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PREFACE. 


THE  publication  of  “Physiology,  Exhaustive  and  Practical”  in  its  present 
A form  is  due  to  a continued  manifestation  of  interest  in,  and  a high 
appreciation  of  the  value  of  these  lectures  as  delivered  by  Prof.  Littlejohn, 
in  his  daily  work. 

Many  students  who,  at  first,  thought  them  beneficial  only  for  special 
preparation  on  the  different  subjects,  now  consider  them  more  valuable  for 
future  reference  and  desire  to  preserve  the  same  in  a handsomely  bound 
form  and  give  them  a permanent  place  in  their  libraries. 

And  to  the  end  that  these  “nuggets  of  pure  gold”  may  be  properly 
treasured,  I commend  this  volume  to  my  fellow  students,  and  would  be  glad 
to  have  their  criticisms,  as  well  as  suggestions. 

I desire  to  acknowledge  valuable  suggestions  from  numerous  students 
and  invaluable  aid,  in  the  preparation  of  this  work,  from  Dr.  J.  M.  Little- 
john. 

I wish  to  thank  the  publishers  for  the  extreme  care  they  have  exercised 
in  the  mechanical  execution  of  the  work. 


H.  R.  BYNUM. 
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INTRODUCTION. 


In  beginning  the  study  of  Physiology  we  must  always  remember  that 
all  Science  is  one  and  that  there  is  unity  in  Science  that  specialization  can- 
not dispense  with. 

When  we  abstract  we  tend  to  narrowness  and  bigotry.  Science  literally 
means  knowledge,  and  it  covers  the  whole  field  of  knowledge  but  it  also 
i mplies  exactness  of  knowledge  based  upon  observation,  experiment  and 
classification. 

Observation  and  experimentation  furnish  the  basal  facts  which  are  reas- 
oned about  and  reduced  to  unity  and  system  in  the  form  of  ideas;  these 
ideas  in  turn  forming  the  basis  upon  which  science  is  systematically  built 
up.  Physiology  is  a part  of  science  and  a very  essential  part.  Physiology 
literally  means,  from  phusis  and  logos,  reasoning  about  nature,  in  this  case, 
limited  to  human  nature,  at  least,  in  the  field  of  human  Physiology.  Every 
form  of  life  has  a Physiology,  so  that  Physiology  really  falls  back  upon 
Biology  as  the  Primary  Science.  Biology  is  the  Science  of  life  in  general. 
Physiology  is  the  Science  that  reasons  about  the  nature  of  life,  its  modes  of 
activity  and  the  actions  of  its  organisms.  In  other  words,  it  is  the  science 
of  organized  life.  Morphology  as  distinguished  from  Physiology  deals  with 
the  form  and  structure  of  living  beings.  Life,  itself,  from  this  standpoint, 
is  that  science  of  relations,  physical,  chemical  and  vital  which  gives  us  cer- 
tain phenomena  that  we  characterize  as  manifestations  of  vitality.  This,  of 
course,  implies  behind  all  phenomena  the  life  principle. 

Anatomy,  Physiology  and  Pathology  are  the  three  great  pillars  upon 
which- rests  the  Science  of  Medicine.  The  Science  of  Medicine  is  not  lim- 
ited to  the  prescription,  and  knowledge  of  Drugs  or  Physic;  this  is  the  degen- 
erated idea  of  Medicine.  The  Science  of  Medicine  deals  with  the  preserva- 
tion and  prolongation  of  human  life  and  with  the  curing  of  those  abnormal 
conditions  which  tend  to  weaken  or  destroy  life.  Medicine  in  its  history 
nas  followed  several  curative  principles.  Primitively  associated  with  priest- 
craft, it  consisted  of  certain  ceremonial  observances.  Later  it  consisted  of 
certain  charms  which  the  superstitious  character  of  the  people  encouraged. 
To  this  day  certain  forms  and  incantations  are  believed  to  possess  medicinal 
virtue.  In  the  definition  of  the  Science  I have  given,  I think  it  is  wide 
enough  to  cover  Osteopathy,  because  I believe  Osteopathy  is  a part  of  the 
Science  of  Medicine  and  Osteopathy  should  claim  the  word  Medicine  in  its 
original  sense,  namely,  that  of  healing.  There  are  three  great  fields  of 
knowledge  in  the  Science  of  Medicine — Anatomy,  Physiology  and  Pathol- 
ogy. Anatomy  is  the  Science  of  organization  or  of  the  structure  of  the 
human  system.  Physiology  is  the  science  of  organized  life  in  its  various 
functions.  Pathology  is  the  science  which  deals  with  abnormal  conditions 
of  human  life.  Symtomatology  is  the  science  which  deals  with  results  from 
the  standpoint  of  Physiology  and  Pathology  combined,  with  symptoms  or 
signs  of  diseased  conditions  viewed  from  the  standpoint  of  the  expert  phy- 
sician who  has  a correct  knowledge  of  Anatomy,  Physiology  and  Pathol- 
ogy. To  combat  disease  and  consequently  to  prevent  death  we  must  have 
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a thorough  knowledge  of  these  sciences.  These  represent  the  normal  con 
ditions  and  also  the  abnormal  conditions.  To  understand  and  meet  the 
unhealthful  conditions  we  must  know  the  healthful  and  health-giving  con- 
ditions and  functions.  Physiology  forms  the  middle  science  in  this  trinity 
of  sciences  and  is  a most  essential  study  in  the  field  of  Medicine.  But  there 
is  a wider  field  in  which  Physiology  figures.  Physiology  has  not  only  a bear- 
ing upon  Medicine  but  also  upon  Psychology  and  through  Psychology  upon 
the  whole  field  of  education.  Physiology  explains  and  largely  accounts  for 
Psychological  conditions;  for  true  Psychology  is  founded  on  Physiology. 
The  mental  states  and  activities  are  of  value  only  as  the  illustrations  of 
Psychological  relations  and  conditions.  The  psychic  conditions  of  life  are 
brought  out  not  alone  in  the  field  of  education,  in  adaptations  to  study 
but  also  in  the  study  and  diagnosis  of  mental  diseases,  and  many  of  the 
nervous  diseases.  The  Physiology  of  the  brain,  spinal  cord  and  of  the 
entire  nervous  system  is  at  the  foundation  of  every  true  theory  of  life, 
whether  we  take  it  in  regard  to  physical  life,  in  its  preservation,  prolonga- 
tion and  its  treatment  under  diseased  conditions  or  in  regard  to  mental  life 
and  even  the  higher  moral  and  spiritual  life.. 

A correct  knowledge  of  Physiology  applied  in  the  field  of  Psychology 
has  rendered  obsolete  older  ideas  and  plans  of  education  and  has  given  iise 
to  the  modern  natural  school  of  education  that  has  done  so  much  to  e\  ol\  e 
didactic  principles  and  plans  for  educating  that  is  leading  out  and  up  the 
mind  to  the  realms  of  knowledge  rather  than  piling  in  the  material  into  an 
already  overcrowded  mind.  May  we  not  look  for  the  same  lefoim  in  the 
field  of  medicine  when  Physiology  is  taught  in  all  its  bearings  as  it  teaches 
the  true  functions  of  a differentiated  human  life  consisting  of  a number  of 
organs  all  of  which  are  independent,  and  yet  are  united  to  foim  a single 
life.  As  we  step  into  the  higher  field  of  Psycho-physiology,  we  realize  the 
fact  that  mind  is  the  ascendant  power  and  that  in  a healthy  physical  life 
nothing  less  than  a healthy  mind  can  secure  that  vigorous  condition  of  body 
so  much  desired  by  all.  VVe  realize  also  that  while  we  treat  puieh  bodily 
diseases  we  must  not  overlook  the  fact  that  Psycho-pathy  partly  discloses 
mental  diseases  and  mind  conditions  without  the  removal  of  which  it  is  im- 
possible to  cure  bodily  diseases.  This  wide  field  we  believe  is  opened  before 
Osteopathy  and  we  think  that  our  claim  is  not  too  great  when  we  say  in 
beginning  this  course  of  Physiology  that  Physiology  is  the  gateway  > 
which  this  immense  field  is  to  be  entered.  In  its  bearings  upon  the  human 
life  with  all  its  functions  we  constantly  remember  that  it  is  our  purpose  in 
teaching  Physiology,  to  lead  your  minds  up  to  that  high  standard  of  knowl- 
edge regarding  Physiology  which  will  qualify  you  to  become  efficient  opei- 
ators  in  the  field  of  Osteopathy, 
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Physiology  treats  of  organized  and  functional  life.  Human  Physiology 
treats  of  the  vital  actions  and  functions  of  the  various  parts  of  the  human 
system.  In  general  it  treats  of  the  actions  and  the  uses  ot  the  various  parts 
of  the  living  body.  Everything Jhat  has  life  has  a physiology;  hence,  we 
have  vegetable,  animal  comparative  andHhuman  Physiology.  Vegetable 
Physiology  is  brought  out  in  the  science  of  Botany.  Animal  Physiology  is 
both  comparative  and  human  and  embraces  the  whole  animal  kingdom. 
Comparative  Physiology  deals  with  the  life  of  the  inferior  races  of  animals. 
Human  Physiology  teaches  of  the  various  organs  of  the  human  body.  In 
order  to  understand  Physiology,  the  construction  and  composition  of  the 
human  body  must  be  understood.  The  properties  or  relations  of  the  human 
body  are  chemical,  physical  and  vital.  These  relations  when  harmoniously 
sustained  through  a succession  of  time  constitute  life  from  a physiological 
standpoint.  Life  consists  of  the  manifestations  of  certain  phenomena,  de- 
pending upon  these  three  properties.  One  of  these  manifestations  is  act- 
ivity back  of  which  is  the  will  and  the  mind.  We  have  much  to  say  of  life, 
or  vital  activity,  but  the  most  that  we  know  of  it  is  its  results.  What  life  is 
and  its  exact  position  in  relation  to  what  we  call  the  body  is  not  known. 
All  the  parts  of  the  body  are  united  together  by  a wonderful  sympathy  and 
manifest  united  activity.  The  human  body  is  an  organism,  that  is,  each  part 
of  the  human  body  is  both  cause  and  effect  in  its  relation  to  organism  as  a 
whole;  this  organism  of  the  human  body  is  differentiated  into  different  parts 
or  organs  which  discharge  their  own  peculiar  functions,  all  the  different 
parts  being  united  so  as  to  constitute  the  single  human  body  and  the  indi- 
vidual life.  The  three  basic  principles  or  elements  of  the  human  system 
are  matter,  motion  and  mind.  These  are  called  the  trinity  of  operations  in 
the  human  system.  They  are  named  in  their  order  from  the  standpoint  of 
result  and  of  development  from  the  standpoint  of  Science.  We  do  not 
speak  here  of  any  first  cause  of  these  elements,  we  are  not  concerned  with 
causation  because  that  belongs  to  metaphysics.  In  Science  we  find  these  as 
facts  and  we  deal  with  them  as  results.  The  lowest  substratum  of  all  de- 
velopment is  matter;  hence,  Physics  and  Chemistry  begin  by  discussing 
the  fundamental  properties  of  matter.  E.iology  discusses  the  same  proper- 
ties in  connection  with  life  and  the  energy  of  life.  Life,  so  far  as  known  to 
us,  exists  solely  as  a manifestation  of  living  matter  the  result  of  certain  un- 
derlying causes,  these  causes  manifesting  themselves  in  activity  through  the 
human  body  and  mind.  Although  living  matter  and  lifeless  matter  are  en- 
tirely distinct,  yet  they  are  closely  related.  Matter  is  constantly  being 
taken  into  the  body  and  transformed  into  the  body  substance  by  the  func- 
tions of  assimilation,  absorption,  etc.  The  living  substance  of  the  human 
body  is  the  transmuted  lifeless  matter  of  food  which  has  been  taken  into 
the  body  and  has  become  animalized.  The  continuance  of  life  depends  up- 
on the  assimilation  of  this  lifeless  matter  with  the  life  substance  of  the  body. 
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The  theory  of  life  in  its  continuance  is  that  of  the  relation  between  living 
matter  and  lifeless  matter  and  the  great  question  is,  how  to  accomplish  this 
process  of  assimilation.  The  body  is  a living  mould  into  which  certain 
substances  are  cast  to  be  assimilated  into  the  system  and  the  waste  matters 
expelled.  Prof.  Huxley  has  said : “The  living  organism  is  in  a constant 

state  of  turmoil  in  connection  with  material  molecules  constantly  streaming 
into  the  body  and  out  again.”  The  second  factor  of  life  is  motion.  Matter 
is  associated  with  motion  because  all  life  in  matter  is_jt  form  of  motion. 
The  living  substance  of  the  body  is  a compound  of  certain  chemical  ele- 
ments. This  living  substance  contains  what  are  known  as  proteids.  These 
compounds  are  composed  of  O,  H,  N,  C,  and  sometimes  at  least,  S and  P. 
These  proteids  constitute  the  material  substratum  of  the  human  body.  Each 
of  these  elements  has  a peculiar  characteristic;  O has  the  power  of  combin- 
ation, H has  the  power  of  mobility,  N has  the  inertial  power,  so  that  in  the 
complex  compound  the  strongest  properties  are  allied  to  constitute  a hu- 
man, material  body.  The  material  substratum  of  the  human  body  is  thus 
found  to  be  proteids;  these  proteids  affecting  the  chemical  and  mechanical 
processes  of  the  human  body. 

There  are  not  only  material  substances  in  the  human 
body,  but  also  power,' "capacity,-  function  or  energy.  The  living  substance 
of  the  body  has  tFe~ power  to  manufacture  hew  substances  out  of  those  sub- 
stances taken  into  the  body.  This  process  of  manufacturing,  roughly 
speaking,  represents  the  process  by  which  the  body  organism  renews  itself 
for  a continuance  of  life.  The  process  of  combustion  gflfijLpn  conim^l£ 

producing  heat  which  is  converted  into  energy  and  motion,  i he  bodily 
substance  is  constantly  wasting  away  by  this  combustion  process,  and 
hence,  needs  constantly  to  be  repaired.  The  repairs  in  the  human  system 
are  effected  by  the  characteristic  development  of  the  human  body,  known 
as  intersusception,  that  is  the  power  of  taking  in  new  particles  and  assimi- 
lating them  to  the  bodily  substance.  In  general  there  are  three  gi eat  func 

tions  in  the  development  of  the  human  s)  stem.  _ , . ..  . 

1st.  Nutrition  including  assimilation  op  taking  in  and  annualizing  par- 
ticles and  nutrition  proper  which  begins  where  assimilation  stops 

2d.  Muscular  irritabiUty.  This  is  found  in  that  vital  property - of  the 
human  body!  called  contractility.  It  is  the  power  to  respond  to  a thnn^ 
3d.  "Reproduction.  This  is  the  power  to  separate  a pait  of  the  cor 

puscle  so  as  to  form  a new'  life. 

There  are  two  great  centers  of  the  body  organism, 

heart. 


the  brain  and  the 


lere  are  two  gieai  bciubn  wi  un.  > , 

neart.  The  blood  is  life;  it  is  bearer  of  the  substances  upon  which  vitality  de- 
pends. The  air  is  borne  in  the  blood  during  the  vitalizing  process  a 
food  substance  is  carried  through  the  blood  in  those  processes  v w 11(; 
is  utilized  as  a tissue  builder.  In  the  bodily  organism  likewise,  the  ncnous 
system  maintains  the  control  so  that  by  the  action  and  ,nt«r“‘,?n 
and  cell  the  bodily  health  is  sustained,  the  life  is  balanced  and  ‘ a 

comes  the  highest  of  all  creatures,  a being  of  intelligence  whose : brain  ; the 
center  of  his  life,  from  which  go  forth  impulses  hat  regulate  and  con 
trol  as  well  as  direct  the  physical,  mental  and  moral  being. 

The  Question  of  the  division  of  Physiology  is  one  which  has  been  muc 
discuTss^qU  H ifbased  upon  function.  If  we  regaixl  function  » . o£ 

existence,  life  itself  consisting  of  the  puoper  exercise 

The  old  classification  of  functions  was  that  of  (l)  v,tab  ^ 

animal  and  (3)  natural  functions  E^ch^thcv  a e arranged  on 

adopted  by  Aristotle,  according  to  which  they  aic  arrang 
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the  basis  of  the  object  of  the  function  fulfilled.  According  to  Aristotle, 
there  are  two  inodes  of  existence.  1st.  InteimalQr  vegetative  and  2d.  ex- 
ternal jar  animal,  the  former  including  the  whole  process  of  nutrition  and 
tihe  latter  including  locomotion.  This  idea  was  fully  developed  by  Grim- 
aud  who  speaks  of  the  functions  as  two-fold.  ist.  Internal  taking  place  in 
the  interior  of  the  body,  the  chief  function  being  digestion  in  connection 
with  nutrition;  and  2d.  external  in  relation  to  external  objects,  the  locomo- 
tive power  directing  all  these  external  movements.  One  of  the  most  com- 
plete divisions  is  that  adopted  by  Richerand.  This  division  is  also  based 
upon  an  object  or  end  fulfilled.  I.  Functions  in  the  individual  life,  (A) 
those  which  are  subservient  to  the  preservation  of  the  individual  by  assim- 
ilating to  his  substance  the  food  by  which  he  is  nourished.  These  include 
digestion,  absorption,  circulation,  respiration,  secretion  and  nutrition  pro- 
per. (B)  functions  which  tend  to  the  preservation  of  the  individual  by  es- 
tablishing relations  with  external  things  and  beings.  This  includes  the  ner- 
vous system  and  the  special  senses  including  also  locomotion  and  animal 
mechanics.  II.  Functions  subservient  to  the  preservation  of  the  species, 
including  reproduction,  embryology,  changes  of  life,  temperament  and  * 
death. 

The  field  of  nature  is  divided,  first,  into  inorganic  substances  ossessing 
the  common  property  of  matter.  Second,  into  organic,  or  living  beings, 
obeying  particular  laws  while  subject  to  the  general  laws  of  the  Universe. 
Each  of  these  orders  has  two  forms.  Inorganic  is  found  first  in  simple 
elementary  substances  incapable  of  analysis,  and  second : Complex  sub- 

stance capable  of  analysis  and  decomposition. 

Organic  beings  exist  in  the  forms  of  vegetable  and  animal  life.  While 
we  differentiate  nature  in  this  division  we  must  remember  the  mutual  de- 
pendence of  these  parts  which  demand  simultaneous  existance. 

I 1 Difference  between  organic  and  inorganic  beings — The  latter  are 
found  to  be  very  different  from  those  endowed  with  life.  1st.  In  the  ho- 
mogeneous nature  of  their  substance.  2d.  In  the  complete  independence 
of  their  particles,  each  of  which  has  in  it£  causes  to  account  for  its  peculiar 
mode  of  existence.  3d.  In  the  power  of  resisting  decomposition;  and  4th. 
In  the  absence  of  those  powers  which  free  organic  bodies  from  the  absolute 
dqrmnion  of  the  physical  law.  We  cannot  get  a true  idea  of  life  without 
considering  those  bodies  which  are  endowed  with  life  as  compared  with 
those  which  have  no  life. 

ist.  Difference  between  organized  and  inorganized  bodies  is  found  in 
the  homogenousness  of  the  inorganic  and  the  compound  nature  of  the  or- 
ganic. If  we  break  a block  of  marble  we  find  no  difference  among  the 
pieces  except  in  size  and  shape.  If  we  divide  an  animal  or  a vegetable  we 
find  different  parts  all  of  which  have  differences  among  themselves. 

2d.  Organic  beings  cannot  live  or  exist  in  their  natural  condition  unless 
solids  and  liquids  enter  into  their  composition.  In  the  minerals  the  water 
or  fluid  which  enters  into  or  penetrates  the  substance  does  not  form  a part 
of  it,  except  in  so  far  as  they  enter  into  chemical  composition. 

3d.  All  the  parts  of  the  living  body,  animal  or  vegetable,  have  a nat- 
ural tendency  to  a common  object,  the  preservation  of  the  individual  and  of 
the  species.  Each  of  the  organs  of  the  body  performs  its  own  function, 
and  yet  all  the  organs  concur  in  the  promotion  of  the  same  object  and  in 
development  of  the  life  in  general.  Life,  then,  would  be  the  result  of  a 
•series  of  concurring  and  harmonic  actions.  On  the  other  hand,  each  part 
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of  the  inorganic  mass  is  independent  of  the  other  parts  to  which  it  is  united 
by  the  force  of  affinity  of  aggregation. 

4th,  Among  the  animals  and  vegetables  all  the  individuals  of  the  same 
class  seem  to  have  been  formed  after  the  same  model;  their  difference  being 
slight.  The  forms  of  organized  life,  therefore,  are  more  easily  determined. 
That  is,  these  forms  are  determined  organically. 

In  minerals,  the  veins  of  the  substance  are  never  alike.  For  example: 
Crystals  from  similar  substances  often  assume  very  different  shapes. 

5th.  A powerful  internal  cause  seems  to  arrange  the  different  parts  of 
animal  and  vegetable  bodies  so  as  to  present  a surface,  more  or  less  round- 
ed. Minerals,  on  the  other  hand,  often  take  their  shape  from  external 
bodies,  and  when  a special  cause  gives  to  them  a special  form,  as  in  crys- 
tals, their  surface  is  flat  and  angular. 

6th.  The  most  absolute  distinction,  that  is,  between  the  organized  and 
inorganized,  is  that  which  depends  upon  growth  and  nourishment.  Inor- 
ganic bodies  grow  only  accretion,  that  is,  by  the  accession  of  new  layers  to 
the  outer  surlace,  while  the  organic,  by  reason  of  their  vital  powers,  receive 
into  close  combination,  are  penetrated  and  pervaded  by  the  substance  they 
assimilate.  In  plants  and  animals  nutrition,  used  in  its  general  sense,  is  the 
effect  of  the  internal  mechanism  and  their  growth  is  development  from 
within.  In  the  minerals,  growth  is  not  properly  a development,  but  an  ac- 
cession which  goes  on  successively  by  the  addition  of  new  surface  layers. 

7th.  Organic  bodies  spring  from  a germ,  which  at  first  was  a part  of 
another  being  from  which  it  detached  itself  foi  the  sake  of  its  own  develop- 
ment and  growth.  Inorganic  bodies  have  no  germ,  but  are  made  up  of  dis- 
tinct parts  brought  together  in  combinations. 

8th.  Organized  bodies  alone  can  die.  All  these  have  a duration  de- 
termined by  their  own  nature,  and  this  duration  is  not  determined  as  in  the 
case  of  minerals  by  bulk  and  density.  If  man  has  not  the  life  of  the  oak, 
whose  substance  exceeds  his  in  density,  neither  does  he  equal  many  of  the: 
animals,  such  as  fishes,  whose  flesh  is  of  an  inferior  consistency  to  his  own. 

DIFFERENCE  BETWEEN  ANIMAL  AND  VEGETABLE  LIFE. 


There  are  much  fewer  and  less  absolute  differences  between  vegetable 
and  animal  life.  There  is,  in  fact,  very  little  difference  between  a plant  and 
a zoophyte.  There  is  a much  wider  distance  in  their  internal  economy  be- 
tween man,  who  stands  at  the  head  of  the  animals,  and  the  polypus,  which 
stands  at  its  lowest  line,  than  there  is  between  the  polypus  and  the  plant 
There  lies  between  organized  bodies  and  inorganized  bodies,  a space  which 
cannot  be  bridged,  even  by  the  Philosopher’s  lithophyte.  Atone  end  of 
the  animal  chain  are  found  living  beings,  fixed  like  tne  plants  on  then 
birth  spots,  sensitive  and  contractile,  like  the  plants  reproduced  .torn  slips, 
yet  we  can  see  differences  that  are  sufficiently  marked  between  the  anima 

and  vegetable  kingdoms.  . ,T 

1st.  Difference:  between  Vegetable  and  Animal  kingdoms  Vege- 

tables are  more  complex  than  minerals,  less  complex  than  animals,  i he 
proportions  of  solids  to  liquids  is  greater  in  vegetables,  therefore,  after 
death,  they  retain  their  form  and  size.  Solids  in  man  are  about  1-6 of  the  body, 
and  after  putrefaction  his  body  remains  only  a little  dust  and  a slight  skele- 
ton, when  the  ground  and  air  have  extracted  the  liquid  from  his  body.  U 
the  other  hand,  a tree  is  more  than  three  parts  of  its  substance  solid  wood. 
After  it  has  been  dead  for  ages,  in  buildings  and  other  structures,  it  pre- 
serves its  form  and  size,  although  by  drying,  it  has  lost  its  weight. 


difference;  between  animae  and  vegetable  life. 
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2nd  Difference:  The  constituent  principles  of  vegetables,  as  they  are 
less  in  number,  are  also  less  diffusible.  In  fact  azote  (nitrogen),  which  is 
predominant  in  animal  substances,  is  a gaseous  and  volatile  principle,  while 
carbon,  the  base  of  vegetable  substance,  is  fixed  and  solid.  This  added  to 
the  smaller  quantity  of  liquid,  explains  the  long  duration  after  death  of  the 
vegetable  substances. 

3rd  Difference:  There  is  one  difference  sufficient  to  distinguish  be- 

tween the  animal  and  vegetable  life.  The  zoophyte,  fixed  on  his  rocky 

habitation,  cannot  change  his  position  and  is  confined  to  partial  movements 

which  are  possessed  also  by  certain  plants.  The  result  is  that  the  zoophyte 
has  not  that  sensitive  unity  so  remarkable  in  animals  and  in  man.  The  zo- 
ophyte, whose  name  indicates  an  animal  plant,  is  totally. .separated  from  all 
beings  of  the  vegetable  kingdom  by  the  existence  of  a cavity  in  which  ali- 
mentary  digestion  is  carried  on  as  a process  of  absorption.  From  this 
animal  up  toman  nutrition  is  carried  on  by  two  surfaces — the  internal  and 
external,  especially  the  former;  While  in  the  plant  nutrition,  or  rather  the 
absorption  of  nutritive  principles,  is  only  on  the  external  surface.  Every 
animal  considered  as  an  abstraction  has  a nutritive  tube,  open  at  the  ex- 
tremities. The  existence  of  a polypus  is  reduced  to  an  act  of  nutrition, 
because  its  whole  substance  is  used  in  forming  an  alimentary  tube  of  which 
the  soft  surfaces  are  used  in  the  absorption  of  substances  brought  into  it. 
From  the  worm  up  to  man  the  alimentary  canal  is  a long  tube,  open  at  the 
two  extremities,  at  first,  in  the  lower  forms  only  the  length  of  the  body, 
from  the  mouth  to  the  anus;  but,  in  the  higher  forms  of  life,  this  tube  re- 
turns  upon  itself  in  complex  folds  between  the  two  extremities.  It  is  in  the 
thickness  of  the  walls  of  this  tube  between  the  mucous  membrane  that  lines 
it  internally  and  the  skin  with  which  the  membrane  is  continuous  that  all 
the  organs  are  placed  which  serve  to  transmit  and  modify  the  fluids,  to- 
gether with  the  nerves  and  muscles.  In  fact  all  that  carries  on  life — that 
is  the  processes  of  life.  As  we  rise  from  the  white  blooded  animals  to  the 
red  and  cold  blooded,  and  from  these  to  the  warm  blooded,  and  finally  to 
man,  we  find  a gradual  multiplication  of  organs  contained  within  the  walls 
ot  this  canal.  If  we  follow  the  same  course  downward — that  is  from  the 
higher  to  the  lower— we  find  the  structure  simplified  till  we  reach  the  pol- 
ypus, whose  canal  is  so  simple  that  it  can  be  turned  inside  out  without  in- 
terfering with  the  proper  discharge  of  functions.  That  shows  that  there  is 
nothing  on  the  internal  side  of  the  walls  of  that  canal  peculiar  to  the  pro- 
cess of  absorption  as  we  find  it  in  animal  life.  Thus  it  shows  a very  simple 
form  °f  the  alimentary  canal.  Man,  therefore,  and  the  whole  animal  kingdom 
carry  about  within  them  the  supply  of  their  subsistence  and  absorption  by 
an  internal  surface  which  is  their  peculiar  characteristic. 

The  digestive  tube  that  essential  part  of  every  animal,  is  the  part  of 
wh'ch  the  existence  and  action  are  the  most  independent  of  the  concurrence 
of  the  other  organs  and  to  which  the  properties  of  life  seem  to  adhere 
th,t  In'  CVVh!  has  often  been  spoken  of  as  the  father  of  Physiology,  states 
; h lea?  T find  'rr'tah'hty  under  the  two-fold  relation  of  lively  and 
ffv‘n  the  hjghest  combination.  This  means  the  heart  retains  life'long- 
f.S‘-  ,He  Save.  s^.cond  Place  to  the  intestines,  the  stomach,  the  bladder 
he  uterus  and  the  diaphragm.  After  this,  that  is,  in  the  third  place  all  the 
muscles  under  the  control  of  the  will.  P ’ 

Riche-rand  and  Jurine  have  shown,  however,  that  the  intestines  are  al 
ways  the  last  parts  in  which  traces  of  life  can  be  discovered  After  the 
heart  has  ceased  to  beat  and  the  res,  of  the  body  reduced  to  a„  taring 
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mass,  there  are  certain  undulatory  motions  in  the  intestinal  canal.  If  the 
intestinal  tube  is  the  ultimum  moriens,  that  is,  the  last  organ  in  which  life 
lingers,  then  it  is  to  it  we  ought  to  direct  stimulation  in  cases  of  asphyxia. 
ThTs  connects  the  lower  to  the  higher  animal  forms,  for  Jurine  observed  in 
the  pulex  monoculus  that  of  all  the  parts  of  this  little  white  blooded  animal 
the  intestines  were  the  last  to  die.  All  animals  are  united  in  the  possession 
of  this  canal,  simple  or  complex. 

LIFE. 


We  shall  find  life  to  be  composed,  at  first,  of  a small  number  of  phe- 
nomena as  small  as  the  apparatus  to  which  life  is  entrusted.  After  extend- 
ing these,  as  its  organs  or  instruments  are  multiplied,  and  as  the  organism 
becomes  more  complex  we  reach  the  higher  forms  of  life.  The  properties 
which  characterize  it  at  first  are  obscure,  becoming  more  and  more  mani- 
fest as  they  increase  in  number  as  well  as  in  developement  and  energy, 
the  field  of  existence  enlarging  as  we  ascend  from  the  lower  beings  to 
man — the  most  perfect  being.  This  perfection  simply  means  that  h' mg  be- 
ings are  possessed  of  more  numerous  organs,  present  greater  results  in  life 
and  multiply  the  acts  of  existence.  In  the  Universe  every  being  is  perfect 

in  itself,  because  each  being  is  so  constructed  as  perfectly  to  fulfil  its  pur- 
pose. In  the  plant  which  springs  up,  grows  and  dies  each  year  we  fia\e  a 
being  whose  existence  is  limited  to  the  phenomena  of  nutrition  and  repro- 
duction; a mechanism  which  consists  of  a multitude  of  vessels,  straight  01 

winding,  through  which,  the  sap  is  filtered  and  other  fluids  necessary  o 
vegetation  in  the  nutritive  process.  These  fluids  ascend  generally  fiom  the 
roots,  where  materials  are  taken  up  to  the  higher  parts  of  the  organism, 
where  what  is  left  over  from  nutrition  is  evaporated  through  the  lea\  es 

the  waste  thrown  off.  , r 

Two  properties  direct  the  action  of  this  small  number  of  functio 

that  is  as  we  find  them  in  the  plants— first  a latent  and  feeble  sensibili  . 
by  which  each  vessel  is  affected  by  the  fluid  with  which  it  is  brought  into 
contact,  and,  2nd.  a slight  contractility  in  virtue  of  which  these  ^^el^cl°^ 
or  dilate  themselves  under  the  fluid  impressions  so  as  to  effect  transm nss  o 

and  diffusion.  The  reproductive  organs  in  the  Plant . .fre over  the 
The  male  stamina  bow  themselves  over  the  female  pistil,  shake  o'  er  the 
stigma  their  fertilizing  dust,  and  then  die  with  the  flower  which  is ^“jceed 
ed  bv  the  seed  This  plant  divided  into  many  parts  is  1 ^produced  al 
from^ slips  which  proves  this  fact  that  each  part  is  not  absolutely  depend- 
ent  on  ePach  othe/part,  and  that  each  of  the  parts  conta-s  a se  o organs 
necessary  to  life,  and,  therefore,  can  exist  alone.  This  is  due  to > t he  - 
pier  organs— that  is  simpler  as  compared  to  the  more  complex-and 1 to  he 
diffusion  of  the  properties  of  life  in  all  parts  the  phenomena  of  life  being 

leSS  th=  ,°"“t  'fJT 

the  ammaldtain,  we  find  a tube  of  a soft  subfla"“fb“th 

tractile,  a life  and  organization  as  simple  as  that  c if  a _ plant.  1 ■ 

irrsUoluk'CifiUsnl:rtTpie:r1ach  pike ‘becomes  a new  polypus, 
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organized  and  living.  These  animals  (gemmiparous)  have  the  faculties  of 
feeling  and  self-motion  and  are  also  capable  of  impressions. 

Rising  to  the  worms  we  have  no  longer  animated  substances,  simply 
shaped  into  an  alimentary  canal;  but  parcels  of  muscular  fibers,  a vessel  di- 
vided into  a series  of  vesicles,  which  empty  into  one  another  by  contractile 
movements,  starting  at  the  head  and  going  to  the  tail,  a spinafmarrow  com- 
posed of  ganglia  chains — that  is  different  from  the  ganglia  centers — and 
tracheae  analogous  to  the  plant  respiratories,  and  also  in  some  of  them  we 
find  gills.  These  all  indicate  perfect  organization — these  are  the  essential 
features  that  we  find  in  this  worm  class  of  animals.  The  worm  may  also  be 
divided  into  many  pieces,  each  part  becoming  a separate  organism,  but 
there  is  a limit  to  this  separation— that  is,  it  is  different  from  the  polypus, 
an)7  part  cannot  become  separate  and  become  a new  organism.  The  crus- 
taceous  tribes,  among  them  the  lobster,  give  us  a more  complex  organiza- 
tion in  which  we  find  distinct  muscles,  an  articulated  skeleton,  movable  in  all 

its  parts,  a spinal  mairow,  a biain  and  aheart.  The  last  two  organs the 

brain  and  the  heart— place  this  form  of  life  above  that  of  the  worm,  because 
we  find  in  this  class  a kind  of  intelligence  and  will  impulses.  These  are 
based  on  the  fact  that  these  animals  will  follow  smell — very  distinctly,  too 
and  flee  from  danger  apprehended  by  the  sense  of  vision. 

There  are  also  viscera  for  alimentary  digestion,  sensibility  and  con- 
tiactility,  subject  to  internal  stimulus;  Nerves  and  locomotive  muscles 
which  connect  with  the  external  world.  In  these  animals  there  can  be  no 
separation  of  parts  with  the  continuation  of  life,  although  a few  parts  mav 
be  cut  off  and  still  preserve  the  central  foci  of  life.  7 

Passing  from  the  white  blooded  animals  to  the  red  and  cold  blooded 
such  as  fishes  and  leptiles.  Life  is  more  involved  in  organization  and  re- 
production still  further  limited.  Gills  in  these — in  the  fishes,  of  course ' 

and  lungs  in  others  are  added  to  the  heart.  The  action  of  these  chief  or 
gans,  however  is  less  frequent.  The  serpent,  for  example,  passes  lon^  win- 
ters torpid  with  cold,  without  air  and  without  life  motions.  This  is  due  to 
the  capacity  to  suspend  the  admission  of  air  and  the  capacity  of  breathing- 
at  very  long  intervals.  The  heart  and  other  vessels  of  the  fish  feel  and  act 
within  him  without  consciousness.  Fish  have  senses,  nerves  and  a brain 
from  which  it  knows  what  affects  it;  muscles  by  which  it  moves  and  adapts 
itself  to  surrounding  environments.  " 

Coming  to  the  red  and  warm  blooded  animals,  at  the  head  of  which  we 
find  man.  We  find  this  class  of  animals  all  alike,  except  in  the  less  essential 
organs.  All  of  them  have  vertebral  columns,  four  limbs,  the  brain  which 
exactly  fills  the  cavity  of  the  skull,  a spinal  marrow,  nerves  of  two  kinds 
five  senses,  muscles  partly  voluntary  and  partly  involuntary.  Added  to’ 
these  organs  a long  digestive  tube  coiled  upon  itself,  furnished  at  its  open- 
ing with  salival  and  masticatory  instruments,  with  lymphatic  glands,  arteries 
and  veins,  a heart  with  two  auricles  and  two  ventricles,  and  lobular  hums 
Ihese  are  all  the  organs  of  life,  and  yet  none  of  these  organs  live,  except 

while  they  partake  in  the  general  action  of  the  system  and  are.  under  the 
influence  of  the  heart.  All  of  them  die,  or  at  least  vanish  from  visual  ob- 
servation, when  separated  from  the  animal. 

hurTf^n  body  consists  of  a collection  of  liquids  and  solids  in  the 

f.°P' 1° n.  of-5Xe  ,.to  °ne\!n  Slx  Parts-  This  proportion  is  maintained 
throughout.  1 he  liquid,  which  constitutes  the  greatest  weight  of  the  hnrhr 
existmg  before  solids  for  the  embryo,  which  is^at  first  in  a gelatinous  con’ 
dition,  may  be  considered  a fluid.  It  is  from  the  liquid  that  all  the  organs- 
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receive  their  nutriment  to  repair  their  waste.  The  solids  formed  from  the 
l,qu,ds  re  urn  to  their  former  state;  after  having  for  a sufficient  time  formed 
^l)a[i.°  the  annual  they  become  decomposed  by  the  nutritive  process. 
• uiditv  is  thus  essential  to  living  matter,  because  the  solids  are  uniformly 
formed  from  the  liquids  and  eventually  return  to  their  former  state.  Solid- 
it>  , thciefore,  is  an  accidental  condition  of  organized  living  matter  Water 
forms  a great  part  ot  this  fluid  and  is  the  common  vehicle  of  all  the  animal 
w1^-  u acont-nVal‘ne  substances  m solution  and  even  animal  matter 
v;e  find  this  animal  matter  in  the  muscles  in  three  different  forms,  gelatin' 
albumin  and  fibrin  The  first  of  these  substances,  the  gelatin  solidified' 
forms  the  basis  of  all  the  organs  of  a white  color,  such  as  tendons,  aponeu- 
roses and  cellular  tissue  and  membranes.  v 

2nd.  Albumin  exists  abundantly  in  all  the  humours. 

3rd.  Fibrin  of  the  blood  forms  the  cement  which  is  employed  in  re- 
pan ing  the  waste  of  a system  of  organs, — the  muscular  system.  Animal 
matter  passes  successively  through  these  three  forms,  gelatin,  albumin 
and  fibiine,  and  these  three  different  changes  mark  the  successive  changes 
in  animal  mattei.  The  solid  parts  are  formed  into  different  systems,  to 
each  of  which  is  ascribed  a certain  function.  Limiting  the  expression  ' or- 
ganic system  to  a combination  of  parts  which  concur  in  the  same  usa^e  as  a 
means  of  existence  01  life,  there  is  a difference  between  life  and  existence. 

W e have  in  all  ten  special  functions— that  is  in  the  human  body  Now 
we  will  mention  these  ten  functions. 

1st.  The  digestive  apparatus,  consisting  of  a canal  extending  from 
the  mouth  to  the  anus. 

2d.  The  absorbent  or  lymphatic  system,  which  consists  of  vessels  and 
glands. 


The  cnculatoiy  system,  which  is  a combination  of  heart,  arteries, 
veins,  and  capillaries. 

4th.  Respiratory  System. 

5th.  Secretory  or  glandular  system. 

6th.  Sensitive  system,  embracing  the  brain,  the  spinal  marrow  and  the 
organs-of  sense. 

7th.  The  muscular  system,  that  of  motion  and  locomotion,  including 
muscles,  tendons  and  apeneuroses. 

8th.  The  osseous  system,  including  bones,  appendages,  cartilages,  liga- 
ments, and  synovial  capsules, 

gth.  The  vocal  system. 

10th.  The  sexual  system — reproductive  system. 

Each  of  these  systems  contains  in  its  structures  several  simple  tissues. 
Those  of  the  human  subject  being  cellular  tissue,  nervous  tissue,  muscular 
tissue,  besides  the  horny  tissue  which  constitutes  the  basis  of  the  epidermis, 
hair  and  nails. 


These  four  substances  may  be  considered  as  real  organic  elements, 
because  we  cannot  succeed  in  converting  anyone  of  these  tissues  into 
another.  The  idea  of  a simple  elementary  fiber  which  Haller,  the  Father 
-of  Physiology,  sought  in  vain  to  discover,  is  purely  imaginative.  Bichat,  on 
the  other  hand,  exaggerated  the  multiplication  of  tissues  when  he  con- 
cluded that  there  were  twenty-one  generating  tissues.  In  the  human  or- 
ganization we  find  the  four  constituent  elements  of  tissue  substance,  the 
■epithelial  tissue,  connective  tissue,  muscular  tissue  a!nd  nervous  tissue.  The 
epithelium  is  one  of  the  simplest  structures  of  the  body.  It  consists  of  one 
■or  more  layers  of  microscopic  nucleated  cells,  called  epithelial  cells, 
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arranged  so  as  to  form  membranes  which  line  the  free  surfaces  of  the  interior 
and  exterior  of  the  body,  forming  the  free  surfaces  of  the  epidermis  and  of  the 
mucous  and  serous  membranes.  Epithelial  cells  consist  of  a very  fine  cell 
wall  and  nucleus  and  nucleoli,  and  sometimes,  also,  other  cell  contents  of 
liquid  or  granular  matter.  There  are  four  varieties  of  these,  that  is,  the  epi- 
thelial. 

1st.  Squamous  tesselated  epithelial  cells,  flattish  cells  which  overlie 
each  other,  as  in  the  cuticle,  and  are  placed  side  by  side  like  pavement 
stones,  as  in  the  serous  and  synovial  membranes  and  in  the  interior  of  the 
lymphatics  and  blood  vessels. 

2d.  The  granular  or  spheroidal  epithelium  cells.  These  are  globular 
or  rounded  ceils  which  line  the  interior  of  the  compound  glands,  like  the 
liver  and  gastric  glands,  which  do  the  secretory  work  of  the  body. 

3d.  Ciliated  or  columnar  epithelium  cells  which  consist  of  conical 
shaped  cells  placed  side  by  side,  standing  on  their  lower  extremities.  These 
cells  line  the  stomach  and  the  intestines.  The  upper  part  of  the  gastric 
follicles  and  the  gland  bladder. 

4th.  Ciliated  epithelium  cells  which  are  generally  of  the  cylindrical 
form,  the  free  extremities  of  which  are  ciliated — that  is  lined  with  very  fine 
cilia.  These  cells  line  the  entire  free  surface  of  the  respiratory  tract,  includ- 
ing all  the  air  passages  and  tubes  down  to  the  air  cells.  We  find  a tesselated 
variety  of  the  ciliated  epithelium  cells,  which  line  the  ventricles  of  the 
brain  and  the  central  canal  of  the  spinal  cord. 

The  second  form  of  tissue,  connective,  cellular  or  areolar  tissue  con- 
sists of  a mesh  work,  in  which  quantities  of  white  fibrous  tissue  inter- 
mingle with  a small  quantity  of  yellow  elastic  tissues.  This  tissue  is 
abundantly  distributed  throughout  the  body,  forming  a kind  of  a matrix 
which  binds  the  tissues  and  the  structures  and  the  tissues  together.  It  is 
very  pliant  and  elastic.  The  white  fibrous  tissue  consists  of  parallel  bands 
of  wavy  fillaments  like  the  fibers  of  a cord  and  is  very  tough,  It  is  found 
in  connective  tissues,  ligaments,  tendons  and  fibrous  membrane  like  the 
periosteum. 

The  yellow  fibrous  tissue  consists  of  a very  fine  and  well  defined  elastic 
fibers  about  1 40,000  part  of  an  inch  in  diameter.  This  forms  the  greater 
part  of  the  elastic  tissues,  such  as  the  vocal  cords,  the  ligamenta  subflava. 
This  connective  tissue  also  includes  adipose  tissue,  which  consists  of  fat 
cells  distributed  through  the  meshes  of  connective  tissues.  It  also  includes 
cartilages  by  which  the  ends  of  bones  forming  the  movable  joints  are  tipped, 
and  also  osseous  tissue  both  in  its  cancellous  form  of  slender  fibers,  of  min- 
ute bars  joined  together  like  lattice  work,  and  in  its  compact  form,  which 
consists  of  concentric  rings  of  bone,  arranged  around  a center,  such  as  we 
find  in  the  shafts  of  the  long  bones. 

3d.  Form  of  tissues — muscular  tissue,  is  found  in  two  forms,  the 
smooth  and  unstriped  muscular  fiber,  which  form  the  chief  constituent  of 
the  involuntary  and  hollow  muscles  as  the  alimentary  canal,  bladder,  the 
coats  of  the  arteries,  excretory  ducts,  the  great  lymphatics  and  the  trachea 
viris.  Its  chief  characteristic  is  its  power  of  contractility,  under  the  influ- 
ence of  the  will  or  nervous  stimulation  or  chemical,  mechanical  and  electri- 
caHrritation. 

2d.  Form  is  the  striated  muscular  fiber  which  consists  of  a pale  yel- 
lowish fiber,  each  fiber  having  a sheath  and  each  fiber  being  capable  of 
division  into  fibrillae.  These  fibrillae  form  bundles,  the  smaller  bundle 
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being  called  the  fasciculi  and  the  sheath  of  connective  tissues  by  which 
they  are  bound  together,  is  called,  fascia. 

4th.  Kind  of  tissues,  nervous  tissues.  This  comprises  two  distinct 
structures,  the  fibrous  and  the  ganglionic  vesicular  The  first  kind  forms 
the  essential  constituent  of  nerves  and  the  interior  of  the  brain,  the  second 
kind,  the  different  ganglia,  the  outer  layer  of  the  brain  and  the  inner  portion 
of  the  spinal  column. 

The  vital  parts  of  the  human  body  are  composed  of  these  tissues  which 
complexly  arranged  enter  into  the  organization  of  the  human  system.  Some 
of  these  organs  are  so  essential  to  life  that,  with  the  cessation  of  their  action, 
life  becomes  extinct.  These  vital  organs  are  termed  primary  organs  and 
regulate  the  other  organs  which  are  called  secondary.  None  of  these 
organs  can  act  unless  the  heart  sends  into  the  brain  a certain  quantity  of 
blood,  vivified  by  its  contact  with  the  atmospheric  air  in  the  pulmonary  tis- 
sue; hence  the  primary  organs  are  usually  spoken  of  as  the  heart,  brain  and 
lungs.  The  oxidation  of  the  blood  and  its  distribution  into  all  the  organs 
is,  therefore,  the  chief  phenomenon  on  which  the  life  of  man  and  of  the 
most  perfect  beings  depends.  This  constitutes  the  life  of  man  from  a Phys- 
iological standpoint.  That  concludes  what  we  have  to  say  about  life  from 
the  standpoint  of  Physiology. 

SYMPATHY  AND  HABIT. 


All  the  different  parts  of  the  body  are  bound  together  by  close  rela- 
tions and  sustain  these  relations  by  means  of  sensations  and  affections — 
affections  used  here  in  its  Physiological  sense.  Now  these  bonds  which 
unite  all  the  organs  by  establishing  perfect  harmony  among  all  the  actions 
taking  place  in  the  animal  economy  are  called  sympathies.  The  cause  of 
these  sympathies  we  cannot  state.  We  do  not  know  why  when  one  part  is 
irritated  another  part — although  it  may  be  far  distant — partakes  in  the  irri- 
tation. We  cannot  tell  what  are  the  means  of  establishing  such  sympathies, 
nor  can  we  follow  the  connection  of  organ  with  organ  when  the  affection  is 
mutual.  The  only  thing  we  know  is  that  the  mutual  affection  or  sympathy 
exists.  This  sympathy,  on  account  of  this  mysterious  action 
and  influence  is  all  the  more  important  in  the  animal  economy,  for  such 
sympathetic  relations  form  one  of  the  most  important  differences  between 
animals  andthe  unorganized  bodies,  in  which  we  find  no  sympathy  at  all,  ex- 
cept so  far  as  it  exists  in  chemical  affinity.  Nothing  in  the  inorganic  world 
bears  any  resemblance  to  this  sympathy,  unless  it  be  the  magnetic  or  elec- 
tric fluid.  In  the  animal  life,  however,  the  connections  are  apparent  and 
the  effect  visible,  although  the  cause  is  secret.  The  nerves  cannot  be  ex- 
clusive media  of  this  sympathy  for  some  muscles  which  receive  branches 
from  the  same  nerve  do  not  sympathize,  and  some  parts  of  the  body  are  in 
close  sympathy  whose  nerves  have  no  connection.  Each  nervous  branch 
having  a connection  in  the  brain  and  in  the  part  to  which  it  is  sent,  remain- 
ing  distinct  from  those  of  the  same  trunk.  There  are  different  kinds  of 
sympathy— that  is  physiologically.  We  will  analyze  some  of  these  kinds  of 

sympathy.  r 

ist.  Functional  sympathv:  on  the  part  of  two  organs  discharging  the 
same  function  or  functions.  Ex.,  the  kidneys  may  discharge  each  others 
duty.  The  uterus  and  the  breasts  during  pregnancy  are  mutually  sympa- 
thetic. ...  , .•  ..  r ^ 

2d.  Membranous  sympathy,  which  is  due  to  the  continuity  ot  tne 

membrane,  for  example:  stone  in  the  bladder  associated  with  an  itching  in 
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the  glands — the  membranes  in  that  case  being  continuous.  Fluid  secretion 
is  carried  on  in  this  way — that  is  by  this  membranous  sympathy,  as  when 
food  is  in  the  mouth  we  find  an  irritation  of  the  parotid  ducts  and  glands, 
which  tends  to  increase  secretion.  These  are  all  examples  of  the  mem- 
branous sympathy. 

3d.  The  irritation  of  the  pituitary  gland — which  is  found,  as  you  know, 
in  the  sphenoid  bone— results  in  the  contraction  of  the  diaphragm,  and,  as 
a physical  result  sneezing  follows.  Haller,  the  great  physiologist,  ascrided 
this  to  reaction.  When  snuff  produces  too  great  an  impression  on  the  ol- 
factory nerves  the  uncomfortable  sensation  is  sent  to  the  brain,  which,  in 
turn,  deterfnines  toward  the  diaphragm  sufficient  motion  to  contract  the 
chest  and  so  expel  the  air  and  the  substance  giving  discomfort. 

4th.  The  principle  of  life  seems  to  nontrol  the  phenomena  of  sympa- 
thies. Ex.,  The  rectum,  when  irritated  by  excrements  contracts— the  con- 
traction taking  place  through  sympathy.  There  is  an  accessory  and  a sim- 
ultaneous action  of  the  diaphragm  anp  the  abdominal  muscles. 

5th.  In  the  symmetrical  organs  possibly  habit  may  explain  sympathy — 
that  is  the  reason  we  associated  sympathy  with  habit — because,  in  this  place 
it  is  explained  by  habit.  Ex.,  When  the  sight  is  directed  toward  an  object 
placed  laterally  the  rectus  externus  of  the  eye  of  that  side  acts  at  the  same 
time  as  the  lectus  internus  of  the  other  eye — that  sympathy  being  explained 
by  habit.  These  examples  show  us  that  sympathy  exists,  but, whether  it  is 
due  to  action,  contractility,  sensibility  or  to  the  vital  force  we  cannot  tell. 
It  is  by  sympathy  that  all  the  organs  concur  to  the  same  end  and  give  each 
other  mutual  aid.  It  also  explains  how  local  affections  spread  and  give  ef- 
fect to  the  whole  system.  Sympathy  is  thus  both  a physiological  and 
pathological  condition. 


General  diseases  always  originate  by  associations  in  the  isolated  affec- 
tion of  an  organ  or  system.  This,  of  course,  is  a pathological,  rather  than 
a physiological  statement.  The  most  complex  affections— physiological 
aftectmns  consist  really  of  only  one,  or  a very  small  number  of  elements 
all  the  rest  are  accessories  depending  upon  sympathy.  This  is  an  Osteo- 
pathicMdea  which  traces  the  complexity  of  affections  to  a unitary  cause  in 
some  function,  organ  or  system. 

The  stomach,  when  irritated,  gives  rise  to  pains  in  the  head  and  in  the 
limbs,  with  burning  heat  and  nausea,  loss  of  appetite  and  anxiety  affecting 

• ? n h?re^-S.tei?'  rThe  stomach  thus  oppressed  spontaneously  contracts  to 
rid  itself  of  its  nauseous  contents  and  this  produces  an  universal 

disturbance  in  the  system,  the  affected  organ  calling  to  its  aid  all  other  or- 
gans. In  this  way  by  organic  combinations  in  the  form'of  pathological  in- 
surrections nature  struggles  to  free  itself  from  its  morbid  conditions  To 

assitt  nature  in  this  sympathetic  action  is  to  act  the  part  of  a physiological 
physician.  r J *=> 


i(i  HKbili?0nS[Stf  T t!le  fre51uent  repitition  of  certain  actions  or  motions, 
cither  by  the  whole  body  or  by  a part  of  it.  The  greatest  effect  of  habit  is 
to  weaken  the  organic  sensibility.  For  example:  To  use  snuff,  at  first  in- 
creases the  mucous  secretion  of  the  nose,  but,  if  it  is  used  for  a certain  time 
it  ceases  to  have  any  effect  on  the  pituitary  membrane. 

We  become  aware  of  our  existence  by  means  of  sensations.  All  life 
con  gists  in  the  action  of  stimuli  on  the  vital  powers.  Sentient  beings  feel 
he  necessity  of  continued  emotions  and,  all  the  vital  actions  bear  upon  the 
the  production  of  agreeable  sensations.  p 

Pleasure  and  pain;  the  extremes  of  sensation  approximate  to  each  other 
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under  the  influence  of  habit,  for  habitual  suffering  renders  us  insensible 
to  pain. 

The  organs  of  the  body,  some  of  them  more  than  others,  are  influenced 
in  their  actions  very  powerfully  by  habit.  By  some  physiologists  this  idea 
is  carried  so  far  that  they  regard  death  as  a natural  consequence  of  the  law 
of  sensibility.  Life,  according  to  this  view,  consists  of  the  constant  excite- 
ment of  living  solids  by  the  fluids  of  the  body,  resulting  because  the  sensi- 
tive parts  after  long  habituation  to  this  excitement  cease  to  have  the  capac- 

itv  of  feeling.  . 

We  find  a marked  difference  in  the  physiologica  and  psychological 
fields,  in  regard  to  habit.  The  physiological  axiom  is  that  habit  impairs 
the  sensitive  power,  whereas  the  psychological  principle  is  that  habit  im- 
proves the  judgement.  Physiology  says  impairs  and  psychology  says  im- 
proves — so  that  habit  reduces  physical  sensibility  and  improves  intelligence, 
giving  facility  to  all  the  actions  under  the  control  of  the  will.  That  finish- 
es what  we  have  to  sap  about  habit.  We  pass  on  to  the 


VITAL  FORCE. 

These  words  do  not  represent  a being  independent  of  actions,  but  they 
represent  the  sum  of  those  parts  which  animate  living  bodies  in  distinction 
from  inert  matter.  From  a remote  antiquity  the  differences  between  or- 
ganized "and  inorganized  bodies  have  led  to  the  hypothesis  of  a principle 
underlying  all  activity,  a force  harmonizing  all  the  functions  of  life  and  dl» 
recting  them  to  the  preservation  of  the  and  species Jife.  i his 

ancient  doctrine  has  passed  down  to  us  through  the  ages  almost  unchange 

that  is  the  doctrine  of  a life-principle,  subjecting  animal  life  to  laws  dit- 

ferino-  from  those  of  inanimate  matter,  a force  that  raises  them  above  the 
mere*5 chemical  affinities  and  a free  life-princT^'p?i:aHrfig  the  whole  sys- 
tem securing  functional  harmony  and  promoting  unitary  action  on  the  part 
of  the  organs — this  includes  all  the  organs  of  the  body.  All  the  phenom- 
ena which  we  observe  in  the  living  human  body  are  proofs  of  the  existence  of 
this  life  principle  which  animates  the  body  and  all  the  functions  of  the  ani- 
mal kingdom  establish  it.  The  multitude  of  the  phenomena  in  the  human 
life  are  reduced  to  a focus  by  harmonies,  mutual  connections  and  reciprocal 
independence.  All  the  powers  which  animate  the  separate  0Igan|  unite 
themselves  and  are  combined  together  in  this  life-principle..  This  ital 
power  is  in  constant  conflict  with  the  powers  which  govern  in^ateb^d- 
ies  The  law  of  individual  life  is  always  struggling  against  urm  eisal  nat  • 
Life  is  this  struggle  determined  in  favor  of  the  individual  and  death  is  th  s 
Struggle  determined  against  the  individual;  when  the  individual.  ^ T oimc 
mor?  into  the  lifeless  form.  This  vital  force  Is  constantly  influencing  mod.L  - 
ino-  and  altering  the  physical  laws.  Although  the  pnncipleof  life  is  not  seated 
!ngany  one  orgln,  o'r  part  of  the  living  being  but  an, mates  every  orga n > e 

there  are  in  the  living  body  certain  parts  which  are  more  ali\e  than  oth 
and  from  which  others  derive  their ‘life  and  motion.  These  central  oc,  of 

vitality  gradually  diminish  in  number  in  the  animals  as  we  get  ^rtherawax 
f om  man  so  that  in  the  lower  animals,  life  is  more  genera  ly  diffused  and 
less  cSSi  zed  until  we  reach  in  the  downward  scale  complete  diffusion  of 
lffe,  and*  toss  of  centralization.  This  course  is  not  only  traced  down  into 

the  animal,  but  also  into  the  vegetable  life.  h 

This  vital  force  is  not  the  soul,  for  this  would  bring  us  into  the  realm 
of  metaphysics.  We  can  illustrate  this  point  by  an  example  If  a 
thrust  into  a sensitive  part  of  the  body  a sharp  pain  is  felt-that 


is 


normal- 
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ly — the  fluids  rushing  to  the  injured  part  which  becomes  swollen  and  highly 
sensitive.  All  the  vital  powers  in  this  process  are  quickly  aroused  and  sen- 
sibility becomes  more  acute;  contractility  is  intensified  and  there  is  a rise 
of  temperature. 

This  does  not  mean  that  the  soul  is  awakened,  but  that  the  vi_tal  powers 
of  the  body  are  aroused,  sensibility  and  irritability.  In  this  way  the  vital 
principle  which  watches  over  the  vital  properties  and  protects  its  functions 
comes  to  the  rescue  of  the  injured  organ  and  manifests  its  existence,  first 
by  arousing  and  then  directing  the  action  of  the  vital  powers.  Martyn 
Paine  has  shown  that  there  is  only  one  vital  principle — this  in  opposition  to 
a great  number  of  writers  who  preceded  him  who  tried  to  show  that  there 
were  a number  of  vital  principles.  Organized  matter  possesses  certain  in- 
herent properties  which  manifest  the  phenomena  of  life.  There  are  two  of 
these  inherent  properties:  1st.  Susceptibility,  or  the  capacity  of  receiving 

impressions,  and,  2d.,  vital  affinity  which  produces  atomic  changes  resulting 
from  received  impressions.  Thes'e  constitute  the  elementary  properties  of 
organized  and  living  matter,  whether  in  protoplasm  or  bioplasm  in  virtue  of 
which  there  is  a capacity  of  development.  These  are  the  two  properties  of 
the  vital  force. 


The  human  body  may  be  subjected  to  minute  examination  after  dissec- 
tion under  the  microscope.  From  this  examination  the  matter  of  the  bodv 
is  found  to  consist  of  certain  structural  substances,  which  by  chemical  exam- 
ination are  found  to  possess  certain  characteristics,  the  chief  of  which  is 
that  of  potential  energy,  which  can  be  set  free  by  oxidation  or  other  chemi- 
cal processes. 

The  body  consists,  therefore,  of  several  chemical  substances  which,  on 
the  whole,  contain  a large  amount  of  potential  energy.  This  is  true  of’the 
living  body;  at  death  the  body  contains  still  a largecapital  stock  of  energy 
jut  this  capital  is  soon  exhaustea  under  the  processes  which  accompanv 
putrefaction.  The  body,  once  living,  is  soon  reduced  to  dust  and  the  stock 
which  was  once  stored  in  the  body  is  soon  exhausted  because  there  is  no 
repair  or  replacement. 

In  the  living  body  we  notice  certain  characteristics.  There  are  six  in 
number  and  we  will  name  them  one  by  one. 

1st.  Activity,  represented  in  movements,  either  of  the  body  upon  itself 
or  of  the  entire  body  from  place  to  place,  locomotive  movement  This 
activity  is  essentially  internal  and  represents  the  energy  of  the  bodv  itself 

2d.  External  circumstances  often  determine  this  activity.  Ex.:  Bod- 
ily sensibility  and  contact  form  the  two  bases  of  such  movements. 

3d.  There  is  a continual  process  of  heat  generation,  and  heat  givin-r 
forth,  going  on  in  the  body,  by  which  animal  heat  is  produced  and  preserved 
in  the  body  thus  giving  to  the  body  a normal  temperature aboveits  environ- 
ment and  which  it  imparts  to  other  bodies. 

..  . T£e  hody  is  sustained  by  taking  in  the  food  substance  similar  to 

the  body  substance  assimilating  it  to  the  animal  nature  and  using  it  as  nu- 
triment to  supply  the  body  with  free  energy. 

5th.  By  respiration,  the  body  continually  supplies  itself  with  fresh 
oxygen.  u 

oxidplL  Jfh?Kb°fdy  PVT  ?Ut’  from  t|me  to  time-  waste  matter,  the  result  of 
o£ft.hef°od  substance  or  of  a part  of  the  body  substance.  The 
luing  body,  therefore,  is  to  be  distinguished  from  the  dead  bodv  in  three 
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ist.  It  is  constantly  losing  energy,  and  as  constantly  replenishing  its 
stock  of  energy. 

2nd.  In  the  dead  body,  all  the  liberated  energy  passes  off  in  the  form 
of  heat:  while  in  the  living  body,  it  is  set  free  from  the  body  in  mechanical 
movements,  and  even  while  existing  in  the  body,  it  assumes  forms  that  are 
different  from  heat,  although,  finally  changed  into  heat  in  some  form. 

3rd.  In  the  dead  body  external  bodies  affect  it  only  in  setting  free 
quantities  of  heat  which  result  in  decomposition,  while  in  the  living  body 
the  liberated  energy  assumes  some  form  of  motion  from  the  most  simple 
movements  of  the  body,  or  a part  of  the  body,  to  the  most  violent  and  sud- 
den contortions  of  the  bodily  system. 

The  main  problem  of  physiology,  therefore,  is  to  explain  how  the  liv- 
ing body  can  do  what  the  dead  body  cannot  do,  namely: 

1st.  Restore  its  lost  energy  through  the  renewal  of  its  substance  and, 
2nd.,  give  out  from  itself,  not  only  a certain  amount  of  free  energy  but  a 
certain  kind  of  energy  determinate  and  special.  The  human  body  from  its 
earliest  stages  is  divided  into  parts  which  are  different  from  each  other  and 
become  more  different — the  differentiation  increases  as  growth  advances. 
The  cells  of  the  body  are  differentiated  in  such  a way  that  groups  of  cells 
unite  together  to  form  certain  tissues,  the  whole  body  ultimately  consisting 
of  masses  of  such  tissues,  each  tissue  having  its  own  structure.  Each  tis- 
sue differs,  not  only  in  structure  from  every  other  tissue,  but  ultimately  each 
tissue  assumes  particular  functions,  there  being  an  accurate  division  of  labor 
among  these  tissues.  Aside  from  this  histological  structure  of  tissue,  phy- 
siology takes  account  of  two  divisions  of  tissue.  You  remember  histology 
gives  us  four  divisions,  physiology  reduces  these  to  two. 

The  Physiological  division  is  based  upon  function  or  use. 

1st.  Those  which  are  employed  in  restoring  lost  energy  by  renewing 
the  substance. 

2d.  Those  which  are  used  in  freeing  energy  to  be  converted  into  heat 
and  motion.  In  the  main,  nervous  tissue  is  used  in  the  production  and  dis- 
tribution of  nervous  impulses  and  the  muscular  tissue  in  the  production 
and  direction  of  movements,  these  movements  being  directed  controlled 
and  harmonized  with  the  environments  by  nervous  tissue.  In  any  case, 
energy  is  expended,  and  this  energy  being  converted  into  heat  leaves  the 
body  "either  in  the  form  of  heat  or  mechanical  work.  This  necessitates  the 
replenishing  of  energy  and  the  renewal  of  the  substance.  In  order  to  assist 
these  two  main  tissues  in  the  processes  of  renewal  and  throwing  off  waste 
all  the  organs  of  the  body  are  brought  into  service  to  animalize  the  food 
substance,  and  so  prepare  it  for  use  by  muscular  and  nervous  tissues,  and 
also,  to  take  up  and  finally  eject  from  the  body  its  waste.  From  this  stand- 
point we  have  two  other  kinds  of  tissues,  physiologically. 

ist.  Tissues  of  alimentation  which  take  up  and  prepare  the  food,  and 
2 cl,  tissues  of  excretion  which  clear  away  the  waste  materials  in  order  that 
muscular  and  nervous  tissues  may  have  the  least  trouble  in  the  process  of 
up-building.  These  tissues  are  arranged  in  organs,  and  these  organs  repre- 
sent mechanisms,  whose  movements  are  carried  on  by  muscular  tissue 
under  the  direction  of  nervous  tissue.  Thus  we  have  two  classes  of  muscu- 
lar tissues,  the  one  concerned  with  external  locomotion,  and  the  other  with 
internal  organic  movements.  There  are,  also,  two  classes  of  nervous  tis- 
sues, the  onebearing  upon  the  external  movements,  and  the  other  upon 
internal  movements.  W hen  the  food  substance  is  prepared  foi  nutiiment, 
it  is  carried  to  the  different  tissues  by  means  of  blood,  which,  under  the 
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control  of  the  vascular  system  circulates  all  through  the  body  carrying  nu- 
triment to  the  various  tissues,  and  also,  by  the  respiratory  system,  bearing 
the  oxygen  supply  to  its  tissues  according  to  their  needs — that  is  the  needs 
of  these  tissues — in  the  economy  of  nature.  This,  in  outline,  gives  us  a 
brief  sketch  of  Physiology  as  a science,  and  of  the  physiological  functions, 
of  the  light  thrown  upon  the  subject  by  chemistry,  biology,  anatomy  and 
pathology,  of  the  vital  principle  which  permeates  the  entire  physiological 
subject  and  of  the  complete  harmony  among  the  different  organs  whose 
functions,  though  distinct,  are  part  of  that  unital  arrangement  by  which 
the  human  body  fulfills  its  purpose  in  the  preservation  and  manifestation  of 
the  individual  life  and  in  the  transmission  of  that  life  from  generation  to 
generation  in  the  life  and  history  of  the  species. 

CHAPTER  II.  THE  BLOOD. 

SECTION  I.  The  Oeneral  Physical  and  Physiological  Properties- 

The  different  tissues  of  the  body  are  interlaced  with  a network  of  fine 
\essels,  the  capillaries,  to  which  the  blood  is  carried  by  the  arteries,  and 
from  which  it  is  conveyed  by  the  veins.  The  blood  is  contained  practically 
within  this  tubular  system  and  is  kept  in  circulation  mainly  by  the  force  of 
the  heart’s  action.  This  blood  is  in  reality  a tissue  nf  the  body  and  in  its 
circulation  is  really  concerned  with  the  whole  field  of  physiological  life  and 
.iC\ elopment,  carrying  the  ammalized  materials  to  the  different  tissues; 
cjii  ry i ngLl h e oxyge n a b s o r I > e 1 1 by  the  lungs,  int^  tFeTTssiies:  carrying 
oft  its  waste  pioducts,  anu  assisting  in  the  regulation  of  the  animal  temner- 
ature..  Here  we  are  to  consider  not  this  physiological  action,  but  the  blood 
as  a constituent  element  of  the  body.  That  is,  we  consider  the  constitution 
of  the  blood  rather  than  its  functions.  These  functions  belong  to  the  dif- 
ferent fields  of  physiology  that  follow  in  connection  with  the  different  or- 
gans of  the  body. 

d he_blood  in  its  liquid  form  consists,  of  the  plasma,  also  called  the  liq- 
uor sanguinis,  an  almost  colorless  fluTd  in  which  flow,  at  Hast,  four  different 
kinds  of  corpuscles.  — 

Td^cmjmstii^i.are  minute  bodies,  some  regular  and  some  irregular, 
anf  ,VTJ'l?9'vn  as  the  .red  corpuscles,  the  white  corpuscles  or  leucocvtes, 
the  blood  plates,  plaques  or  platelets,  and  4th,  the  - granules.  The  blood 
plasma  is  colorfggs  when  it  is  free  from  the  corpuscles,  or  of  a faint  straw 
color  when  it  is  seen  in  large  quantities.  This  straw  color  being  due  to  the 
pi,e_s_cnce  in  the  plasma  of  pigment  of  a special  kind. 

1 he  proportion  ot_pjasma  to  corpuscles  in  size  is  usually  stated  about 
442JL-  Tne  blood  plasma  is  the  liquid  part  of  the  blood  before  coagula- 
tion and  differs  from  theblood  serum,  which  is  the  liquid  part  nfTTT  blood 
STUC',(.Z<,<  VUt  ^e  blood  when  it  coagulates,  The  reaction  of  the  blood  is 
aJdaJLm^,  due  to  the  presence  of  the  alkaline  salts  in  the  blood,  chiefly  "“the 
carbonates  of  soda.  In  different  animals  we  find  this  alkalinity  varying. 

ec  oning  it  as  carbonate  of  sodium,  (Nai  CO3  ).  human  blood  corresponds 
to  '35  Pet"  cent  of  this  salt.  This  is  very  important,  because  during  the  pro- 
cess ot  digestion  the  alkaline  reaction  is  said  to  be  increased  while  exercise 
causes  a diminution.  The  specific  gravity  in  thp  flfh'b  male  may  vary  from 
IjQT  to  iTTT.the  .T'erage  being  1,0^,  whereas,  in  the  female  the  variation 
lsjrom  1,041  to  1,070,  the  average  being  i.oso.  It  also  varies  with  age.  It 
is  increased^  .exercise  and  rises  normally  during  the  night,  being,  de- 
c re  a scd.  alter  m e a 1 s , d u r 1 n g the  day  and  after  IiemdfZhage.  The  specific 
gravity  of. th e corpuscles  is  greater  than  that  of  the  plasma,  hence  the  "cofT 
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miscles  when  coagulation  is  prevented,  tend  to  sink— that  is,  to  sink  in  the 
vPlaspm»1This  specific  gravity,  varies  among  these  corpuscles  themselves— 
the (fe^cgfpuscles  being  heaviest  and  the  plaques  hpinpr  liph^st  The  rr-H- 
n£ss-bl_the  blood  is  cUie  to  these  corpuscles.  Theolasma  in  the  living  ves- 
sels appears  to  be  colorless  as  does  tne  serum  in  thin  layers — in  thick  lay- 
ers the  plasma  and  serum  have  a slight  yellow  color  due  to  the  presence  of 
pigment.  These  red  corpuscles  in  man,  and  in  the  mammals,  except  the  cam- 
els who  are  of  the  camelidm  family,  are  bi-concave  discs  without  nuclei  with 
a diameter  of  from  7 to  8 micra,  (one  micron  equalling  .001  mm)  and  a 
thickness  of  one  to  two  micra.  Being  discs  they  are  circular  when  viewed 
on  the  flat  and  rod  shaped  when  viewed  on  the  profile.  In  number  they 
vary  much  in  health  and  during  sickness,  the  average  being  five  millions  per 
cubic  millimeter  in  the  male  and  four  million  five  hundred  thousand,  in  the 
female — this  number  is  affected  by  increase  or  decrease  of  the  plasma,  or  by 
increase  or  decrease  of  the  the  red  corpuscles.  The  number  varies  with  th^ 
constitution,  nutrition  and  manner  of  life,  and  also  with  age:  they  are  great- 
est in  the  foetus  and  new  born  child!  It  varies  also  w.ith  altitude — a high 
altitude  increasing  the  number  of  corpuscles;  a diminished  pressure  of  oxy- 
gen in  the  air  increases  the  production  of  these  corpuscles.  The  increase 
or  decrease  in  the  number  of  corpuscles  takes  place  in  normal  conditions 
according  to  the  changes  in  the  tissues  and  by  the  presence  or  absence  of 
water  in  the  blood,  and  also  by  abnormal  conditions  relating  to  the  number 
and  size  of  the  corpuscles — these  abnormal  conditions  belong  to  pathol- 
ogy, not  to  physiology.  The  red  color  of  the  corpuscles  is  due  to  the  pres- 
ence of  haemoglobin^  and  this  may  also  determine  tEe  condition  of  the 
blood,  w hefh e 1TT0 r m a 1 or  abnormal.  When  seen  microscopically  these  cor- 
puscles, taken  singly,  have  a faint  red  color,  yellowized;  but  when  they  are 
seen  in  masses  they  are  blood  red,  varying  from  the  scarlet  red  of  arterial 
blood  to  the  purple  red  of  venous,  this  variation  being  due  to  the  amount 
of  oxygen  in  combination  with  haemoglobin.  The  red  corpuscle  is  elastic 
as  it  may  be  deflected  under  pressure,  resuming  its  original  form  after  the 
removal  of  the  pressure.  The  shape  of  the  red  corpuscles,  therefore,  de- 
pends  upon  physical  conditions  of  the  plasma,  serum,  or  the  fluid  in  which 
they  are  t timid  tor  the  time.  These  corpuscles  consist  of  a colorless  frame- 
work  (not  compact),  which  is  spoken  of  as  the  stroma.  This  stroma  is  a 
diffeientiated  protoplasm  consisting  of  proteid  substance  and  other  matter. 
This  stroma  is  normally  associated  with  haemoglobin,  which  may  be  anal- 
yzed into  proteid  matter  of  the  globulin  family,  and  the  coloring  pigment 
of  haematin.  In  general  the  function  of  the  red  corpuscles  is  to  carry  ox- 
ygen from  the  lungs  to  the  various  tissues.  This  function  depends  upon 
the  presence  of  hannoglobin,  which  easily  combines  with  oxygen  gas.  Of 
the"  totaTsolTd  matter  ort'lTe"'corpuscie  about  95  per  cent  is  haemoglobin. 
The  combination  of  the  haemoglobin  and  stroma  is  not  known,  physiolog- 
ically. In  laky  blood  the  corpuscles  are  broken  up  and  the  haemoglobin  is 
set  free  passing  into  the  plasma  in  solution,  the  redness  being  diffuse  Ain 
theTerutrf  NormarBlbbcI  is  opaque,  due  to  the  reflection  of  light  from 
the  surface  of  several  corpuscles.  cLaky  blood,  on  the  other  hand,  is  trans- 
parent because  there  is  no  longer  the  surfaces  oT  the  corpuscles  Id  reflect 
the  light.  The  blood  may  be  made  laky  either  by  ether,  chloroform  or  bile, 
and  this  is  the  abnormal  condition  that  we  find  sometimes  in-  the  living 
bodies  as  well  as  by  the  addition  of  a large  excess  of  water.  Landois,  by 
several  experiments,  has  shown  that  thejserum  of  one  animal  s blood  may 
render  laky  blood  of  another  animal — a condition  that  is  of  some  .jtnpoit- 
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ance  in  the  subject  of  transfusion,  an  abnormal  condition  of  the  blood. 
This  'property  is •called  globulicidality,  different  kinds,  ot  serum  possessing 
this  property  in  different  degrees.  If  the  blood  is  diluted  with  water,  the 
blood  becames  laky  after  a certain  point  is  reached.  The  quantity  of  water 
required  differing  in  different  animals.  In  th£  red  .corpuscles  a certain 
amount  of  water  is  present  normally ; the  amount  being  determined  by  the 
substance— the  substance  of  the  corpuscles — and  the  attraction  of  surround- 
ing liquids.  If  this  attraction  is  diminished  or  destroyed,  water  passes  free- 
ly into  the  corpuscles,  and  forces  out  the  haemoglobin.  Liquids  containing 
inorganic  salt^_sufficient  in  quantities  to  prevent  the  corpiilcles  imbibing 
water  are~spoken  of  as  isotonics  to  the  corpusjJHs^-that  is  tLese.-saJ-ts_ .pre- 
vent.the  corpuscles  dissolving  and  giving  upthpl'r  heemng-lnhin  Ex.,  Sodi- 
um  Chloride  0.65  per  cent  solution  acts  as  such  an  isotonic.  There  are"~a 
number  of  other  isotonics,  but  this  is  tne  one  that  works  the  most  perfect. 

Haem oglobin  i s a very  complex  substance  of  the  compound  protei d 
class.  When  analyzed  ft  is  found  to  consist  of  96  per  cent  of proteid  (glob- 
ulin) and  4 per  cent  of  pigment  (haematin);  In  the  absence  of  oxygen 
decomposition  produces  globulin  and  haemachromagen  (this  last  is  a com- 
pound substance),  when  oxygen  is  present  under  oxidation  giving  place  to 
haematin.  This  compound  substance  combines  readily  with  'oxygen  and 
gives  it  its  absorbent  power,  giving  to  the  haemoglobin  its  physiological 
property,  which  is  utilized  in  respiration— that  is  carrying  the  air  from  the 
lungs  to  the  tissues.  Haemoglobin  seems  to  be  different  in  different  animals, 
theamount  varying  with  the  individual  and  with  the  condition  of  life. 

In  the  blood  of  a man  weighing  68  kilograms — that  is  150  pounds — 
there  are  found  about  750  grams — 1.65  lbs. — of  haemoglobin  distributed 
among  25  trillions  of  corpuscles.  This  vast  extent  of  the  haemoglobin  is 
used  for  absorbing  oxygen  in  the  lungs,  the  bi-concave  form  of  the  corpus- 
cles increasing  the  surface,  which  is  open  to  the  air’s  action.  Haemoglobin 
u nites  freely  with  air,  forming  a chemical  compound  known  as  nxv.- liamae- 
globin.  This  combination,  tne  oxv-hsemoglobin,  is  not  very  stable,  so.  that 
it  |he  compound  is  placed  where  nvygen  does  not  exist  it  gives  off  its  load 
of  oxvgema  property  of  the  blood  which  is  of  great  use  in  respiration.  The 
haemoglobin  unites  with  carbon  monoxide  (CO),  to  form  a very  stable 
compound,  for  this  reason,  the  inhaling  of  the  carbon  monoxide  gas  results 
generally  in  death  by  asphyxia.  This  carbon  monoxide  gas,  of  course,  is 
found  in  the  coal  gas.  That  is  one  reason  why  coal  gas  is  so  fatal.  The 
same  is  true  of  nitric  oxide  (NO). 

Iron  is  found  to  be  present  in  the  haemoglobin,  varying  in  different  an- 
imals; the  per  cent  being  from  .34  to  .48.  This  iron  element  is  of  great  val- 
ue in  combining  with  oxygen.  Each  atom  of  iron  in  the  haemoglobin  mol- 
ecule combining  with  it  one  molecule  of  oxygen.  Oxy-haemoglobin  may 
be  found  in  crystal  form,  the  power  of  crystallization  varying  in  the  blood 
of  different  animals.  If  we  take  some  blood  and  put  it  into  a test  tube, 
then  add  a few  drops  of  ether,  shake  the  blood  until  it  becomes  laky — you 
know  we  said  ether  and  chloroform  were  substances  which  produce  that  con- 
dition, shake  the  blood  until  it  becomes  laky,  and  then  put  the  tube  on  ice 
until  the  crystals  deposit.  Small  portions  of  this  crystal  may  be  examined 
under  the  microscope.  These  crystals  assume  different  forms  in  different 
animals.  In  man  and  most  of  the  animals  the)'  assume  the  rhombic  prism 
form.  Haemoglobin  in  solution,  examined  under  the  spectroscope,  gives 
characteristic  absorption  bands. 

The  red  corpuscle  is  a cell  that  has  lost  its  nucleus*  The  corpuscles 
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thci^fore,  dojiot  live  long  in  circulation — that  is  in  their  individual  form. 
ThebiTe  pigment' discharged  from  the  liver  is  derived  from  haematin. 
which  is  a decomposed  product  of  haemoglobin.  As  these  pfgments  are 
continually  excreted  the  red  corpuscles,  Which  supply  the  haemoglobin 
must  be  constantly  destroyed  in  a normal  state  of  health.  It  was  formerly 
believed  that  the  spleen,  where  red  corpuscles  have-been  found  in  various 
stages  of  decomposition,  that  the  destruction  of  these  corpuscles  takes 
place  in  the  spleen.  Later  researches, "however,' "Rave  shown  fhat  the  blood 
oftKe  splenic  vein  contalHEHo  haemoglobin  in  solution/ 
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Tt  is  more 

able  thatno  'special  organ  or  tissue  destroys  these  red  corpuscles — that  is,  it 
has  no  special  function — but  that  the  process  of  dissolution  goes  on  in  any 
part  of  the  circulation,  the  haemoglobin  thus  set  free  going  to  the  liver  and 
being. excreted  as  bile  pigment.  This  constant  destruction  of  red  corpus- 
cles demands  a constant  formation  of  new  ones.  In  adult  life  the  red  mar- 
row of  the  bones  is  the  great  reproducer  of  the  red  corpuscles...  In  the 
passages  of  the  capillaries  and  minute  veins  of  the  marrow  are  found  nucle- 
ated colorless  cells,  these  being  transformed  into  non-nucleated  cells,  and 
then  passing  into  the  blood  as  red  corpuscles.  In  the  embryonic  life  this 
process  goes  on  .in  other  parts  of  the  body,  such  as  the  spleen  and  the  liver, 
as  well  as  in  the  red  marrow  of  the  bones. 

The  white  corpuscles  or  leucocytes. 
red  corpuscles,  the  variation  ranging  from 

in  seven  hundred.  Although  they  are  less  in  number,  they  seem 
greater  importance  in  their  relation  to  the  blood.  At  rest  they 
less,  irregular,  spherical  masses,  varying  in  size  with  an  average  diameter  of 
ten  micra  and  of  a coarse  granular  form.  Tligy—often  change  their  form 
and  thus  possess  amoeboid _mQ.vements.  In  these  movements  the  spherical 
form  of  the  corpuscles  may  be  changed  to  the  flat  plate  form  in  which  it 
displays  a nucleus  and  sometimes  two  or  more  nuclei.  These  leucocytes 
are  examples  of  undifferentiated  protoplasm.  The  whole  corpuscle  contains 
a large  proportion  of  its  substance,  water,  only  ten  per  cent  being  solid. 
This  small  solid  proportion  consists  chiefly  of  proteids,  for  example  myosin, 
similar  to,  if  not  the  same  as  muscle  myosin,  paraglobulin,  nuclein,  contain- 
ing a large  quantity  of  phosphorous.  In  addition  to  the  proteids  we  find 
fatty  matter,  starch  and  sugar- — not  in  their  cle^r  form — together  with  quan- 
tities of  potassium  and  phosphorus.  The  blood  leucocytes  are  of  different 
kinds,  the  chief  characteristic  being  the  amoeboid  movements,  by  which  they 
readily  pass  about  absorbing  into  their  substance  fatty  or  pigmentary  sub- 
stance, wandering  about  from  place  to  place,  and  even  passing  through  the 
vessel  walls  as  in  diapedesis.  This  process  takes  place  to  a slight  extent 
normally,  but  is  largely  increased  by  inflammation.  Sometimes  they  aie 
called  migratory  or  wandering  cells.  Various  classifications  have  been  gi\  - 
en  of  these  corpuscles.  In  recent  times  they  are  usually  spoken  of  as  three 

in  number.  . . . 

1st.  The  lymphocytes : small  corpuscles  with  a round  \ esiculai  nuclg- 

us,  incapable  of  amoeboid  movements.  These  resemble  The  leucocx  tes. 
They  are  found  in  the  lymphatic  glands,  and,  in  fact  they  pass  into  the 


^ _ , in  fact  th< 

blood  from  the  lymphatics,  supplying  the  blood  with  new  white  corpuscles. 

2nd.  Mononuclear  leucocytes.  These  are  medium  sized  coipuscles 
with  a vesicular  nucleus,  and  possessing  amoeboid  movements. 

3rd.  Poly-nucleated  leucocytes.  These  are  large  corpuscles  with  a tri- 
partite nucleus,  and  .they  show  active  a men  bo  id  movements.  According  to 
some  physiologists  these  different  classes  of  corpuscles  represent  progress- 
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ive  stages  of  the  corpuscular  development.  The  difference  in  form  de- 
pending upon  the  stage  of  development.  Other  physiologists  regard  the 
corpuscles  as  all  belonging  to  one  family,  the  difference  being  due  to  the 
taking  in  of  granules  or  the  production  within  the  cell  itself  of  certain  gran- 
ules as  products  of  metabolism.  The  functions  of  these  corpuscles  are  nu- 
merous. We  may  classify  them  under  four  heads. 

1st.  They  aid  in  absorption,  for  example,  the  absorption  of  fats  and 
proteids  from  the  intestine.  In  this  case  the  absorption  takes  place  in  the 
lymphatic  tissue  of  the  alimentary  canal  by  the  lymphocytes. 

2nd.  They  aid  in  the  process  of  coagulation. 

3d.  They  help  to  maintain  in  normal  condition  all  the  blood  plasma  by 
supplying  it  with  proteid  matter. 

4th.  They  are  said  to  protect  the  blood  from  the  pathogenic  bacteria. 

It  is  claimed  that  these  leucocytes  either  eat  up  the  foreign  substance 
introduced  into  the  blood,  hence  they  are  called  sometimes  phagocytes,  or 
else  the\- form  certain  substances  which  destroy  these  foreign  substances. 
This  is  the  basis  of  the  theory  of  immunity  from  infectious  disease  effected 
by  inoculation,  e.  g.  vaccination. 

The  Blood  Plates  or  Plaques. — These  are  small  disc  shaped  or  ir- 
regularly rounded  bodies,  ranging  in  size  from  .5  to  5 micra  in  diameter,  but 
homogeneous  in  their  structure.  According  to  Havem  they  were  early 
stages  of  the  developing  red  corpuscles  and  he  calls  them  haemat oblasts: 
thTsThowever,  from  later  research  is  erroneous.  On  removal  from  circ'ulat- 
ing  blood  they  rapidly  dissolve,  and  this  dissolution  for  a length  of  time 
prevented  their  microscopic  examination.  They  exist  in  the  blood  itself 
and  are  not  products  of  coagulation.  Lilienfield  has  shown  that  they  con- 
sist ot  a nucleo-albumin  wFich  is  f'ound,  also,  in  the  nuclei  of  leucocytes. 
When  these  poly-nucleated  leucocytes  dissolve  in  the  blood,  these  nuclear 
fiagments  exist  lor  a time  as  plates  or  plaques.  If  this  statement  is  true 
the  function  of  these  plates  is  either  to  build  up  the  plasma  or  they  form  a 
waste  which  is  thrown  off  through  the  plasma  from  the  body,  in  addition  to 
aiding  in  the  piocess  of  coagulation^  Gibson  calls  them  colorless  micro- 
cytes. 

I he  4th  kind  of  corpuscles;  elementary  granules:  These  consist  of  fatty 
substance  derived  from  the  chyle  and  small  protoplasmic  germs  produced 
by  fhe  lymphatic  glands.  The}’  constitute  the  smallest  and  undifferentiated 
elements  that  are  found  in  the  blood. 


SECTION  2.  Chemical  Composition  of  the  Blood- 

The  blood,  including  the  plasma  and  the  corpuscles,  contains  a great 
number  of  substances,  the  chief  chemical  interests  of  the  blood  being 
found  in  the  changes  which  it  undergoes  in  the  several  tissues,  and  as  a 
source  of  food  supply,  and  also,  in  carrying  off  the  waste  products.  The 
whole  blood  contains  gases  in  certain  proportions,  chiefly  the  three  gases- 
oxygen  carbon  dioxide,  nitrogen.  These  gases  "vary  in  the  different  kinds 
ot  blood,  ana  especially  distinguish  arterial  blood  from  venous  blood.  In  a 
quantity  of  blood  containing  a hundred  volumes,  we  find  the  following 

nmnnrfir^nc  in  t /*  r urr»  1 r ! n /-I  r.  C L ta  ^ j . 


j Arterial  blood' 
i Venous  blood 
The  plasma  is  resolved 
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into  serum  and  fibrin. 
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corpuscles  retain  the  proper  quantify  of  water  necessary  to  their  integrity, 
then  the  blood  consists  of  from  1-3  to  1-2  by  weight  of  corpuscles,  the  rest 
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,a. 11  a b 1 ITIIA° u L‘C i 1 1 trogen o u s food  to  the  different  tissues ‘ buf  whether 

uncertain  Serum  albumin:  This  is  a J^pmal^proteid  showing  thPe  general 
leac  ion  of  albumin.  In  the  blood  it  ^ximprises  alfthe  proteids  that  are 
not  precipitated  by  the  sulphate  of  magnesium  (Mg  SO4T  It  is  said  that 
eating  undei  proper  conditions  gives  coagulation  at  three  different  tem- 

?m n,  ieS’  1?dl?atl"gfthe  pi-esence  of  the  three  proteids  mentioned.  The 
amount  vanes  in  different  animals;  in  man  being  about  4.5  per  cent.  It  is 
generally  believed  to  arise  from  the  digested  products  of  the  food,  not  be- 

foVini^th!  blood®  P''OCe5S  °f  d,gestlon’  but  dun'"g  act  of  absorp- 

• , Physiologically  this  serum  albumin  is  the  chief  proteid  nour- 

ish^jejiUor  the  tissues  of  .the  body,  furnishing  parLoilhe  proteid  material 
made  use  of  in  the  metabolisnyof  t he  tissues.  . The  fatty  substances;  which 
are  scarce,  except  after  meals  or  under  pathological  conditions  consist  o.f 
the  neutral  fats,  for  example:  Stearin,  palmatin  and  olein  with  a certain 
quantity  of  their  respective  alkalmes.  Among  the  'extractives  we  find 
nearly  all  the  extractives  of  the  body  and  the  food,  for  example:  Simar 

ivTeaI  1 krfatlnT  et-C'  The  chief  chemical  feature  of  the  saline  constitution  of 
the  blood— that  is  the  blood  plasma— is  the  predominance  of  sodium  over 
potassium  salts,  the  abundance  of  chlorides  and  the  presence  of  phosphates 
or  their  presence  in  very  small  quantities.  The  red  bloJa^rmisnW contain 
about  60  per  cent,  of  water  and  40  per  cent.  oFsolidsTfO  per  cent,  of  the 
40  pei  cent.  Deing  organic,  chiefly  haemoglobin,  to  the  extent  of  per 
cent.,  that  is  the  haemaglobin.  We  find  about  1 per  cent,  of  lecithin  and 
cholestenn.  The  salts  consist  chiefly  of  potassium  and  .5  of  magnesium, 
calcium  and  only  very  small  traces  of  chloride  of  sodium!  The  chief  acid 
is  phosphoiic  acid,  about  .2  per  cent,  combined  with  potassium  to  form  the 
p losphates.^  In  the  white  corpuscles  the  chief  proteids  consist  of  myosin 
and  paraglobulin.  In  the  nuclei  we  find  nuclein.  We  also  find  lecithuTand 
othei  fats,  glycogen,  the  extractives  and  the  inorganic  salts,  the  potassium 
salts  predominating. 

SECTION  III ■ Coagulation  of  the  Blood- 

The  blood  when  shed  from  the  living  body  is  perfectly  liquid.  Soon, 
however , it  becomes  coagulated,  and  this  viscidity  is  one  of  the  most  impor- 
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tant  properties  of  the  blood,  after  it  escapes  from  the  body.  The  process 
of  coagulation  is  easily  followed.  The  blood  when  shed  from  the  vessels 
very  soon  becomes  viscous  and  then  settles  into  a jelly  or  gelatinous  condi- 
tion. quickly  becomes  more  firm,  thus  preserving  the  mould  oi.th.e  . vessel. 

If  the  blood  is  left  in  this  jelly  condition  however  it  becomes  more  com- 
pact; it  shrinks  and  yields  a quantity  of  faintly  yellow  colored  fluid  which 
is  called  the  blood  serum.  This  liquid  appears  first  in  layers  on  the  top, 
then  around  the  sides,  and  last  on  the  bottom  surfaces  of  the  compact  sub- 
stance—the  gelatinous  substance.  This  jelly  substance  after  shrinking 
assumes  a more  solid  consistency,  forming  a clot,  or,  as  it  is  sometimes 
called  in  its  Latin  form,  crassamentum.  In  the  process  of  clotting  the  upper 
surface  becomes  slightly  concave;  the  clot  itself  assuming  the  form  of  a 
network  of  fine  fibrils,  in  the  midst  of  which  are  found  entangled  the  red 
and  white  corpuscles.  These  fibrils  are  found  to  be  composed  of  fibrin,  an 
insoluble  proteid  not  present  in  the  normal  blood.  This  fibrin  appears  in 
the  fine  threads  which  hold  the  clot  in  its  gelatinous  condition;  the  corpus- 
cles being  held  firmly  in  the  filaments  of  this  fibrin. ._  The  w hite.-cm~ puscLe s 
on  account  of  their  capacity  for  amoeboid  movements  often  pass  out  into 
the  serum.  If  the  blood  is  shaken  after  being  drawn  the  filaments  are 
broken  and  the  serum  becomes  red  instead  of  pale  yellow,  due  to  the  pres- 
ence of  the  red  corpuscles. 

If  the  blood  is  vigorously  whipped  with  a bundle  of  rods  the  fibrin  will 
be  deposited  on  the  rods  and  the  liquid  then  left  will  consist  of  serum  and 
blood  corpuscles.  This  whipped  blood  is  called  defibrinated  blood .V4'- 
resembling  o r d i n ary'^'blffocl  with  this  exception^  that  it  cannot  clot  v* 
again.  The  Physiological  value  of  coagulation  is  that  it  causes  haemorrhage  '•  / 
to  cease  by  binding  up  the  wounded  vessel.  The  time  taken  for  clotting 
varies fbut,  normally  in  human  blood  it  becomes  viscous,  that  is  the  first 
stage,  in  from  two  to  three  minutes,  assuming  the  jelly  form,  the  second 
stage,  in  from  six  to  ten  minutes.  In  a few  minutes  more  the  first  serum 
drops,  representing  the  third  stage,  appear,  and  this  goes  on  gradually,  being 
usually  completed  in  from  ten  to  forty-eight  hours. 

In  the  blood  of  the  horse  the  process  of  coagulation  is  slow,  allowing 
the  red  corpuscles  and  some  of  the  white  to  sink  to  the  bottom  before  vis- 
cidity begins  so  that  the  upper  part  of  the  clot  assumes  a lighter  color, 
while  the  lower  part  of  the  clot  is  a dark  red  color.  The  upper  part  of  this 
clot  is  called  the  buffy  coat,  and  the  clot  is  said  to  be  buffed.  The  blood  of 
the  pigeon  clots  almost  as  soon  as  it  is  shed,  some  say  even  in  the  process 
of  shedding;  whereas  the  blood  of  the  chicken  may  not  coagulate  for  ten  or 
twelve  days,  retaining  its  liquid  form  for  that  length  of  time.  The  clotting 
may  he  accelerated  by  the  fo flowing  circumstances: 

1st.  By  the  presence  of  Oxygen,  viz.,  the  free  access  q/  the  air. 

2d.  In  a temperature  a little  above  that  of  the  blood,  for  example,  hot 
■sponges  or  fomentations  applied  to  a wound  accelerate  clotting. 

3cl.  Contact  with  foreign  -hodie^-or  the  increase  of  the  extent  of  the 
substance  with  which  the  blood  comes  into  contact,  for  example,  the  extent 
of  the  vessel  in  which  the  blood  is  placed.  Blood  will  also  coagulate  in  a 
vacuunj,  but  this  may  be  prevented  by  taking  precautions  to  prevent  agita- 
tion of  the  blood  and  by  keeping  the  temperature  of  the-vessel  nearly,  that 
of  the  blood  vessel  from  which  the  blood  has  been  taken.  Coagulation  is 
retarded  and  may  even  be  prevented  altogether: 

1st.  Jlv  the  absence  nf-.I.lxygrn  This  may  seem  to  conflict  with  the 
statement  we  made  before  in  connection  with  the  vacuum.  But  in  the 
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\ acuum  we  have  a peculiar  condition  depending  upon  pressere  and  also  the 
piesence  01  absence  of  certain  gases  in  the  blood  which  is  not  a normal 
condition  of  the  blood  as  we  find  it  in  the  vacuum,  and  this  is  the  reason 
why  in  the  vacuum  we  have  the  tendency  to  accelerate  rather  than  retard 
coagulation. 

2nd.  By  a temperature  below  zero  or  abovebo  degrees  centigrade.  For 
example,  blood  from  animals  which"  normally  clots  slowly  may  be  put  into 
narrow  vessels  surrounded  with  ice.  In  this  case  coagulation  is  retarded, 
the  process  of  coagulation  is  retarded,  and  may  be  even  prevented.  Blood 
in  this  way  may  be  kept  for  an  indefinite  time  in  a fluid  condition.  The  cor- 
puscles sink — that  is  in  this  condition  when  the  blood  is  put  in  a nar- 
row vessel  surrounded  by  ice — and  in  this  way  we  get  the  pure  blood  plasma. 

3d.  By  the  addition  of  neutral  salts,  for  example,  Sulphate  of  soda, 
Magnesium  sulphate,  carbonates  of  sodium  and  potassium,  the  nitrate  of 
potassium,  and  the  alkaline  chlorides.  In  this  case  the  corpuscles  settle  and 
we  get  plasma  that  is  known  as  salted  plasma  due  to  the  presence  of  these 
neutral  salts.  The  best  solution  to  use  when  securing  this  salted  plasma  is 
a solution  of  27  per  cent  magnesium  sulphate. 

4th.  By  saturation  of  the  blood  with  carbon  dioxide  (CO2 

5th.  By  certain  albumose  solutions^  Some  of  the  products  of  proteid 
digestion,  for  example,  peptones  and  albumoses.  These  injected  into  the 
blood  in  the  living  vesselretard  coagulation  for  a long  time — we  speak  of 
the  living  vessel  for  even  in  a case  of  death  of  the  body,  the  vessel  lives  after 
the  death  of  the  body  for  a certain  time — that  is  why  we  mention  the  living 
vessel  after  death — the  death  of  the  body  or  after  its  removal  from  the 
body. 

6th.  By  the  use  of  an  extract  from  the  heads  of  leeches. 

Normally  coagulation  does  not  take  place  while  the  blood  is  in  circula- 
tion through  the  vessels.  It  would  seem  that  the  living  walls  of  the  vessels, 
the  lining  membrane  of  the  walls  of  the  vessels  prevents  this  clotting.  Many 
of  the  conditions  that  we  find  in  the  living  body  are  favorable  to  coagula- 
tion, but  in  addition  to  these  conditions  the  blood  continues  to  sustain  an 
intimate  relation  to  the  living  tissue.  For  example,  if  the  base  of  a frog’s 
heart  be  ligatured  while  pulsating,  the  blood  remains  fluid  in  the  beating 
heart — that  is,  the  heart  of  the  frog  continues  for  two  or  three  days  in  this 
condition — so  that  the  process  of  ligature  is  quite  easy.  But  if  the  heart  be 
punctured,  the  drop  that  oozes  out  from  the  puncture  coagulates  almost 
instantaneously.  Lister  maintains  that  coagulation  is  produced  by  contact 
with  foreign  bodies,  and  he  says  that  this  is  the  only  cause  of  coagulation. 
In  the  case  that  we  mentioned,  that  is  the  case  of  the  frog’s  heart,  he  savs 
that  the  blood  was  kept  agitated  by  the  heart’s  beat.  But  the  blood  will 
continue  fluid  in  an  artery  between  two  ligatures  for  a considerable  time, 
and  that,  of  course,  is  independent  of  the  beat.  Blood  coagulates  more 
slowly  in  a dead  vessel — that  is  a dead  vessel  that  once  was  alive  in  the  liv- 
ing body — than  when  shed  and  placed  in  an  artificial  vessel.  Coagulation 
first  commences  in  the  heart  and  the  larger  vessels,  then  passes  to  the  inter- 
mediate vessels,  and  last  of  all  to  the  smallest  vessels.  In  the  case  of  the 
smallest  vessels,  decomposition  sometimes  sets  in  before  coagulation  takes 
place.  The  cause  of  coagulation  and  the  theories  of  explaining  it  are  as 
yet  shrouded  in  mystery.  Two  things  are  to  be  explained  in  connection 
with  coagulation. 

1st.  The  formation  of  fibrin,  and  second,  the  questionof  the  derivation 
of  fibrin  from  the  fibrinogen  of  the  plasma.  Hewson  in  1772  was  the  first 
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to  state  that  fibrin  was  disolved  in  the  blood,  and  that  it  coagulated  to  form 
a clot.  Prof.  Buchanan,  at  one  time  Prof,  of  the  University  of  Glasgow  in 
Scotland  in  1845  showed  that  two  substances  are  necessary  in  order  to  form 
fibrin,  by  proving  that  certain  fluids,  for  example,  Hydrocele  fluid,  which 
do  not  coagulate  spontaneously  undergo  this  change,  when  part  of  a clot, 
or  fluid  from  the  clot  are  added  to  it.  He  concluded  from  this  that  there 
is  a soluble  fibrin  which,  when  acted  upon  by  the  colorless  blood  corpuscles 
—the  white  corpuscles-?-produces  fibrin. 

Schmidt,  who  has  investigated  the  subject  for  over  thirty  years,  has 
given  us  the  most  recent  theory  of  coagulation. 

At  first  he  discovered  fibrinogen  (thus  was  away  back  in  the  ’60s,  about 
61  or  62,)  which  he  found  in  the  blood  plasma  and  in  the  lymph,  belonging 
to  the  globulin  family  of  albuminous  bodies,  fibrin  being  formed  by  a union 
of  fibrinogen  with  fibrinoplastin  or  paraglobuHn— This  last,  also,  is  of  the 
globulin  family  derived  from  t he  blood  ■riorum.  C/Jc-asO — 

SchmidPs  latest  theory— which  \veLfija44«-cQiiriectinn  with  lxia.xesearch.es 
of  about  three  years  ago,  1804.  in  regard  to  coagulation,  is  that  three  condi- 
tions are  necessary  to  produce  coagulation.  1st,  certain  proteids.  the  two 
globulins  of  the  blood.  Out  of  the  paraglobulin  is  formed  the  fibririop-en.  //. 
and  this  fibrinogen  is  changed  into  fibrin. 

2d.  The  fibrin  ferment  is  necessary  in  order  to  effect  these  changes. 
This  ferment  Schmidt  calls  thrombin. 

3d.  A certain  quantity  of  neutral  salts  is  necessary  in  order  to  precioi- 
tate  fibrin  in  its  insoluble  form — that  is  as  we  find  it  in  the  clot.  This  fer- 
ment he  formed  by  adding  to  the  serum  of  ox  blood  twenty  times  its  volume 
of  strong  alcohol,  setting  it  aside  for  a month.  After  the  close  of  the 
month  the  coagulated  proteids  were  extracted  by  means  of  distilled  water, 
and  in  this  way  there  was  obtained  a solution  containing  small  quantities  of 
proteid — a solution  which  he  found  to  assist,  and  also  to  induce  coagulation. 

He  did  not  go  so  far  as  to  use  the  word  produce,  but  to  induce,  to  assist  and 
induce  coagulation.  Schmidt  held  that  this  ferment  was  formed  in  shed 
blood  by  the  disintegration  of  the  leucocytes  or  white  corpuscles.  At  the 
present  time  it  is  believed  that  there  is  derived  from  this  disintegration  of 
the  leucocytes  and  also  from  the  disintegration  of  the  microcytes — these  are 
the  blood  plates  called  microcytes — a ferment  necessary  to  coagulation. 

So  far  as  our  knowledge  extends  at  the  presen rtTme,  we  conclude  "tliat  the 
formation  of  fibrin  is  due  to  the  action  of  this  fibrin  ferment  upon  fibrinogen 
and  that  both  of  these— both  the  fibrin  and  'the* "fibrinogen— originate  from 
the  colorless  corpuscles— the  leucocytes  and  the  microcytes.  The  blood 
does  not  clot  within  the  vessels,  normally,  except  in  the  case  of  intra-vascu- 
lar  clotting  by  the  introduction  of  some  foreign  substance,  which  either 
injures  the  inner  lining  of  the  vessels,  or  acts  as  a ferment  on  the  blood. 

The  reason  of  its  not  clotting  in  the  vessel  is  that  the  nucleo-proteids  are 
n°j  present  in  the  bloocT  in  sufficient  quantities  at  any  one  time  to  produce 
coagulation.  e 

In  the  formation  ojjhe  fibrin  the  leucocytes  and  the  microcytes  disin- 
tegrate in  the  blood  in  circulation,  but  this  does  not  take  place  to  a suffi- 
c;ent  extent  to  form  a ferment  on  account  of  the  defensive  activity  of  the 
cells  lining  the  interior  of  the  vessels.  When  this  defensive  cause  is  removed 
in  shed  blood,  these  nucleo-proteids  combine  with  salts  to  form  fibrinogen 
and  fibrin  with  the  result  of  the  coagulation  of  the  blood.  This  point  may 
be  accepted  as  settled  in  Physiology,  viz.:  that  coagulation  is  due  to  the 
formation  of  fibrin  the  mysterious  point,  of  course',  is  in  connection  with 
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the  form  of  that  fibrin— how  the  formation  takes  place.  We  also  know  that 
this  does  not  take  place  in  the  blood  normally,  but  that  it  is  formed  by  th.- 
union  of  fibrinogen  and  paraglobulin,  probably  under  the  influence  of  the 
fibrin  ferment.  Fibrinogen  exists  in  the  blood  "plasma  and  paraglobulin 
also  exists  in  the  blood,  principally  in  the  corpuscles  some  I'm.  mhee  ‘ 
say  irTEtre~white  corpuscles  mid  some~~say  in  the  red  corpuscles.  Some 
Physiologists  say  that  the  reason  why  the  blood  does  not'  coagulate  in  the 
living  vessel  is  that  the  fibrin  and  the  paraglobulin*  are  both  contained  in 
the  white  corpuscles;  that  the  fibrin  ferment  is  also  derived  from  the  white 
corpuscles,  and  as  long  as  these  white  corpuscles  remain  intact,  none  of 
these  substances,  the  fibrinogen,  paraglobulin  or  fibrin,  can  escape  so  as  to 
form  by  union  the  fibrin.  If  this  disintegration  of  these  white  corpuscles 
takes  place,  these  three  substances  escape  and  the  result  is  the  fibrin  is 
formed,  and,  of  course,  coagulation  results.  This  disintegration  of  the 
white  corpuscles  takes  place  when  the  blood  is  shed" from  the  livings  vessels, 
and  also  when  the  epithelial  lining  of  the  vessel  js  injured  or  destroyed.  In 
the  former  pase  we  have  blood  coagulation,  in  the  latter  case  we  have  intra- 
vasculaf~clotting  or  thrombosis — a condition  that  is  associated  with  the  term 
that  was  used  by  Schmidt  to  represent  the  ferment,  thrombin.  The  blood 
may  be  regarded  as  a tissue— like  the  other  tissues  of  the  body — made  up  of 
living  elements  requiring  constant  assimilation  and  elimination  in  order  to 
maintain  the  normal  life  conditions.  Coagulation,  on  the  other  hand,  is  the 
result  of  certain  chemical  changes  concomitant  with  the  death  of  the  blood 
— that  is  we  do  not  say  the  death  of  the  body,  or  the  individual,  but  the 
death  of  the  blood,  because  these  are  distinct;  while  it  lives — that  is  while 
the  blood  lives — no  such  changes  take  place.  Constant  chemical  inter- 
change between  the  bldod  and  the  walls  of  the  vessels — the  blood  vessels— 
is  required  to  sustain  blood  life,  also  the  body  life.  It  is  the  blood  life  that 
we  discuss  now.  The  solid  formation  found  in  the  clot  and  the  separation 
of  a liquid  proteid  found  in  the  serum  is  in  line  with  what  we  find  in  other 
tissues  of  the  body,  for  example,  soft,  contractile  tissue  at  itsjTeaili-under- 
goes  a change  almost  identical,  with  .coagulation;  a condition  that  we  have 
to  deal  with  when  we  come  to  the  Physiology  of  the  muscles.  The  only 
thing  that  we  know  definitely  in  blood  nutrition  is  this  fact  that  a constant 
relation  is  required  between  the  blood  and  the  lining  membrane  of  the  ves- 
sel wall.  Coagulation  doesnot  take  place  when  this  relation  is  preserved; 
but,  in  the  casiT of'^lestorTHThe  delicate  membrane — whether  the  lesion  is 
due  to  injury  or  to  malnutrition,  coagulation  follows.  During  the  first 
stages  of  inflammation,  on  account  of  the  arrest  of  the  flow  of  blood,  the 
small  vessels  suffer  from  defective  nutrition,  allowdng  certain  ot  the  blood 
elements  to  escape,  while  the  corpuscles  adhere  together  and  the  plasma 
coagulates.  We  find  the  same  thing  in  the  larger  vessels,  when  an  inffanv 
mation  ofthe  lining  membrane  of  these  larger  vessels  destroys  the  capaeity 
of  keeping  up  the  delicate  relation  of  the  blood  and  the  vessel  walls.  . On 
the  valves  of  the  left  side  of  the  heart  and  in  the  arteries  where  the  delicate 
relation  of  blood  to  the  vessel  wall  is  subjected  to  great  strain  we  often  find 
slight  lesions  covered  with  small  blood  clots.  Poreign  substances,  foi 
example,  a thread  introduced  into  the  living  and  circulating  human  blood, 
form  a clot,  the  colorless  corpuscles  collecting  on  the  thread.  The  time 
necessary  to  produce  intravascular  clotting  is  long  that  is  compaied  with 
the  ext'ravascular,  the  blood  having  been  stopped  for  several  hours,  some 
Physiologists  say  for  even  more  than  a day,  without  this  coagulation.  fh*s 
.is  due  to  the  fact  that  so  long  as  the  relation  of  the  blood  and  vessel  walls 
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is  maintained,  clotting  does  not  take  place.  In  fact,  the  tissues  die  before 
the  blood  will  clot  in  the  vessels:  that  is,  you  have  the  death  of  the  tissue 
before  you  have  the  death  of  the  blood.  Even  after  death  the  tissues  live 
and  the  blood  continues  fluid  as  Tong  as  the  vessel  wall  can  nourish  itself 
and  the  blood.  In  cold-blooded  animals  the  tissue  lives  longer  than  in  the 
warm-blooded  animals;  for  example,  the  heart  of  a tortoise  will  live  under 
favorable  conditions  for  two  or  three  days  after  its  removal  from  the  body 
and  the  blood  will  still  continue  in  its  fluid  condition  until  after  the  death  of 
the  heart,  that  is,  after  the  death  of  the  heart  tissue.  Certain  chemical 
changes  must  go  on  in  the  blood  to  preserve  this  integrity — the  integrity  of 
the  blood,  the  cessation  of  these  changes  resulting  in  new  products  among 
which  you  will  find  fibrin.  When  the  blood  is  removed  from  the  vessel 
wall,  or  the  relation  is  broken,  the  production  of  fibrin  results — from  one  of 
two  causes — either: 

1st.  Because  the  blood  elements  have^been  destroyed,  or 

2nd.  Because  of  the  impossibility  of  the  reintegration  of  those  blood 
elements.  In  either  of  these  cases  the  fibrin  appears  as  a death  element,  in 
the  case  of  intravascular  clotting  this  death  element  is  removed  by  the  vig- 
orous action  of  the  other  life  elements  in  the  body  and  in  the  tissues,  while 
in  the  case  of  shed  blood  these  life  elements  cease  to  exert  an  influence  and 
hence  complete  coagulation  results.  This  finishes  the  subject  of  coagula- 
tion of  the  blood. 


SEC TIOJY  Jf.  Quantity  of  Blood- 


The  total  quantity  of  blood  in  the  vascular  system  gained  by  balancing 
the  blood  supplied  by  the  tissues  which  give  to,  and  those  which  take  away 
from  the  blood  is  estimated  approximately  by  various  physiologists. 

The  method  used  by  YVelcker  is  called  the  colorimetric  method,  which 
consists  in  bleeding  the  animal  as  thoroughly  as  possible  and  weighing 
the  blood  thus  obtained,  afterwards  washing  out  the  blood  vessels  very  min- 
utely with  distilled  water  and  estimating  the  amount  of  haemoglobin  in  the 
blood  washings.  The  result  is  that,  in  man  7.7  per  cent,  of  the  body  weight 
is  found  to  be  blood,  or  about  i-n  of  the  body  weight;  for  example,  In  the 
case  of  a man  weighing  68  kilograms  we  find  about  5*236  grams  of  blood  in 
the  body— that  would  bring  it  to  just  about  1-13  of  the  body  weight.  In  the 
neT  , orn  child  the  biQodJs_fpimd  to_jLQXLatitu.te - 5.25  per  cent,  of  the  body 
weight— -that  is JLr.19_ol.the  body  weight,  compared  with  i-n  in  the  adult. 

In  the  labbit  and  in  the  cat — which  are  so  favorable  in  physiological 
experiments— the  blood  has  been  found  to  weight  5 per  cent,  of  the  bodv 
weight  that  is  1-20  of  the  body  weight.  In  the  same  individual  the  varia- 
tion  is  not  very  large  at  any  moment,  because  TTsuclden  d ra i n upon  the 
uatrr  of  the  blood,  for  example,  by  profuse  perspiration  is  counteracted 

jy_the  passage  of  water  from  the  tissues  to  the  blood„  and  vice  versa— the 
reverse  condition. 


Torchanoff,  the  Russian  physiologist,  has  invented  another  plan.  He 
subjects  the  person  to  a Russian  bath  in  which  profuse  perspiration  takes 
place  The  amount  of  haemoglobin  in  the  blood  is  determined  both  before 
and  after  the  bath,  and  from  this  he  estimates  the  total  volume  of  blood— 
in  that  way  you  can  find  the  correct  amount  of  blood  in  the  living  being 
without  subjecting  them  to  the  extortion  of  blood.  The  blood  is  distributed 
is  frnn  .0.ut  the  system > as  follows:  Taking  four  parts  as  the  basis;  one  part 

s foundjn^h^heart,  the  lungs, the  large  arteries  and  veins;  onepartis  found 
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in  the  liver;  one  part  in  the  resting  or  skeletal  muscles  and  one  part  in  the 
other  organs. 

SECTION  5.  Abnormal  Conditions  of  the  Blood. 

This  subject  is  sometimes  excluded  from  physiology  by  physiologists 
because  they  say  it  belongs  to  pathology,  but  it  is  like  some  other  subjects; 
the  subject  is  excluded  from  physiology  because  it  belongs  to  pathology 
and  it  is  excluded  from  pathology  because  it  belongs  to  physiology,  and  so 
it  falls  down  between  the  two.  So  the  best  way  is  to  take  it  up  now.  Several 
abnormal  conditions  of  the  blood  have  physiological  bearings;  for  example', 
in  plethoraror  polyamiia  there  is  an  increase  in  tne  entire  mass  of  the  blood, 
uniformly  in  all  the  organs.'  There  are  several  signs  of  this  polyannic  coif 
ctition;  for  example,  the  bluish-red  skin,  swollen  veins,  dilateqarteries' 
and  the  hjmiand  full  pulse.  When  accompanied  with  the  brain  congestion 
we  find  vertigo  and  congestion  of  the  lungs.  This  polvaejmic  condition  mav 
bVproduced  artificially  by  transfusion — that  is  by  the  injection  of  blood  of 
the  same  species  into  the  living  vessels.  If  the  quantity  of  blood  be  in- 
creased from  80  to  90  per  cent,  there  is  no  danger  to  life,  because  this 
amount  of  blood  can  be  accommodated  in  the  distended  vessels.  But,  if 
the  quantity  of  blood  injected  reach  150  per  cent  life  is  imperiled.  The 
cause  of  death  would  be  in  this  case  the  sudden  rupture  of  some  of  the  ves- 
sels which  distended  to  such  an  extent  that  it  would  result  in  rupture. 
Transfusion  seems  to  affect  the  increase  of  red  corpuscles,  this  being  the 
most  noticeable  effect  for  the  longest  period— that  is,  there  are  other  effects, 
but  they  are  slight,  as  compared  with  this.  Transfusion  is  a dangerous  pro- 
cess; because  the  new  blood  introduced  is  likely  to  contain  fibrin — at  least 
in  its  germs,  and  this  may  result  in  intravascular  clotting.  In  addition  to 
this  the  serum  of  the  blood  of  one  animal  may  act  as  a destroyer  of  the 
blood  corpuscles  of  another  animal.  In  case  of  the  loss  of  blood  the  better 
plan  is  not  to  inject  blood,  but  to  inject  a solution  of  sodium  chloride,  be- 
cause this  solution  is  isotonic  to  the  corpuscles.  There  are  other  forms  of 
polyjemia,  but  most  of  these  are  discussed  in  pathology.  The  reverse  con- 
dition is  ansemia — the  reverse  of  polyremia  or  the  reduction  of  the  quan- 
titv  of  blood  as  a whole.  A large  quantity  of  the  total  blood  may  be  lost 
by  hemorrhage  without  any  fatal  results.  In  animals  a loss  of  two  to  three 
per  cent  of  the  body  weight  is  not  fatal.  While  in  man  a loss  of  4.5  per 
cent — tnat  is  not  of  the  blood,  but  of  the  body  weight— that  is  more  than 
one-half  of  the  entire  blood,  will  prove  fatal.  It  is  estimated  that  in  man  a 
loss  of  3 per  cent  may  be  recovered  from.  An  injectibn  of  .9  per  cent 
solution  of  sodium  chloride  after  such  severe  hemorrhages,  have  the  phy- 
siological effect  of  putting  into  rapid  circulation  the  diminished  number  of 
red  corpuscles  and  thus  securing  such  a circulation  as  tends  to  preserve  life 
and  to  restore  its  normal  conditions.  Females  seem  to  bear  the  loss  of 
blood  better  than  men.  This  being  due  physiologically,  to  the  more  rapid 
renewal  of  blood  in  connection  with' menstruation. 

Newly  born  children  seem  to  be  seriously  affected  by  a small  loss  of 
blood,  whereas  in  the  adult  life,  one  half  of  the  blood  may  be  lost  beloie 
any  serious  results  follow.  Stout  and  aged  people  bear  the  loss  of  blood 
with  less  vigor.  There  seems  to  be  a connection  between  the  fat  substances 
of  the  body  and  the  fact  that  explains  this— something  will  be  said  of  this 
later.  The  more  rapid  the  loss  of  blood,  the  more  dangerous  it  seems  to 
be.  If  the  hemorrhage  is  not  sufficient  to  cause  death,  the  fluid  portion  of 
the  blood  and  the  blood  salts  are  restored  by  absorption  from  the  tissues, 
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followed  by  an  increased  blood  pressure,  the  restoration  of  albumin  and  the 
formation,  and  increase  in  the  number  of  red  corpuscles.  Regeneration — 
the  reintegration  of  the  blood — sets  in  in  a few  hours  after  a slight  hem- 
orrhage and  in  from  one  to  two  days  after  a severe  hemorrhage.  During 
the  process  of  regeneration  the  number  of  corpuscles  in  the  different  stages 
of  their  development  increases,  that  is  developing  corpuscles  containing 
less  than  a normal  amount  of  haemoglobin.  That  is  the  physiological  and 
chemical  property  of  these  developing  corpuscles. 

In  the  cold  blooded  animals  hemorrhage  seems  to  have  much  less  ef- 
fect upon  the  life  than  in  the  case  of  the  warm  blooded  animals;  for  exam- 
ple, the  frog  is  able  to  live  for  a period  without  blood.  Cohnheim  washed 
out  all  the  blood  from  the  vessels  of  a frog  with  a solution  of  .75  per  cent, 
of  sodium  chloride  and  filled  the  vessels — the  vessels  washed  out — with  this 
same  solution.  The  frog  continued  to  live  for  several  days  eliminating  nor- 
mally carbon  dioxide.  This  experiment  seems  to  indicate,  physiologically, 
that  the  carbon  dioxide  is  formed  not  in  the  blood,  but  in  the  tissues  of  the 
body. 

In  anaemic  persons  it  is  found  that  proteid  composition  is  increased, 
resulting  in  an  increased  excretion  of  urea,  whereas  fat  decomposition  is 
decreased.  This  depends  upon  the  diminution  of  carbon  dioxide.  One 
result  said  to  follow  from  that  is  the  theory  that  after  the  anaemic  condition 
it  is  very  easy  to  put  on  fat.  You  will  find  this  principle  to  be  a very  old 
one.  Aristotle,  one  of  the  old  Philosophers,  said  that  to  put  the  cattle  in 
anaemic  condition,  artificially,  that  they  could  be  more  easily  fattened  when 
recovering  from  this  condition.  It  is  not  only  so  in  the  human,  but  also  in 
the  animal  life.  Among  the  abnormal  conditions  of  the  blood  we  find  the 
presence  of  animal  and  vegetable  parasites,  most  important,  giving  rise  to 
abnormal  conditions,  which  are  discussed  fully  in  Pathology.  Some  of 
these,  especially  the  vegetable  organisms  have  the  power  of  multiplying 
very  rapidly  in  the  blood,  and,  as  we  have  seen  Physiologically,  the  blood 
may  be  rendered  immune  against  these  bacteria.  That  finishes  the  abnormal 
conditions  of  the  blood. 

SECTION  VI.  Variations  in  the  Composition  of  the  Blood  Normally. 

The  blood  is  influenced  by  a great  number  of  conditions  including  diet, 
age,  temperament  and  sex.  The  dietary  conditions  will  be  referred  to  later 
in  connection  with  the  food. 

Age: — The  fetal  blood  is  very  rich  in  solid  matter,  chiefly  the  red  cor- 
puscles. This  does  not  say  in  what  stage  of  development  or  growth  these 
corpuscles  are.  This  condition  gradually  diminishes  until  the  close  of  the 
intra-uterine  life.  The  amount  of  solid  matter  continues  to  diminish  during 
the  progress  of  childhood;  increases  during  the  adult  life,  and  then  again 
diminishes  during  old  age. 

Temferment: — In  persons  of  a plethoric  temperment — or  sometimes 
called  the  sanguineous  temperament — the  amount  of  solid  matter  in  the 
blood  seems  to  be  much  larger,  particularly  in  the  red  corpuscles. 

. Sex:— The  blood  of  the  male  differs  from  that  of  the  female,  chiefly  in 
a higher  specific  gravity  of  the  male,  on  account  of  the  fact  that  the  male 
blood  contains  a larger  number  of  red  corpuscles;  in  the  female  it  also  var- 
ies in  menstruation  and  during  pregnancy,  slightly  increasing  in  the  former 
condition  and  diminishing  in  the  latter.  In  the  latter  condition,  the  spe- 
cific gravity  of  the  blood  is  much  lower  than  in  the  normal  female  blood. 
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In  the  case  of  bleeding,  the  specific  gravity  of  the  blood— that  is  in  hem- 
orrhage that  we  spoke  of  before — is  diminished,  so  much  so  that  the  flowing 
current  of  the  blood  from  a wound  diminishes  as  the  flow  takes  place  This 
is  due  to  the  absorption  of  liquid  from  the  tissues  of  the  body.  Physiolog- 
ically this  is  connected  with  the  conditions  of  thirst  that  usually  follow  the 
loss  of  blood.  Water  is  absorbed  in  the  tissues,  and  hence,  gives  the  desire 
for  water — thirsty  condition.  The  composition  of  the  blood  varies  in  diff- 
erent paits  of  the  body,  arterial  blood  differing  from  venous  blood,  and 
venous  blood  differing  according  to  the  veins  in  which  that  blood  flows. 
There  are  three  special  differences  between  arterial  and  venous  blood. 

fst.  TnThe  arterial' blood  we  have  a bright  scarlet  color,  due  to  the 
presence  of  oxy-haemoglobin,  whereas  in  the  venouTblood,  we  find  . a dark 
purplish  color,  due  to  the  deoxidation  of  the  oxy-haemoglobin. 

2d.  Arterial  blood  contains  less  carbon  dioxide  and  more  oxygen 
than  the  venous  blood. 

3d.  Arterial  blood  coagulates  more  rapidly  than  venous  blood. 

In  the  venous  blood  there  are  said  to  be  four  different  standards  of 
blood. 

1st.  The  normal  venous  blood.  The  other  three  are  variations  from 

this. 

2d.  Splenic  venous  blood — that  is  the  blood,  of  course,  in  the  splenic 
vein.  This  blood  is  generally  deficient  in  the  red  corpuscles,  containing 
a large  amount  of  proteid  matter  and  yielding  a fibrin  in  case  of  coagula- 
tion above  the  average  blood  fibrin.  There  is  also  a large  proportion  of  the 
colorless  corpuscles  and  the  plasma  is  deeply  colored  on  account  of  the 
dissolved  baematin.  On  account  of  the  deficiency  of  red  corpuscles,  solid 
matter  seems  to  be  greatly  diminished. 

3d.  Portal  venous  blood:  The  blood  that  is  carried  in  the  portal  vein  to 

the  liver,  eomingTrom  the  gastric  and  mesenteric  veins  which  contain  the  dis- 
solved food  elements  absorbed  during  digestion  from  the  stomach  and  the  intes- 
tines^ and  also  from  the  splenic  vein;  this  portal  blood  combines  the  qualities  of 
these  two — that  is,  you  have  the  characteristic  of  the  splenic  blood  and  also  of 
the  blood  coming  from  the  gastric  and  mesenteric  veins.  The  blood  carried  in 
the  gastric  and  mesenteric  veins  varies  according  to  the  digestive  conditions — 
both  of  the  food  and  of  the  organs  of  digestion.  This  blood  seems  to  be  defi- 
cient in  solid  materials  chiefly  in  the  red  corpuscles.  On  account  of  the  quan- 
tity of  water  absorbed  it  contains — that  is  Portal  blood — a large  proportion  of 
proteids  and  gives  a much  less  characteristicffibrin  than  the  ordinary  blood. 

4th.  Hepatic  Venous  blood.  This  is  found  to  contain  a smaller  propor- 
tion of  water,  salts  and  proteid  matter  than  the  portal  blood.  At  the  same 
time  iFcoritains  a much  larger  proportion  of  the  extractives.  Grape  sugar  for 
example,  This  grape  sugar  being  found  as,  a constant  element,  sometimes 
called  the  characteristic  element  of  Hepatic  blood.  All  of  these  variations  in 
the  standard  of  blood  are  Physiologically  of  great  value  in  connection  with  the 
alimentary  functions.  They  are  mentioned  here  to  bring  them  into  the  subject 
of  blood,  because  we  treat  here  of  the  general  conditions  of  the  blood. 

SECTION  VII.  The  Lymph  and  the  Blood  Glands. 

It  is  a matter  of  discussion  with  Physiologists  whether  this  subject  should 
be  discussed  under  the  subject  of  the  blood,  or  later.  It  seems  to  come  in 
quite  naturally  here,  because  of  the  relations  between  Lymph  and  Blood.  There 
is  no  other  place  where  it  could  come,  except  in  the  discussion  of  the  different 
functions  of  the  body,  unless  it  is  to  come  in  connection  with  the  glands. 
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Lymph  is  a colorless  fluid,  resembling  the  blood  plasma,  and  is  found  out- 
side the  capillary  walls,  filling  the  extravascular  spaceS-oL  the  body.  All  the 
tissue  elements  and  the  outside  of  the  capillaries  are  said  to  be  bathed  in 
lymph.  The  entire  body,  except  the  epidermis  and  the  epidermal  structures, 
is  supplied  with  blood  vessels.  The  blood  plasma  filters  through  the  capil- 
lary walls,  together  with  white  corpuscles  and  in  some  cases  the  red  corpuscles. 
These  pass  into  the  lymph  aud  bring  to  the  tissues  of  the  body  nutriment  and 
oxygen  aud  carry  off  the  waste.  This  lymph  fills  the  extravascular  spaces 
which  open  into  the  lymphatic  vessels,  which  unite  to  form  larger  trunks, 
forming  thus  two  main  trunks:  the  thoracic  or  left  lymphatic  duct  and  the 
smaller  or  the  right  lymphatic  duct.  7n  this  way  a double  interchange  takes 
place  'from  the  blood  to  the  tissues  aud  from  the  tissues  to  the  blood,  the  lymph 
acting  as  a middle  man.  When  this  is  accomplished — that  is  this  double  inter- 
change— a third  stream  from  the  lymph  to  the  large  lymph  vessels  carries  away 
from  the  tissues  such  parts  of  the  material  coming  from  the  blood  vessels  as 
the  tissues  do  not,  or  cannot  keep,  and  also  such  parts  of  the  waste  products 
from  the  tissues  as  are  not  taken  up  by  the  blood  vessels.  In  this  way  the 
changes  in  the  blood  and  in  the  tissues  take  place  through  the  medium  of  the 
lymph,  making  it,  therefore,  most  important  in  connection  with  the  blood. 
Lymph  is  essentially  the  same  as  the  blood  plasma,  containing  the  three  blood 
proteids,  the  extractives,  and  also  the  salts.  The  proteids,  particularly  fibrin- 
ogen, are  less  in  amounts  in  the  lymph  than  in  the  blood.  This  lymph  con- 
sists of  a colorless  fluid,  containing  leucocytes  and  small  bodies  of  fatty  sub- 
stance, which  are  very  numerous  after  meals.  Formerly  lymph  was  supposed 
to  be  derived  from  the  blood  plasma  by  a process  of  filtration  through  the  capil- 
lary walls.  In  recent  times  this  process  of  filtration  through  the  capillary 
walls  has  been  shown  to  be  insufficient  to  account  for  the  contents  and  the 
composition  of  the  lymph.  There  are  two  physiological  opinions  on  this  sub- 
ject. 

:st.  Those  who  explain  the  composition  of  the  lymph  as  due  to  filtration 
— filtration  through  the  capillary  walls —aud  diffusion  from  the  blood  plasma. 

2nd.  Those  who  think  that  in  addition  to  these  two  processes — filtration 
and  diffusion — it  is  necessary  to  assume  a secretory  action  on  the  part  of  the 
cells  composing  the  structure  of  the  capillary  walls.  So  that,  according  to  this, 
there  are  three  fluid  processes — the  filtration  and  diffusion  aud  the  secretion — 
which  would  represent  the  metabolism  of  the  lymph.  At  the  present  time  it  is 
impossible  to  say  anything  more  on  the  subject  than  simply  to  quote  these 
points  as  there  are  no  characteristic  points  on  either  side  to  show  that  the  one 
opinion  is  more  physiologically  correct  than  the  other.  Indications  seem  to 
point  in  the  direction  of  the  second  opinion  so  far  as  we  have  reached — that  is 
the  process  of  filtration  through  the  capillary  walls  and  diffusion  from  the  blood 
plasma  aud  also  the  secretion  in  connection  with  the  cells  that  are  found  iu  the 
walls  of  the  capillaries.  Blood  takes  in  new  supplies  from  the  alimentary  canal 
and  the  lymphatics.  From  the  first  it  receives  directly  through  the  blood  ves- 
sels or  indirectly  through  the  chyle,  by  the  first  of  course,  we  mean  the  alimen- 
tary canal;  from  the  second — that  is  the  lymphatics,  it  receives  the  lymph — the 
characteristic  lymph.  Respiration  gives  a fresh  supply  of  oxygen.  And 
finally  certain  elements  come  to  the  blood  trom  different  parts  of  the  body. 
These  parts  of  the  body  that  furnish  these  supplies  being  sometimes  called  the 
blood  glands.  This  is  not  a very  suitable  expression  because  most  recent  in- 
vestigations have  shown  that  these  ductless  glands  are  not  blood  glands  at  all. 
Although  it  is  not  scientifically  correct,  it  is  better  to  adhere  to  it  because  they 
are  so-called  in  all  Physiologies. 
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These  arc  six  in  number,  (i)  the  lymphatic  glands;  (2)  the  glands  of 
Peyer;  (3)  the  Thymus  gland;  (4)  the  .spleen;  (5)  the  Thyroid  body  and  (6)  th® 
supraffcnal  capsules.  The  lymphatic  and  the  Peyer’s  glands,  will  be  discussed 
later  in  connection  with  circulation  and  alimentation.  All  these  glands  resem- 
ble erch  other  in  structure,  being  rich  in  protoplasm  and  adenoid  tissue  and 
having  many  lymph  corpuscles.  They  are  also  very  vascular  and  they  have  no 
ducts,  being  what  are  called  the  ductless  glands;  they  have  been  called  blood 
glands;  because  they  are  supposed  to  be  connected  with  the  formation  of  blood. 
The  whole  lymphatic  system  is  concerned  in  some  way  in  blood  formation 
The  lyxnph_cp£puscles  are  supplied  by  the  lymph,  and  the  chyle.  These  are 
chiefly Trom  the  adenoid  tissue  ot  the  lymphatic  glands,  being  washed  out  by 
the  lymph  latQ-the.  larger  lymphatics,  the  chyle_.washing  out  the  lymph  cor- 
puscles  in  tlic  ndGooid.  tissue  of  tlio  villi.  In  tliis  way  the  lymph  corpuscles 
are  constantly  flowing  into  the  blood  and  these  are  identified  with  the  colorless 
corpuscles  of  the  blood.  These  colorless  corpuscles  accumulate  in  the  blood 
and  in  some' way  are  connected  with  the  formation  of  the  red  corpuscles.  These 
colored  corpuscles  which  exist  in  large  numbers,  in  some  way  become  disinte- 
grated, this  disintegration  taking  place  in  connection  with  the  liver  and  the 
spleen.  Phosphate  of  iron  found  in  the  bile  is  derived  from  the  haemoglobin 
of  the  blood.  In  the  spleen,  also,  large  numbers  of  red  corpuscles  decompose 
the  large  protoplasmic  cells  inclosing  the  corpuscles  and  causing  their  decom- 
position. In  order  to  supply  the  blood  with  fresh  material,  the  process  of  blood 
formation  goes  on  as  a counteracting  influence  to  decomposition. 

The  question  as  to  the  origin  of  the  colorless  corpuscles  is  one  that  has 
been  greatly  discussed  in  the  field  of  physiology. 

These  colorless  cells  are  the  haematoblasts  which  are  found  in  the  spleen 
and  especially  in  the  red  marrow  of  the  bones.  As  found  in  these,  the  spleen 
aud  the  red  marrow  of  the  bones,  they  are  found  to  be  colorless,  granular, con- 
tractile bodies,  very  much  like  the  leucocytes.  The  nucleus  becomes  a large 
corpuscle,  the  original  blood  plasmic  cell  is  sometimes  spoken  of  as  the  cell  of 
Neumann.  Pater  the  nucleus  is  expelled  from  the  large  corpuscle  and  the 
rest  of  the  cell  that  is  outside  the  neucleus  becomes  rilled  with  haemoglobin 
and  forms  the  red  corpuscles.  In  Mammals  the  red  corpuscle  is  not  therefore 
a modified  nucleus,  but  it  is  a part  of  the  substance  of  the  Neumann’s  cor- 
puscle outside  of  the  nucleus.  The  original  cell,  as  we  said,  was  this  Neumann 
corpuscle,  the  separation  of  this  nucleus  in  the  mammalian  corpuscle  from  the 
rest  of  the  substances  of  the  corpuscle  leads  to  the  formation  of  the  red  corpus- 
cle; the  balance  of  that  substance  being  connected  in  some  way  with  what  we 
find  in  the  red  corpuscle. 

1st.  The  colorless  corpuscles  originate  rapidly  by  the  division  of  the  lym- 
phatic corpuscles  in  the  lymphatic  glands  and  also  in  the  Peyer’s  glands.  In 
the  spleen,  also,  the  process  of  cell  multiplication  goes  on  rapidly,  the  delicate 
andenoid  tissue  of  this  organ  being  full  of  pale  corpuscles,  and  the  splenic  vein 
being  filled  with  blood  that  is  rich  in  the  white  cells.  The  red  bone  marrow 
is  the  seat  of  the  most  rapid  formation  of  the  colorless  corpuscles.  It  contains 
— that  is  the  red  bone  marrow — fibrillar  connective  tissue,  fat  cells,  leuco- 
cytes and  great  cells.  We  find  these  sometimes  spoken  of  in  physiology  as 
giant  cells.  These  giant  cells  are  large  cells  of  irregular  shape  consisting  of 
protoplasm  and  nuclei.  In  the  red  marrow  we  find  the  haematoblasts — that  is 
the  cells  of  the  protoplasm,  yellow  in  color.  These  form  the  red  blood  cor- 
puscles. These  large  nucleated  cells  are  found  very  abundantly  in  early 
embryonic  life.  Up  to  the  fourth  week  of  that  embryonic  life,  only  such 
nucleated  cells  are  found,  that  is,  no  other  cells  are  found  in  the  human  em- 
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bryo  up  to  the  fourth  week.  After  this  the  nucleus  becomes  smaller,  and,  in  a 
short  time  the  nucleus  entirely  disappears,  and  the  corpuscle  assumes  its  bi- 
concave form.  The  nucleated  forms  being  found  very  rarely  at  the  close  of 
the  uterine  life.  After  birth  the  red  corpuscles  are  formed  from  these  nu- 
cleated colorless  cells,  especially  in  the  red  marrow  of  the  bones.  In  the 
uterine  and  early  extra-uterine  life  the  thymus,  thyroid  body  and  the  supra- 
renal capsules  are  supposed  to  have  blood  forming  functions;  while  later  in 
life  it  is  probable  that  their  chief  function  is  to  use  up  and  divide  into  simpler 
bodies  the  elements  of  the  blood — that  is,  to  prepare  for  the  blood  and  to  form 
the  elements  of  the  blood  itself.  As  these  bodies  are  ductless  glands,  those 
new  matters  cannot  be  secreted,  and,  hence  the57  pass  by  a reabsorption  into 
the  blood  again  for  still  further  use.  These  bodies,  the  thymus,  the  thyroid 
and  the  supra-renal  capsules  have  the  function  of  disintegration,  but  differ- 
entiate with  the  action  of  these  glands  of  the  blood  that  unite  and  back  up  the 
process  of  reintegration  into  the  blood  once  more. 

2d.  The  spleen  is  undoubtedly7  a blood  gland,  whatever  other  functions 
it  may  discharge?  The  spleen  pulp  consists  of  a mesh-work  of  delicate  fibers 
of  adenoid  tissue  which  hold  in  the  meshes  of  this  pulp,  the  lymph  corpuscles, 
and  also  the  free  or  liberated  red  corpuscles.  The  spleen  seems  to  discharge  a 
double  function,  (i)  That  of  forming  corpuscles,  and  (2)  of  destroying  .the 
colored  corpuscles.  The  spleen  is  also  The  seat  .of  other  operations,  such  as  the 
decomposition  of  albuminous  compounds  and  also  of  acid  formations.  That  is 
still  in  line  you  will  notice  with  the  functions  of  the  spleen  as  a destroyer  or 
decomposer.  The  spleen,  however,  can  be  dispensed  with  entirely.  It  has 
been  removed  from  the  body  and  this  removal  has  taken  place  without  any 
great  disadvantage  to  the  vital  system.  There  is  a slight  disadvantage,  of 
course,  temporarily,  but  when  the  local  temporary  disturbance  is  removed  there 
is  no  permanent  disadvantage'  following.  In  this  case  of  the  removal  of  the 
spleen  it  has  been  found  that  the  lymphatic  glands  and  the  red  marrow  of  the 
bones  become  more  abundant  with  the  colorless  cells,  and  hence  more  active  in 
the  formation  of  the  blood  corpuscles.  The  lymphatic  gland sJay  some  ki-nd-of - 
functional  sympathy  discharge  the  spleen  function  as  well  as  their  own  fuuc- 
tionT__u 

3d.  In  the  last  stages  of  the  uterine  life  and  the  first  stages  of  the  extra- 
uterine  life  the  active  growth  of  the  tissues  takes  plaee  and  a large  supply  of 
blood  corpuscles  is  necessary.  In  order  to  assist  this  active  development  of 
tissues  and  of  blood  corpuscles,  the  thymus  gland  seems  to  assist  the  red  mar- 
row of  the  bones,  the  lymphatics,  and  the  spleen  in  the  formation  of  red  cor- 
puscles. Later  in  life  after  this  rapid  development  ceases  the  thymus  gland 
becomes  absorbed,  and,  in  the  case  of  man  finally  disappears  when  manhood  is 
reached. 

4th-.  The  thyroid  gland.  In  the  early  uterine  life  this  thyroid  has  a 
duct  which  opens  into  the  foramen  caecum  of  the  tongue,  but  this  duct,  like 
the  thymus  gland,  disappears.  Each  lobe  shows  closed  sacs  which  are  lined  by 
layers  of  epithelial  cells;  these  cells  being  filled  with  fluid  and  also  the  leuco- 
cytes and  the  red  corpuscles,  partly  disintegrated  and  also  partly  decolorized— 
deprived  of  color.  Tnis  thyroid  gland,  if  it  is  greatly  enlarged,  gives  rise  to 
abnormal  conditions,  two  in  number,  Goitre  and  cretinism,  the  latter  of  which 
is  associated  with  a form  of  idiocy.  Some  say  the  removal  of  this  gland  re- 
sults in  mental  weakening — that  is,  :t  produces  an  artificial  cretinism.  After 
its  removal  certain  changes  have  been  observed  bearing  upon  the  gland  func- 
tion; for  example,  the  red  corpuscles  are  found  to  be  diminished  in  number 
and  the  white  corpuscles  Increase  in  number?  The  Salivary  glands  enlarge  and 
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the  parotid  gland  which  is  normally  serous,  begins  to  secrete  mucin  this  mucin 
being  found  even  in  the  blood.  This  furnishes  the  only  evidence  that  we  have 
that  the  thyroid  is  a blood  forming  body. 

5th.  The  supra-renal  bodies.  These  bodies  are  found  to  be  large  in  the 
uterine  life,  at  the  end  of  the  third  month  of  the  uterine  life  being  as  large  as 
tne  kidneys.  The  medullary  part  which  at  first  is  outside  of  the  cortical  part 
— these  represent  two  parts  of  the  supra-renal  bodies  in  the  fetal  life — after- 
wards is  enclosed  by  it,  containing  albuminous  bodies  and  pigment.  A watery 
mixture  of  these  supra-renal  bodies  gives  coloring  mattersuch  as  we  find  in  the 
blood.  McMunn,  a physiologist  who  investigated  this  subject,  has  observed 
that  the  spectrum  of  the  supra-renal  bodies  gives  bands  of  reduced  haematin, 
hence,  he  claims  that  their,  function  is  to  pick  out  of  the  circulation  wnrn  rmf 
coloring  matter  with  their  protejds  and  to  separate  them  so  as  to  prepare  them 
*?rJ-nte£ra^on dn  tbe  formation  of  new  coloring  matter.  An  abnormal  condT 
tion  associated  with  these  bodies  is  spoken  of  as  Addison’s  disease,  which  is  the 
result  of  these  bodies  not  discharging  their  proper  functions.  This  disease 
consists  of  the  sallow  or  bronzed  tinting  of  the  skin,  accompanied  by  giddiness 
—in'  its  physiological  sense-vomiting  and  breathlessness. 

6th.  The  pituitary  body  or  hypophysiscerebri,  although  not  a blood  form- 
ing gland,  must  be  classed  writh  these  other  glands  on  account  of  its  supposed 
function  of  aiding  the  blood  supply  to  the  brain.  The  supply  of  new  material 
furnished  to  the  blood  mav  be  summarized  as  follows:  Bv  casenlar  ab- 

sorption  thfblfghThe'  alimentary  canal;  for  example,. wrater,  sugar,  peptones 
and  salts.  (2)  Lacteal  absorption,  also  through  the  alimentary  canal;  for  ex- 
ample, water,  sal ts  and  f ats.  (3 ) Through  the  skin;  for  example,  water  anb 
certain  volatile  and  soluble  matters.  (4)  Through  the  mucous  membrane  of 
the  lungs;  for  example,  oxygen,  aqueous  vapors  and  volatile  matters.  < 5; 
Through  the  lymph  or  the  closed  sacs  into'\vhich  the~fluid  matters  have  been 
effused.  (6)  The  lymphatic  glands,  the  mesenteric  glands  and  the  other  dlood 
glands;  certain  protoplasmic  elements  and  lymph  cells  in  which  certain  ex- 
changes take  place  between  the  lymph  and  the  blood:  for  example,  the  colored 
corpuscles  of  the  blood  are  formed  from  these  lymph  elements,  or  protoplasmic 
cells.  That  finishes  the  subject  of  the  blood. 

CHAPTER  III.  CIRCULATION  OF  THE  BLOOD- 
SECTION  I-  General  Statement. 

By  the  circulation  of  the  blood  is  meant  that  the  fluid  during  life  is  con- 
tained with  ina  continuous  system  of  elastic  and  contractile  vessels,  that  thisfluid 
moves  along  this  continuous  course,  always  returning  upon  itself  in  the  course 
of  its  flow,  and  that  this  blood,  whatever  may  be  its  constitution,  moves  along 
in  a certain  definite  direction,  never  in  the  opposite  direction. 

Harvey,  the  discoverer  of  the  blood  circulation,  says,  that  a perpetual 
movement  of  the  blood  in  a circle  is  caused  bv  the  heart  beat.  The  discovery 
of  the  blood,  by  Harvey,  dates  from  1616.  This  continuous  system  consists  of 
the  heart  which  is  at  the  commencement  of  the  arteries  and  at  the  termination 
of  the  veins;  the  arteries  terminating  in  capillaries  out  of  which  arise  the  veins. 
The  heart  is  a double  organ,  each  half  consisting  of  an  auricle  and  a ventricle, 
the  right  half  containing  the  blood  as  it  is  returned  from  the  body  to  be  passed 
on  to  the  lungs,  and  the  left  half  containing  the  blood  passed  from  the  lungs  to 
be  sent  out  into  the  body.  The  circulation  of  the  blood  is  said  to  be  two  fold; 
1st.  Pulmonaty  circulation  from  the  right  side  of  the  heart  by  the  pulmonary 
artery  to  the  lungs,  through  the  lung  capillaries  and  back  again  to  the  left 
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side  of  the  heart  by  the  pulmonary  veins.  2d.  Systemic  circulation  from  the 
left  side  of  the  heart  through  the  aorta  and  the  arteries  to  the  tissues  by  the 
capillaries,  and  thence  into  the  veins  and  back  again  to  the  right  side  of  the 
heart.  The  circulation  of  the  blood  can  be  followed  from  the  right  auricle  to  the 
the  right  ventricle,  through  the  right  auriculo- ventricular  opening  protected  by 
the  tricuspid  valve.  From  the  right  ventricle  through  the  polmonary  artery, 
through  the  lung  capillaries  into  the  polmonary  veins  which  give  it  passage  into 
the  left  auricle.  From  the  left  auricle  to  the  left  ventricle  through  the  left  auri- 
culo-veutricular  opening  protected  by  the  mitral  valve;  from  the  left  ventricle 
into  the  larger  arteries,  the  intermediate  arteries  and  the  arterioles  into  the 
tissues  and  the  different  organ  capillaries.  From  these  minute  capillaries^  the 
blood,  passes  through  the  veins,  which,  at  firsT~are  small?  gradually  increasing 
into.  Larger jtrunks  till  it  reaches  the,  superior  and  inferior  venae  cavae,  these 
constituting  the  openings  into  the  right  auricle.  These  vessels  have  walls,  all 
oFwhich  are  more  or  less  elastic  and  onTTeing  filled  with  the  blood  they  are 
subject  to  distension.  This  distended  condition  gives  rise  to  the  tension  which 
may  be  varied  at  any  point  by  the  application  of  pressure. 

This  pressure  applied  at  any  one  point  produces  a movement  of  the:  liquid 
inJhe.direction  of  the  lesser  pressure,  and  as  these  vessels  represent  a closed 
tubular  system,  the  liquid  under  such  pressure  circulates  the  valvular  . .mechan- 
ism being  utilized  in  order  to  determine  the'  direction  of  the  blood  flow.  In 
the  living  body  the  contraction  of  , the  muscular  walls  of  the  right  ventricle 
narrows  its  cavity  and  forces  the  blood  out  from  the  right  to  the  left  side  of 
the  heart  through  the  pulmonary  capillaries  which  are  in  immediate  contact 
with  the  respjratories  of  the  lungs.  The  contraction  of  the  muscular  walls  of 
the  left  ventricle  also  narrows  its  cavity,  forcing  the  blood  from  the  left  to 
the  right  side  of  the  heart,  through  the  systemic  capillaries  of  the  body.  These 
two  contractions  are  simultaneous.  Each  contraction  furnishes  a force  which 
isjjtflized  as  energy  being  supplemented  to  a slight  extent  by  the  energy  which 
arises  from  aspiration  and  also  from  the  contraction  of  the  skeletal  muscles.  This 
force  drives  the  blood  into  the  arterial  system  increasing  the  arterial  pressure, 
the  arteries  in  turn  driving  a part  of  the  blood  into  the  capillaries  which  con- 
vey the  blood  to  the  veins,  tending  to  equalize  the  pressure  between  the  arter- 
ies and  the  veins.  The  pressure  never  becomes  equalized,  because  if  the  pres- 
sure should  become  equalized  the  blood  would  be  evenly  balanced  between  the 
arteries  and  the  veins.  Equilibrium  would  result  in  the  stopping  of  the  circu- 
lation. As  the  veins  empty  back  the  blood  into  the  heart  the  heart  once  more 
contracts  and  drives  more  blood  into  the  arteries,  thus  increasing  the  arterial 
pressure  and  preventing  at  any  one  time  an  equilibration  of  pressure  between 
the  venous  and  the  arterial  circulation.  If  equilibrium  were  produced  in  the 
blood  it  would  remain  stagnant,  as  a certain  amount  of  the  blood  in  the  arter- 
ies and  in  the  veins  in  the  venous  system  there  cannot  be  any  force  of  move- 
ment to  cause  them  to  circulate  because  the  pressure  would  not  be  greater  in 
the  arterial  system,  the  blood  would  not  be  pressed  forward,  and  hence  we 
would  not  have  circulation.  In  this  way  we  have,  1st  the  circulation  itself 
determined  and  definite,  and  2d,  the  direction  of  the  circulation  is  also  definite 
and  it  is  always  determined  toward  the  lesser  pressure.  The  blood  which  is 
the  internal  medium  on  which  the  tissues  live,  thus  circulates  through  the 
entire  system  mainly  through  the  capillaries  whose  fine  walls  are  so  delicate 
that  certain  elements  from  the  circulating  blood  pass  through  the  capillaries  to 

bn  vfUw  °utS!ue’  wJ”le  ?ertam  elementsof  the  tissues  pass  through  the  walls 
hi  hi  16  1bloo.d’  thu.s  Replug  up  a constant  interchange  of  elements  between 
the  blood  and  the  tissues  by  the  medium  of  the  lymph.  This  constant  inter- 
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change  accounts  for  the  fact  that  there  is  scarely  ever,  if  any,  appreciable 
change  in  the  volume  of  blood.  There  is  as  much  absorption  one  way  as  the 
other  and  the  difference  of  the  volume  of  absorption  would  cause  an  abnormal 
condition,  and  so  we  have  in  the  venous  circulation,  no  difference  in  the  vol- 
ume of  the  blood,  from  what  we  find  in  the  arterial  circulation.  If  there  is  a 
difference  it  is  very  slight.  The  vascular  mechanism  is  so  designed  that  the 
blood  must  pass  through  the  minute  vessels  where  the  chief  work  of  the  blood 
is  done — that  is  in  the  capillaries,  in  such  a way  as  to  secure  the  efficient  inter- 
change of  these  elements.  From  this  general  statement  we  find  that  the  circula- 
tion consists  of  four  distinct  elements.  ( i ) The  heart,  whose  chief  function 
is  to  drive  the  blood  into  the  arteries,  through  the  arteries  into  the  capillaries 
and  thence  through  the  veins  into  the  heart.  We  speak  of  this  first  function, 
because  there  are  other  functions,  of  course,  which  the  heart  discharges.  This 
is  the  chief  one,  of  course,  in  connection  with  the  circulation.  (2).  The  arteries, 
whose  chief  function  is  to  convey  the  blood  from  the  heart  to  the  capillaries. 
(3)  The  veins,  whose  chief  function  is  to  convey  the  blood  from  the  capillar- 
ies to  the  heart.  (4)  The  capillaries,  including  the  minute  arteries,  ending  in 
the  capillaries  and  the  minute  veins,  beginning  in  the  capillaries,  whose  chief 
function  is  to  perform  the  double  interchange  we  have  just  spoken  of,  between 
the  tissues  and  the  blood,  and  the  bloodand  the  tissues. 

To  understand  the  circulation  is  to  follow  out  the  blood  in  its  course  along 
this  blood  path  noticing  the  phenomena  manifested  at  each  point  and  the  influ- 
ences bearing  upon  the  circulation  at  any  one  point  and  on  the  circulation  in 
general.  For  convenience  the  circulation  of  the  blood  may  he  divided  into 
three  parts.  1st.  The  heart  as  the  center  of  the  vascular  mechanism.  2d. 
The  blood  vessels,  and  3d  the  general  circulation,  its  mechanism  and_action, 
including  the  blood  and  lymph.  Some  Physiologists  discuss  first  the  capillary 
circulation  because  the  all  important  phenomena  in  connection  with  blood  and 
tissue  interchange  are  found  there.  It  is  better  however  in  systematically  dis- 
cussing the  circulation  to  commence  at  the  great  force  which  represents  the 
center  of  the  circulatory  system. 

SECTION  General  Physiology  of  the  Heart- 

1,  THE  HEART  AS  THE  CENTER  OF  THE  VASCULAR  MECHANISM. 

The  heart  is  a hollow  muscle,  covered  on  the  external  surface  with  a ser- 
ous membrane,  the  pericardium,  and  on  the  interior  is  lined  also  with  a serous 
membrane,  the  endocardium,  continuous  with  the  lining  of  the  blood  vessels. 
The  heart  is  thus  enclosed  in  a membranous  sac  and  lies  behind  the  sternum 
and  costal  cartilages,  the  base  rising  upward,  falling  backward  to  the  right  and 
reaching  from  the  fifth  to  the  eighth  dorsal  vertebra.  The  apex  reaches  down- 
ward and  forward  to  the  left  and  its  beat  is  felt  in  the  living  subject  in  the 
interspace  between  the  fifth  and  sixth  ribs  slightly  below  and  to  the  central 
side  of  the  nipple-  Thus  the  heart  lies  obliquely  in  the  chest  cavity  projecting 
into  the  left  of  the  cavity. 

The  heart  is  composed  of  a special  tissue  together  with  connective  tissue, 
vessels,  that  is,  blood  vessels,  lymphatics,  nerves  and  ganglia.  The  cardiac 
fibers  are  intermediate,  both  in  structure  and  in  function,  between  the  non- 
striated  and  the  striated  fibers.  The  muscular  mass  of  the  heart  is  called  myo- 
cardium. A considerable  mass  of  fibrous  tissue  and  fibro-cartilage  is  seen  at 
the  base  of  the  heart  between  the  openings  of  the  aorta  and  the  two  auriculo- 
ventricular  orifices  from  which  pass  different  processes  forming  the  basis  of 
those  tendonous  rings  at  the  auriculo-ventricular  and  the  arterial  openings. 
To  these  bands  or  rings  are  attached  the  muscular  fibers  laid  out  in  layers.  In 


GENERAL  PHYSIOLOGY  OF  THE  HEART. 


4' 


11k-  embryonic  life  the  heart  is  tubular  in  shape,  or  fonn,  ns  hbers  being  ar- 
i iiigctl  in  an  exernal  circular  and  an  internal  longitudinal  b un.  As  the  heat  i 
develops  during  the  embryonic  life  the  longitudinal  fortn  becomes  curved,  the 
venous  portion  being  doubled  over  upon  the  arterial  portion,  ihe  auricle  being 
in  a c.orsal  position  to  the  left  of  the  ventricle.  Later  in  its  development  the 
single  cavity  of  the  auricle  and  the  ventricle,  such  a--  we  find  in  the  embryonic 
life,  becomes  divided  into  two,  when  the  septum  is  formed,  dividing  the  oiigi- 
nal  single  chamber  into  two  In  the  case  of  the  auricle,  the  fibers  remain  less 
c>  in  plicated  than  tlio-e  of  the  ventricle,  the  fibers  of  the  ventricles  being  ar 
ranged  in  a spiral  form.  The  fibres  of  the  auricle  are  perfectly  distinct  from 
tnose  ciLthe  ventricles,  being  separated  by  tendinous  rings,  these  fibers  forming 
tup  layers;  an  inner  longitudinal  set  for  each  auricle  and  an  outer  transverse 
set  for  both  auricle-.  There  are  said  to  be  seven  layers  of  fibers  const i tut i . 
the  walls  of  e-ich  ventricle,  three  external  layers,  three  internal  layers  and  a 
mid  le  layer.  These  layers  are  so  arranged  that  the  first  external' layer  is  con 
tmuou-  wi  h t!ie  last  internal  layer,  the  second  external  with  the  .-econd  last 
layer  of  the  internal,  etc.  The  pericardium  is  a conical  shaped  sac;  its  base 
resting  on  the  diaphragm  and  its  upper  part  encompassing  the  roots  of  the  larg- 
er vessels.  There  is  an  outer  layer  of  tissue  and  an  inner  lave  of  serous  mem 
brane  which  covers  t’  e outer  surface  of  the  heart  In  the  interspace  between 
these  two  layers  is  lound  the  peri  cardial  fluid-  The  endo-cardium  or  the  I in 
ing  membrane  of  the  heart  consists  of  connective  tissue  and  elastic  fibers  i\  ini 
iug  a ,-trong  wall  which  round  about  the  openings  into  the  vessels  is  very 
strongly  developed.  Among  the  elastic  fibers  are  found  scattered  bundles  of 
unstri  ed  muscular  fibers.  The  fibers  of  this  muscle  .being  used  as  a means  of 
resistance  to  the  heart  contraction  and  also  a resistance  against  the  extreme 
pressure  on  ihe  endocardium.  Functionally,  the  heart  is  a muscular  and  a vai 
vular  ’pump  working  on  mechanical  principles,  the  force  being  supplied  by  i fie - 
contraction  of  the  muscular  fibers,  the  beats,  or  strokes  of  the  heart  being  ie 
peated  so  many  times j>er  minute — 7;?  normally  in  man,  which  corresponds  to 
the  pulse.  The  heart  is  so  furnished  with  valves  that  at  each  heat  of  the  heart 
a qu  unity  of  blood  is  'orbed  from  the  left  ventricle  into  the  aorta  and  the  bl  od 
carries  with  it  a certain  amount  of  force  sufficient  to  drive  it  along  the  vessels, 
the  same  quantity  of  blood  being  received  at  each  heart  beat  from  the  veins  in 
to  the  right  auricle.  The  action  of  the  heart  is  thus  partly  mcchani  al  and 
Bdgdy  vital  The  vital  action  is  deter  mi  ne.d_.hv  the  causes  which  produce  ihe 
thythm,  power  or  force,  and  general  character  of  the  heat,  whereas,  the  me- 
chanical action  is  determined  by  the  frequency,  force  and  general  chaiacter  of 
the  heart  beat  together  with  the  amount  of  "blood  tHat Is  forced  out  tt  each  beat.  ~ 
The  e n traction  of  the  auricles  is  quite  independent  of  the  contraction  of  the 
ventricles  and  the  heart  rhythm — that  is,  the  frequency  of  the  heart  beat — being 
normal  the  auricular  an  1 ventricular  contractions  correspond  with  each  other. 

1 he  character  of  each  b “at  i-  determined  by  the  changes  which  take  place  in 
the  tissues  of  the  heart  When  the  heart  grows  feeble,  or  win  n the  heart 
is  dying  the  auricle  beats  several  times  to  every  beat  of  the  ventricle  till  at  last 
only  auricular  contraction  is  found  taking  place,  the  right  auricle  being  the 
last  portion  of  the  heart  to  die,  hence  called  the  ultimum  moriens.  The  con- 
trac  ion  of.  the  crenlar  fibers  around  the  openings  of  the  veins  into  the  heart, 
causes  the  bio  djo  pass  into  the" auricles  ami  tlie  constriction  of  these  filters 
proven ‘s  regurgitation  of  the  blood,  these  constricted  fibers  acting  the  part 
yalygh,  I he  double  layers  of  fibers  in  the  .auricles  upon  contraction  produce  a 
uniform  diminution  of  the  <‘a-  it \ of  the  auricles.  The  spiral  form  of  tin-  fib 
ers  - you  remember  that  was  mentioned  in  connection  with  the  ventricle  walls — 
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in  the  walls  of  the  ventricles  upon  contraction  give  to  it  great  force  so  that  the 
blood  can  be  driven  out  with  great  force.  The  valvular  arrangement  is  of 
great  value,  physiologically,  in  connection  with  the  action  of  the  heart  Tin 
tricuspid  valve  protects  the  right  auriculo-ventricular  opening  The  * tricuspid 

valve  consists  of  three  flaps,  hence,  the  name,  tricuspid  valve,  of  fibrous  ami 

elastic  tissue  covered  on  the  inside  with  endo  cardium— the  same  as  in  t''e  lin 
mg  of  the  heart.  These  surround  the  opening  and  are  kept  in  place  by  the 
chordae  tendmeae.  The  bicuspidor  mitral  valve  protects  the  left  auriculo  ven 
tricular  opening  and  consists  as  its  name  indicates  of  two  sections  or  segments 

of  a pointed  character  and  of  the  same  composition  as  the  tricusoid  flaps  In 

the  auriculo-ventricular  valves  we  find  the  striated  muscular  fibers  the  fibers 
extending  from  the  auricles  to  the  sections  or  segments  of  the  valves  In  ’his 
way  the  valves  become  shorter  at  the  base  and  so  a larger  orifice  is  presented 
for  the  passage  of  the  blood  into  the  ventricles— these  minute  details  being 
functionally  of  great  importance  At  the  base  of  these  segments  or  cusps  tin  re 
is  a layer  of  concentrated  fibers  which  act  with  a constrictive  force  towards  the 
base  of  the  valves.  The  aortic  and  pulmonary  orifices  are  protected  bv  the  hV 
mold  or  semilunar  valves.  Each  of  these  valves  consists  of  three  semilunar 
segments  and  each  segment  or  cusp  is  bound  by  its  external  surface  to  the  ar- 
terial wall,  its  free  surface  or  margin  reaching,  projecting  inside  the  vessel 
these  segments  consist  of  fibrous  tissue  covered  with  the  endo-cardium— the 
same  as  the  membranous  lining  of  the  heart.  Opposite  each  semi  lunar  cn^n 
is  a thickening  of  the  vessel  called  the  sinus  of  Valsalva— this  is  a ve-v  import- 
ant function  in  connection  with  the  circulation  of  the  blood.  These  sinuses  in 
the  aorta  are  arranged  one  of  them  anteriorly  and  two  of  them  posteriorly.  ‘ 

From  the  anterior  rises  the  right  coronarv  artery  and  from  the  left  po  - 
tenor  the  left  coronary  artery,  the  vessels  which  furnish  blood  suppliesto 
the  heart  substance— that  is  these  arteries  supply  the  blood  to  the  heart  sub- 
stance. It  is  probable  that  during  the  contraction  of  the  ventricle  the  semilu- 
nar  valves  d°  not  cover  the  openings  of  the  coronarv  artery.  According  to 
oandborg  these  semilunar  valves  close  just  after  the  ventricles  have  hegun  to 
relax.  The  vessels  of  the  myocardium  are  very  numerous  representing-  the 
great  activity  of  the  heart  substance. 

Some  physiologists  have  ligatured  the  coronary  aiteries  in  dogs  and  found 
that  in  two  minutes  cardiac  contractions  give  place  to  twitchings  of  the  muscle 
hbers  and  then  the  heart  ceased  beating  Ligature  of  the  one  arterv  affects 
hrst  the  ventricle,  then  the  other  ventricle  and  finallv  the  auricles. 
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In  the  case  of  hardening  of  the  coronary  arteries  found  in  old  age,  there 
is  diminished  action  with  heart  weakness.  This  hardening  is  sometimes 
called  ossification  of  the  heart  and  induces  if  it  does  not  produce  death  hna  y, 
from  the  cessation  of  the  heart  simply  due  to  old  age.  Death  may  occur  sue 
denly  from  quick  cessation  of  the  heart’s  action.  Ihe  size  of  the  heart  is  long  \ 
estimated  according  to  Lsennec  to  be  about  equal  to  the  closed  hand.  In  the 
child,  until  the  body  reaches  40  kilograms,  in  weight  the  heart  is 
about  5 grams  to  one  kilogram.  When  the  body  weight  is  from  50  to  90  kilo- 
gams  the  proportion  is  4 grams  to  one  kilogram,  and  when  the  body  weight  is 
1 00  kilograms  the  proportion  is  3.5  grams  to  one  kdogiam.  The_p)roportional 
heart  weight  to  body  weight  according  to  this  would  be  1 to  150  or  1 to  170, 
varying  with  the  advance  of  age,  as  the  auricles  increase  in  strength.  The 
mean  weight  of  the  heart  in  the  adult  male  is  from  309  to  312  grams.  In  the 
female  255  to  274 — smaller  in  si^e,  physiologically,  at  least,  the  average  about 
270.  The  two  ventricles  seem  to  be  about  equal  in  their  capacity,  although 
after  death  the  post  mortem  heart  practically  seems  to  indicate  that  the  right 
ventricle  is  larger  than  the  left  ventricle,  but  this  is  due  to  the  fact  that  the 
left  ventricle  is  usually  empty  of  blood,  while  the  right  ventricle  is  filled  with 
blood.  The  wall  of  the  left  ventricle  is  much  greater  in  thickness  than  the 
wall  of  the  right  ventricle.  The  thickness  of  the  left  ventricle  at  this  middle 
portion  is  about  11.25  to  n-4°  millimeters  ; in  the  female  it  is  slightly  smaller, 
1 1. 15.  In  the  case  of  the  right  ventricle  the  average  thickness  in  the  male  3.8 
to  4.1  and  in  the  female  3.6.  These  represent  the  physical  properties  connect- 
ed with  the  heart. 

SECTION  III— The  Physiology  of  the  Heart’s  Action. 

If  the  hand  is  placed  on  the  chest  between  the  5th  and  6th  ribs  below  and 
internal  to  the  central  part  of  the  left  nipple  an  impulse  is  felt.  The  method 
of  examining  the  liearc  in  this  way  is  called  palpation.  If  the  ear  is  placed 
over  the  heart  or  in  connection  with  the  stethoscope  certain  sounds  are  heard, 
the  frequency  and  the  character  of  which  are  of  great  physiolgical  value.  This 
method  of  examination  is  called  auscultation.  By  means  of  percussion  the 
exact  extent,  size  and  condition  of  the^heart  may  be  ascertained  as  well  as  its 
relation  to  the  lungs  and  the  presence  or  the  absence  of  the  fluids  in  the  peri- 
candium.  This  method  is  called  the  method  of  percussion.  Certain  instru- 
ments are  also  used  for  the  purpose  of  registering  the  action  of  the  heart.  The 
movements  of  the  heart  are  found  tc  consist  of  a series  of  contractions  occur- 
ring successively  with  a certain  rhythm.  The  state  of  contraction  is  called 
systole  while  the  condition  of  relaxation  is  called  diastole.  The  two  auricles 
contract  and  relax  simultaneously,  followed  by  simultaneous  contractions  and 
relaxation  of  the  ventricles.  This  gives  us  asystole  and  diastole  of  both  the 
auricles  and  the  ventricles. 

As  we  have  seen  the  heart  is  a double  organ  with  an  auricle  and  a ventri- 
cle in  each  lateral  half.  In  each  part  the  contraction  and  relaxation  of  the 
auricle  is  followed  by  the  successive  contraction  and  relaxation  of  the  ventricle. 
Following  this  succession  of  contractions  and  relaxations  there  is  said  to  be  in 
diastole — not  a part  of  the  heart,  but  the  whole  heart  is  said  to  be  in  diastole. 
In  this  way  we  have  three. periods,  the  systolic;  the  diastolic;  the  .diastole  of  the 
whole  heart.  This  series  of  actions  Beginning  with  the  auricular  systole  and 
closing,  with  the  diaslnlp  of  the  whole  heart  is  called  the  period  of  revolution  or 
the  cardiac  cycle.  The  auricular  systole  occupies  1-5  of  the  entire  period  of 
revolution.  One-fifth  would  correspond  With  the  systole,  the  ventricular  sys- 
tole, 2-5  of  the  entire  period  of  revolution  followed  by  the  period  of  rest,  which 
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occupies  the  balance  of  the  5-5,  which  would  be  2-5.  These  correspond  with 
the  three  periods  of  the  cardiac  cycle.  The  auricular  systole  immediately  pre- 
cedes the  ventricular  s\  stole  and  the  commencement  of  t lie  venTrlcul ay  systol<~is 
simultaneous  with  the  beginning  of  the  auricular, diastole.  Tliclauricles  and 
the  ventricles  being  thus  in  diastole  2-5  of  the  whole  periol  of  rev 
Chauveau  and  Marey,  two  physiologists  who  have  investigated  this  'subject, 
have  made  use  of  the  cardiac  sound  in  connection  with  the  tracing  of  the  move- 
ments of  the  heart  of  a horse — not  a human  heart  in  this  case.  This  cardiac 
sound  is  very  much  like  the  surgeon’s  sound  which  is  used  in  connection  with 
stone  in  the  bladcer. 

This  sound  is  passed  into  the  right  side  of  the  heart  through  the  jugular 

vein  and  the  superior  vena  cava — the  horse  is  supposed  to  be  still  living the 

lower  end  of  the  sound  with  its  elastic  bag  being  passed  down  into  the  ventri- 
cle while  the  upper  end  of  the  sound,  also  with  an  elastic  bag,  remains  in  the 
auricle.  Each  bag  is  placed  in  connection  with  a recording  instrument — in  this 
case  it  was  tambour  of  Marey— and  along  with  the  cardiograph  which  is  applied 
externally  over  the  apex  of  the  beating  heart,  they  are  attached  to  a revolving 
cylinder,  blackened,  of  course,  the  varations  found  in  connection  with  the  elas- 
tic bag  being  regarded  as  a tracing  on  the  black  cylinder.  In  ibis  case  there 
are  three  tracings  present,  the  one  representing  the  lower  elastic  bag,  one  the 
upper  elastic  bag,  and  then  the  one  that  represents  the  cardiograph  from  the 
apex  of  the  heart.  As  a result  of  this  experiment  the  following  points  have 
been  noted  physiologically. 

1st.  Ventricular  contraction  is  more  sudden  than  auricular  contraction. 
The  tracing  gives  us  a ventricular  set  of  curves  and  an  auricular. 

2nd.  The  ventricular  contraction  lasts  longer  than  the  auricular  con- 
traction. 

3d.  Auricular  contraction  and  relaxation  occupies  almost  equal  periods, 
whereas,  ventricular  relaxation  is  almost  twice  t h e e n g tTT~ofve  n tilcular  :on- 
traction. 

4th.  As  a result  of  what  is  contained  in  the  third  point,  auricular  move- 
ments are  found  to  be  uniform  and  present  a wave  like  appearance,  whereas, 
the  ventricular  are  irregular  and  sporadic.  • 

5th.  Auricular  movement  precedes  the  ventricular  and  the  (Impulse  of  the 
apex  against  the  chest  wall  occurs  during  the  ventricular  movement. 

6th.  Auricular  contraction  influences  the  pressure  in  the  ventricle. 

7th.  During  the  ventricular  contraction  there  are  oscillations. of  pressure, 
influencing  both  the  auricle  and  the  ventricle — there  are  no  oscillations  in  the 
auricular  contraction,  but  there  are  in  the  ventricular  and  those  oscillations  are 
so  large  that  they  influence  not  only  the  ventricle  but  also  the  auricle.  These 
points  present  the  main  features  in  connection  with  the  changes  that  are  found 
in  the  cardiac  cycle.  Although  these  experiments  were  made  on  the  horse, 
the  investigation  in  connection  with  the  same  subject  indicates  that  there  is  no 
marked  difference' from  this  in  the  human  subject.  But  these  results  are  as 
we  find  them  in  the  horse. 

When  the  auricles  pass  into  perfect  diastole,  the  blood  is  pouring  through 
the  vena  cava  and  the  pulmonary  veins  into  the  auricles.  The.  auricular  cav- 
ity being  enlarged  while  auriculo  ventricular  valve  protects  the  orifices.  This 
distended  condition  of  the  auricles  is  due  in  part  at  least  to  the  pressure  of  the 
superior  and  inferior  vena  cava  and  also  of  the  pulmonary  veins,  this  pressure 
being  greater  than  the  internal  auricular  pressure.  It  is  also  due  in  part  to  the 
suction  action  of  inspiration  drawing  the  blood  from  the  veins  out  side  of  the 
chest  to  those  inside  of  the  chest  and  thus  promoting  circulation  towards  the 
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heart — not  into  the  heart  but  in  the  direction  of  the  heart.  While  this  takes 
place  the  two  ventricles  are  being  filled  with  blood  through  the  auriculo  ventric- 
ular openings.  As  soon  as  the  auricles  are  completely  disteuded^which  takes 
place  before  the  ventricles  are  distended  because  the  ventricular  capacity  is 
greater  than  the  auricular  capacity,  the  auricular  systole  then  begins  by  the  con-_ 
traction  of  the  auricular  walls  and  the  emptying  of  its  cavity  auricular  cavity— 
and  by  the  contraction  of  the  circular  fibers  of  the  orifices  of  the  venous  open- 
ings into  the  auricles.  These  movements  rapidly  pass  over  the  auricular  walls, 
transmitting  the  wave  of  contraction  on  toward  the  auriculo  ventricular  ori 
fices.  This  wave  of  contraction  running  along  the  auricular  wall  drives  the 
blood  in  the  direction  of  least  resistance— that  is  of  course,  out  of  the  auricle 
into  the  ventricle  the  ventricle  being  partially  filled  with  blood  already  and 
gradually  passing  out  of  the  state  of  relaxation. 

The  blood  cannot  pass  backwards  on  account  of  the  venous  pressure  and 
the  contraction  of  the  orifices  of  the  veins  which  marks  the  commencement  of 
the  auricular  svstole.  Thgje  is,  however,  a temporary  arrest  of  the  blood  flow 
into  the  large  veins.  This  indicates~that  the  auricles  not  only  act  as  a medium 
for  the  transmission  of  blood  from  the  veins  to  the  auricles  but  also  that  these 
auricles  act  as  rythmic  cavities  which  preserve  the  pressure  in  the  veins,  lessen- 
ing by  their  distension  the  pressure  in  the  veins,  which  tends  to  increase  during 
the  ventricular  systole,  and  increasing  the  pressure  by  contraction  when  venous 
pressure  tends  to  diminish  towards  the  close  of  the  ventricular  diastole. 

In  the  case  of,  the  auricles  and  the  ventricles  we  find  during  their  disastole 
a suction  action  which  is  feeble,  however,  as  compared  with  the  force  of 
pressure.  Immediately  Tollowing  the  auricular  contraction  is  the  ventricular 
systole',  the  quantity  of  blood  driven  by  the  auricular  systole  into  the  ventricles 
which  have  alreadybeen  partially  filled  during  the  auricular  diastole,  being 
sufficient  to  fill  the  cavities  of  the  venl rides.  While  the  blood  is  flowing  out 
of  the  auricles  into  the  ventricles,  the  auriculo-ventricular  valves  become 
slightly  horizontal,  this  being  partly  due  to  the  contraction  of  the  longitudinal 
fibers  extending  from  the  auricle  into  the  segments  of  the  valves.  On  the  con- 
traction of  the  w'alls  of  the  ventricles  the  surfaces  of  the  auriculo-ventricular 
valves  come  together  thus  preventing  the  cusps  from  being  injected  into  the 
auricle.  The  papillary  muscles  (musculi  papillares)  contracting  simultaneously 
and  tightening  the  chordae  tendinese  which  are  attached  to  the  ventricular 
side  of  the  valves.  The  cusps  are  closely  pressed  together  along  their  margins 
on  account  oc  the  fact  that  the  chordae  tendinese  of  one  papillary  muscle 
passes  to  the  adjacent  edges  of  the  two  flaps.  By  this  means  the  tricuspid 
valve  on  the  right  side  and  the  mitral  valve  on  the  left  side  are  kept  closely 
and  firmly  closed,  the  blood  being  prevented  from  regurgitating  because  the 
orifices  are  completely  and  securely  closed.  When  the  ventricular,  systole 
begins,  the  .1 iemilunar  valves  of  the  pulmonary,  artery  are  closed,  but  as  the 
pressure  of  the  ventricle  ffipon  the  blood  increases.  the_,semilunar  valves  are 
forced  open  and  the  bio /l  passes  into  the  pulmonary  artery  from  the  right  and 
interfile  aorta  from  the  left  ventricle,  fu  the  ventricles  the  pressure  is  highest  at 
the  conimencemeiif  of  ' ffiie  contraction  when  tne  pressure  is  said  to  be  positive. 
During  contraction  it  reaches  its  lowest  point,  becoming  negative  at  the  close 
of' ‘the  '■contraction  "of  the  systole.  At  this, time  there. is.a  suction  actlpn  due 
to  the  emptying  of  the  cavity  bv-  the  sudden  and  forceful  expulsion  of  the 
blood  ^Tn  to  tne  aorta  and  the,  pulmonary  artery,.  The  pressure  is  negative, 
also,  during  the  diastole  that  immediately  follows.  When  the  blood  pasess 
from  the  ventricles,  the  semilunar  valves  are  forced  open,  tneir  dusps 
being  stretched  across  the  sinuses  of  Valsalva,  that  lie  behind  each  cusp  without 
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being  pressed  against  the  vessel  wall,  the  reflux  current  of  the  blood  preventing 
the  contact  of  the  cusps  with  the  vessel  wall,  and  as  the  amount  of  bloodls, 
greatly  increased  on  account  of  the  blood  that  is  expelled  from  the  ventrice  is 
and  the  blood  present  in  the  vessels  before  the  expulsion,  the  pressure  is 
increased  in  the  vessels  and  the  vessel  walls  become  distended.  When  the  last 
of  the  volume  of  the  blood  leaves  the  ventricles  a negative  pressure  appears 
behind  the  blood  current,  resulting  in  a reflux  current  from  flip  artery  to  tlu- 
ventricle.  This  reflux  current  assists,  according  to  some  Physiologists,  causes 
the  cloture  of  the  valves  behind  the  blood.  The  ventricular  systole  now  closes 
after  the  ventricle  has  continued  in  the  state  of  contraction  for  a short  period, 
the  muscular  walls  relax,  the  ventricle  returns  to  its  original  form  and  position. 
With  the  beginning  of  the  relaxation  of  the  ventricles,  the  auriculo  ventricu- 
lar openings  again  open  and  the  blood  passes  from  the  auricles  into  the  ventri- 
cles; at  the  same  time  the  delicate  arterial  walls  yield  to  recoil  forcing  a part  of 
the  blood  back  towards  the  ventricular  cavities  in  which  the  blood  pressure  is 
much  less  than  the  arterial  pressure,  as  they  pass  into  diastole.  This  quantity 
of  blood  that  it  forced  back  by  reflux  pressure  finds  a lodgment  in  the  sinuses 
of  valsalva, and  the  pouches  of  the  semilunar  valves,  closing  the  valves  themselves, 
thus  preventing,  in  this  way,  the  flow  of  blood  backward  into  the  ventricles. 
From  the  close  of  the  ventricular  contraction  until  the  auricles  are  again  filled 
with  blood  all  the  heart  cavities  are  dilated,  the  cavities,  themselves,  being 
gradually  filled  with  blood  This  is  the  period  of  rest  or  pause  during  which 
the  whole  heart  is  supposed  to  be  resting. 

SECTION  IV— Changes  in  the  Heart. 

The  changes  in  the  active  beating  heart  are  so  rapid  that  they  cannot  be 
observed  so  as  to  form  any  adequate  conception  of  the  exact  nature  of  these 
changes.  The  ventricles  are  constantly  changing  in  their  form.  For  example: 
While  the  blood  is  pouring  into  their  cavities  from  the  auricles  through  the 
auriculo-ventricular  openings  during  the  increase  of  the  pressure  on  the  walls; 
while  the  wave  of  pressure  contraction  is  passing  along  the  walls;  while  that 
pressure  is  acting  upon  the  blood  contained  within  these  cavities  in  driving  it 
out  into  the  arteries;  and  finally  during  the  relaxation  of  the  walls  after  the 
expulsion  of  the  blood. 

During  systole  the  ventricles  become  tense,  being  larger  during  diastole, 
the  difference  in  size  being  measured  by  the  volume'bf  blood  that  is  driven  out. 
The  whole  contents  are  driven  out  at  each  stroke,  the  emptying  taking  place 
from  the  apex  of  the  cavity  towards  the  opening  of  the  artery.  While  this 
takes  place  there  is  a change  from  the  hemispherical  form  with  an  elliptical  base 
to  a more  conical  form  with  a circular  base,  the  transverse  diameter  being 
diminished  and  the  antgro  posterior  diameter  increased.  This  increased 
fronto- posterior  diameter  and  decreased  transverse  diameter  changes  the  form 
of  the  base  of  the  ventricle.  During  diastole  the  base  is  elliptical  with  the  long 
axis  from  side  to  side,  frontallv  being  convex  and  posteriorly  flattened.  Dur- 
ing the  systole  the  base  becomes  circular,  the  whole  base  being  contracted  and 
thus  rendering  more  efficient  the  action  of  the  tricuspid  and  the  mitral  valves. 
Ludwig  and  Hesse,  two  Physiologists,  have  made  experiments  in  this  connec- 
tion on  the  heart  of  the  dog.  They  distended  the  living  heart  of  the  dog  until  it 
dilated  under  a pressure  equal  to  the  arterial  pressure.  The  ventricles  are  in 
the  diastole  and  the  auricles  continue  to  beat.  A plaster  cast  is  made  of  the 
ventricles  in  this  state,  giving  a mold  of  the  diastolic  condition  of  the  heart.  In 
order  to  obtain  the  systolic  phase  of  the  heart,  a living  heart  emptied  of  its 
blood  is  snddeuly  plunged  into  a hot  solution  of  potassic  bichromate,  the  solu- 
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tion  is  at  temperature  50  degrees  C.,  when  the  heart  gives  a strong  final  con* 
traction  remaining  permanently  in  this  rigor  condition,  under  the  influence  of 
coagulation.  In  this  state  a cast  is  made  which  represents  the  systole  phase.  In 
order  to  obtain  the  heart  cavities,  two  hearts  were  taken,  filled  with  blood;  the 
one  filled  with  blood  is  put  into  a cold  solution  of  patassic  bichromate,  causing 
the  hardening  in  diastole,  while  the  other,  filled  with  blood  is  put  into  a hot 
solution  of  potassic  bichromate.  Casts  were  then  made  of  the  cavities  of  the 
heart.  As  a result  of  this  experiment,  it  was  found:  1st.  Injiiastole,  the  ven- 
tricle is  hemispheroidal,  the  apex  circular,  the  posterior  surface  flatter  than 
anterior  surface  : the  base  an  ellipse,  its  greatest  diameter  being  from  right  to 
left,  and  its  shortest  diameter  from  apex  to  base.  The  heart  assuming  an 
inclination  towards  the  apex.  2 net.  During  the  systole  the  apex  becomes 
jjpinted;  the  ventricle  assuming  a conical  shape,  the  base  is  circular,  and  its 
transverse  diameter  is  diminished  so  that  from  apex  to  base  is  longer  than  the 
diameter  at  the  base.  The  inclination  of  the  heart  has  entirely  disappeared, 
the  apex  being  now  almost  exactly  opposite  the  center  of  the  base.  The  heart 
is  thus  decreased  in  all  its  diameters  except  one,  this  is  its  perpendicular,— 
not  included  at  any  angle.  The  arterial  openings  are  scarcely  affected  if 
affected  at  all.  The  auriculo  ventricular  orifices,  however,  are  diminished.  In 
this  way  the  fibers  of  the  heart,  during  the  systole,  contract  at  these  orifices, 
assisting  the  closure  of  these  valves  and  preventing  the  regurgitation  of  the 
blood. 

These  changes  in  form  involve  necessarily  changes  in  position.  During 
systole  the  ventricles  are  inclined  toward  the  head  and  the  median 
line,  while  the  base  of  the  ventricles  recedes  from  the  back,  moving  toward  the 
apex.  This  base  movement  is  followed  by  a lengthening  of  the  aorta,  the 
pulmonary  artery  causing  in  all  probabilily  the  descent  of  the  base  in  the  con- 
tracting ventricles.  The  apex  remains  still  in  contact  with  the  chest  wall. 
During  diastole  the  ventricle  becomes  soft  and  distended,  the  changes 
taking  place  being  exactly  the  reverse  of  those  taking  place  during  systole 
whicH  I have  just  mentioned.  Cardiac  impulse:  If  a hand  is  placed  on  the 

chest  a shock  or  impulse  may  be  felt  along  with  each  beat.  In  a human  subject  this 
impulse  is  felt  in  the  fifth  left  intercostal' space  about  two  inches  below  the 
nipple  and  about  one  inch  to  the  left  of  the  sternum.  This  impulse  is  syn- 
chronous with  the  systole  of  the  ventricle  and  is  produced  by  the  apex  of  the 
ventricle  being  firmly  pressed  against  the  the  walls  of  the  chest  from  which  it  is 
separate!  during  the  period  ot  rest  by  the  free  surface  of  the  lungs.  This 
impulse  is  a distinct  result  of  the  hardening  of  the  ventricle  during  the  systoles 
the  impulse  itself  being  the  result  of  the  apex  brought  out  into  sudden  contact 
with  the  chest  wall,  the  impulse  being  conveyed  through  the  chest  wall  to  the 
surface  of  the  skin.  During  systole  the  apex  is  brought  into  close  contact 
with  the  chest  wall  by  the  movement  of  the  ventricle  toward  the  front,  on 
account  of  which  it  becomes  hard  and  tense.  The  ventricles,  during  systole, 
contract;  the  contraction  of  the  cavities  producing  a pressure  that  is  greater 
than  the  aortic  and  the  pulmonary  arterial  pressure.  As  a result  of 
this,  the  ventricle  hardens,  sudden  pressure  being  assisted  by  close  proximity 
to  the  chest  wall,  imparting  a shock  to  the  chest  wall  and  also  to  the  diaphragm. 
By  the  use  of  the  cardiograph,  this  impulse  may  be  traced.  If  the  cardiograph  is 
placed  over  the  spot  where  the  impulse  is  strongest  the  lever  of  the  cardiograph 
rises  during  the  ventricular  systole  and  falls  when  it  passes  off.  If  the  lever 
button  is  placed  slightly  away  from  the  point  of  the  strongest  impulse,  the 
lever  will  fall  instead  of  rise  during  the  ventricular  systole,  because  away  from 
the  point  of  impact  or  strongest  impulse  the  ventricle  instead  of  coming  into 
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close  contact  with,  retires  from  the  chest  wall  and  pericardial  attachments  of 
the  mediastinum  draws  the  chest  wall  after  it. 

In  the  space  which  becomes  protruded  by  the  impulse,  the  soft  parts  are 
found  to  be  slightly  drawn  in,  this  attraction,  caused  by  the  lessened  size  of 
the  contracting  ventricles,  being  called  the  negative  pressure.  During  the  ven- 
tricular systole,  the  heart-form  changes.  During  rest  the  heart  is  an  ohjigip 
cone  with  an  elliptical  base,  during  systole  it  becomes  regularly  conical  and  the 
base  becomes  circular.  During  contraction  the  apex  inclines  upward  and  for- 
ward, being  driven  into  the  intercostal  space,  the  ventricles  turning  on'  the  long 
axis  from  left  to  right  partially  exposing  the  left  ventricle.  This  twisting  mo- 
tion gives  the  impulse  which  is  produced  by  the  contraction  oT the  obliquely 
placed  fibers  of  the  ventricles  drawing  up  the  apex,  this  movement  being  as- 
sisted by  the  spiral  form  of  the  aortic  and  the  pulmonary  arteries.  It  has  been 
stated  by  some  Physiologists  that  the  impulse  is  partly  due  to  the  reaction  of 
the  ventricles,  producing  a recoil  when  the  cavities  are  emptied  of  blood  so  that 
the  apex  is  pushed  outward  and  downward.  Other  Physiologists  ascribe  the 
impulse  in  part  to  the  elongation  of  the  aorta  and  pulmonary  artery  on  account 
of  which  the  apex  is  pushed  outward  and  downward  toward  the  chest  wall. 
These  actions  may  assist  in  producing  the  impulse,  but  the  main  cause  is  the 
twitching  movement  of  the  ventricles.  That  this  twitching  movement  is  the 
cause  of  the  impulse  is  evident,  ( ist),  from  the  fact  that  the  impulse  takes 
place,  even  when  the  heart  cavity  is  empty  of  blood;  as,  for  example,  in  case 
of  severe  hemorrhage.  Even  in  this  case— of  severe  hemorrhage — the 
ventricle  seems  to  harden  and  this  hardening  changes  the  direction  of  the  heart, 
turning  it  around  and  producing  a twitching  against  the  cavity  of  the  chest 
wall.  (2d).  This  is  still  more  evident  from  the  fact  that  an  empty  heart  en- 
tirely removed  from  the  body  and  placed  upon  a table  or  some  flat  surface 
raises  its  apex  as  it  hardens  in  the  systole,  the  same  impulse  being  felt  in  the 
case  of  the  heart  under  these  conditions  if  the  finger  is  placed  over  the  rising; 
aPex>  proving  the  fact  that  it  is  a change  in  the  heart  itself—  not  The  question 
of  the  presence  of  the  blood  and  not  the  question  of  recoil,  but  simply  the 
twitching  movement  of  the  heart  itself. 

In  order  to  produce  the  tracing  of  the  apex  beat,  cr  a cardiogram — (the 
instrument  is  the  cardiograph  and  the  tracing  on  the  instrument  is  the  cardio- 
gram,) various  instruments  called  cardiographs  have  been  invented.  The 
improved  cardiograph  of  Marey  consists  essentially  of  a tambour  with  a button 
attachment  to  the  membrane,  which  is  applied  over  the  apex  beat.  The  motions 
of  the  air  inside  the  capsule — in  this  case  it  is  air  motion— are  communicated  by 
means  of  a tube  to  a recording  tambour.  The  tracings  which  are  obtained  give 
distinctly  the  contraction  of  the  auricles  contracting  in  the  direction  of  the  axis 
of  the  heart  from  the  right  upwards  toward  the  left  downwards  and  causing  the 
apex  of  the  heart  to  move  slightly  towards  the  intercostal  space.  Smaller  con- 
tractions give  slight  curve  elevations.  These  smaller  contractions  being  due  to 
the  contraction  which  takes  place  at  the  ends  of  the  veins  and  the  auricular 
appendages.  Then  follows  the  curve  representing  the  greatest  impulse  which 
is  cau  ed  by  the  contraction  of  the  ventricles.  This  contraction  being  simulta- 
neous with  the  first  sound — these  sounds  will  be  discussed  in  connection  with 
the  cardiac  sounds.  The  curve  then  rapidly  falls  when  the  ventricles  relax,  the 
blood  in  the  aorta  and  the  pulmonary  artery  being  driven  back  by  the  recoil  of 
the  arterial  walls,  thus  closing  the  semilunar  valves.  This  impulse  is  commu- 
nicated to  the  apex  of  the  ventricles  causing  oscillation  of  the  intercostal  space. 
It  would  seem  from  the  tracing  of  the  curves  that  the  aortic  and  pulmonary 
valves  do  not  close  simultaneously — the  aortic  valve  closing  first  and  then 
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about  i- 1 oo  of  a second  later  the  pulmonary  valve.  This  difference  is  due  to 
the  greater  aortic  pressure — the  aortic  is  greater  than  the  pulmonary  pressure 
and  in  this  case  the  aortic  closes  sooner  than  the  pulmonary  valve.  The  trac- 
ings as  found  by  Landois  and  Marey  by  his  improved  cardiograph  seems  to  come 
very  much  like  that  ; that  is,  the  tracing  which  represents  the  normal  move- 
ments or  movements  in  connection  with  the  condition  of  elements  in  the  cardiac 
cycle. 

The  heart  seems  to  exist  chiefly  for  the  purpose  of  exerting  a_  pressure 
upon  the  blood  in  its  cavities  so  as  to  secure  the  normal  circulation.  It  is  difficult 
to  state  these  movements  because  the  mercurial  manometer  fails  us  in  this  case. 
The  most  convenient  instrument  to  use  is  a long  tube  open  at  the  top  end  and 
filled  with  a solution  of  sodium  carbonate.  This  tube  may  be  introduced  through 
the  jugular  vein  into  the  right  auricle  and  the  right  ventricle,  and  it  may  be 
introduced  through  the  carotid  artery  and  the  aorta  into  the  left  ventricle.  By 
establishing  a connection  between  this  tube  and  the  mercurial  manometer,  in 
this  case  it  is  the  maximum  and  minimum  instrument,  records  may  be  taken  of 
the  pressure  of  these  three  cavities;  the  right  auricle,  the  left  ventricle  and  the 
right  ventricle.  In  this  case  we  get  the  maximum  and  minimum  pressure 
attained  in  each  one  of  these  cavities.  As  a result  of  this  it  is  found  that  the 
maximum  pressure  in  the  left  ventricle  is  greater  than  the  normal  pressure  in 
the  aorta,  that  the  maximum  in  the  left  ventricle  is  also  greater  than  the  maxi- 
mum pressure  in  the  right  ventricle  and  in  the  right  auricle  the  pressure  is 
greatly  diminished.  In  connection  with  the  minimum  records  it  is  found  that 
there  is  a negative  pressure,  that  is,  a pressure  less  than  the  atmosphere.  This- 
negative  pressure  may  be  partly  due  to  aspiration  in  the  respiratory  processes 
but  even  when  we  take  account  respiration  it  is  found  that  there  exists  still  a 
negative  pressure,  at  least,  a negative  pressure  in  the  left  ventricle  which  is 
very  distinctly  marked.  This  means  that  at  some  point  in  the  cardiac  cycle 
there  must  be  a negative  pressure  normally.  This  negative  pressure  may  arise 
in  one  of  two  ways — 

i st.  When  the  blood  is  driven  out  very  quickly  from  the  ventricle  into 
the  aorta  a negative  pressure  seems  to  arise.  This  pressure  partially  accounts 
for  the  closure  of  the  semilunar  valves  and  therefore,  this  negative  pressure 
would  be  greatest  at  the  orifices  of  these  valves.  The  manometer  however  indi- 
cates that  the  reverse  of  this  is  true  in  the  case  of  abnormal  negative  pressure, 
that  the  greatest  negative  pressure  seems  to  exist  within  the  cavity  of  the  ven- 
tricle itself.  For  this  reason  this  could  not  satisfactorily  account  for  the  nega- 
tive pressure,  therefore,  we  have  the  second  explanation. 

2.  Tins  negative  pressure  arises,  in  all  probability  from  the  rapidity  of 
the  ventricular  process  of  relaxation,  representing  the  rapid  return  of  the 
ventricle  from  its  contracted  to  its  normal  condition.  This  will  also  account 
for  the  greater  negative  pressure  that  is  found  in  the  left  ventricle  because 
the  thickness  of  the  wall  of  the  left  ventricle  is  much  greater  than  that  of  the 
right  ventricle,  and  therefore  the  rapid  contraction  of  the  left  ventricle  will 
produce  normally  a greater  negative  pressure.  This  negative  pressure  assists 
the  circulation  of  the  blood  by  setting  up  a suction  aetjon  winch  directs  the 
blood  that  has  been  collected  in  the  auricle  into  the  ventricle,  using  up  almost 
instantly  the  negative  pressure  and  preventing  It  from  exercising  any  disad- 
vantageous influence  upon  the  circulation.  The  only  effect  of  this  negative 
pressure  is  to  lower,  and  practically  to  exhaust  the  negative  pressure  in  the 
anricljgs^without  extending  backward  to  the  veins.  In  regard  to  the  cardiac 
pressure  in  the  ventricles  we  may  conclude,  therefore,  that  there  are  four 
different  phases. 
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1.  The  rapid  growth  of  pressure  in  the  ventricles  greatly  increases  until 

it  becomes  greater  than  the  aortic  pressure  when  the  aortic  valves  are  thrown 
open. 

2.  Following  this  the  blood  escapes  into  the  aorta  while  the  contraction 
of  the  ventricular  walls  still  continues. 

3.  This  continued  contraction  of  the  ventricular  walls  secures  the  com- 
plete emptying  the  cavities  of  the  auricles. 

4.  The  sudden  relaxation  of  the  ventricular  wall,  during  which  there  is 
set  up  the  negative  pressure,  this  negative  pressure  establishing  the  connec- 
tion between  the  ventricle  and  the  auricle  by  which  the  blood  is  induced  to 
pass  from  the  auricle  to  the  ventricle. 


Duration  of  the  Cardiac  Movements. 

The  whole_cardiac  movement  is  termed  a cardiac  cycle  and  consists  of  three 
tlie^systole  of  the  auricles,  the  systole  of  the  ventricles  and  the  nan^ 
or  diastole  of  auricles  and  ventricles,  which  consists  of  thediastole  of  the  vwi- 

tricles^juclirdiiig-the  period  between- the  cessatipnjaf^  contraction  and  the  com- 
mencement of  contraction  again  ; and  of  the  diastole  of  the  whole  heart  in- 
cluding the  period  from  the  end  of  the  ventricular  relaxation  to  the  beginning 
of  auricular  contraction,  during  which  the  walls  are  neither  contracting  nor 
re  axing,  the  cavities  being  passively  filled  with  blood.  By  using  the  instru- 
ment (cardiograph)  in  connection  with  the  kymograph,  the  velocity  of  the  sur- 
face on  which  the  tracings  are  made  can  be  estimated  and  thus  approximation 
made  to  the  time  occupied  by  the  cardiac  movements.  It  is  found  that  the  sys- 
tole of  the  auricles  is  very  short,  whereas  that  of  the  ventricles  is  much  longer 
occupying  a considerable  part  of  the  cycle  period  and  the  diastole  of  the  whole 
heart  varies  considerably,  in  slowly  beating  hearts  being  longer  and  in  quick 
beating  hearts  shorter.  From  this  we  would  conclude  that  J:he  faster  the  heart 
beats,  the  briefer  the  diastole,  and  also  the  briefer  the  ventricular  systole.  The 
chief  data  used  is  that  in  connection  with  the  first  and  second  sounds.  This 
period  has  been  found  to  vary  from  .225  to  .346  of  a second,  the  variation  be- 
ing small,  indicating  that  the  variation  takes  place — in  the  pauses  rather  than 
in  the  actual  beats.  The  first  sound  takes  place  along  with  tFe__y&Il£ri e u 1 a r 
systole,  and  the  second  sound  which  marks  the  close  of  the  ventricular  svstole. 
Thus  the  period  between  the  commencement  of  the  first  sound  and  the  second 
sound  represents  the  ventricular  systole.  During  this  ventricular  systole  tliei 
taj).el  P^ace  the  increase  of  pressure, _the  expulsion  of  the  blood  and  the  con- 
traction continued  so  as  to  empty  the  cavity.  The  cardiac  pulsations  in  the 
adult  male  vary  from  65  to  75  per  minute,  in  the  new  born  child  about  140. 
There  is  some  relation  between  the  quantity  ol  blood  in  the  circulation  and  the 
frequency  of  the  pulsation.  Thus  as  the  pulsation  becomes  more  frequent  the 
quantity  ot  blood  which  passes  through  the  heart  per  minute  increases.  I11  the 
normal  adult  male  the  pulsation  will  be  72  in  the  morning,  from  70  to  68  in  the 
orenoon,  80  to  84  after  meals,  and  69  to  70  toward  evening,  the  number  of 
pulsations  being  fewer  during  sleep 

Taking  72  as  the  normal  heart  beat,  each  period  of  revolution  would oecupv 
about  .8  of  a second.  .3  of  a second  would  represent  the  ventricular  systole, 
t ie  remaining  .5  of  a second  would  represent  the  ventricular  diastole, 
during  the  latter  part  of  which  takes  place  the  auricular  systole  representing 
a rout  .1  of  a second,  the  .4  of  a second  representing  the  period  during  which 
neither  auricle  nor  ventricle  are  contracting.  One  of  the  most  important  ques- 
tions is  the  work  done  by  the  heart  representing  the  quantity  of  blood  ejected 
from  the  ventricles  during  each  systole.  It  is  estimated  that  188  grams  of 
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blood  (a^ittleover  6 ozs. ) ic  dr’YAri  r>  f o-ia  i^ft  ventricle  into  the  aorta  dur- 

ing .each  systole;  V^rTous  methods  have  been  used  to  discover  thisr  The  most 
simple  is  to  remove  the  ventricle,  fill  it  with  blood,  equal  to  the  amount  of  blood 
calculated  from  the  average  pressure  of  the  ventricle.  This  would  give  the 
quantity  ejected,  as  the  whole  contents  are  driven  out  at  each  systole.  Each 
ventricle  gives  out  the  same  quautity  at  each  beat,  otherwise  the  blood  would 
be  crowded  iuto  the  pulmonary  or  into  the  systemic  circulation  unequally. 
Some  think  this  is  not  the  case  as  the  pressure  is  much  greater  in  the  left  ven- 
tricle than  in  the  right.  This,  however,  is  due  not  to  the  amount  of  blood  but 
to  the  greater  peripheral  resistance  to  be  overcome  in  the  systemic  circulation 
as  compared  with  the  pulmonary  circulation.  Taking  188  grams  as  the  quau- 
tity ejected  at  each  beat  at  the  aortic  pressure,  which  is  estimated  as  250  mm. 
of  mercury,  i.  e.  3.2  metres  of  blood.  This  meaus  that  at  each  systole  the  ven- 
tricle does  601  gramme-metres  of  work  every  beat  Taking  the  heart  pulsation 
at  72  per  minute  we  would  have  42.272  kilogram  metres  for  the  left  ventricle 
per  minute  or  60,872  kilogram-metres  per  day.  The  right  ventricle  would  be 
about  2-5  of  this  amount  or  24,349  kilogram-metres,  the  whole  work  of  the 
heart  in  a day  amounting  to  85,221  kilog.  metres  or  about  1-75  of  1 horse  power, 
equal  to  the  combustion  of  nearly  30  grams  of  carbon.  If  188  grams  of  blood 
leave  the  ventricle  at  each  beat  a quantity  equivalent  to  the  whole  volume  of 
blood  (about  5760  grams  in  a man  of  75  kilograms)  would  pass  through  the 
heart  every  30  beats,  or  once  every  25  seconds. 

These  phenomena  of  the  heart  are  more  or  less  obvious  upon  observation. 
Beneath  these  are  certain  molecular  changes  on  which  depends  the  rhythm  of 
the  heart  and  by  which  many,  if  not  all,  of  the  vital  activities  are  to  be  ex- 
plained. One  question  arises  as  to  the  nature  of  the  contraction.  Is  it  a sim- 
ple contraction,  or  is  it  a tetantic  contraction?  In  other  words  is  it  due  to  the 
single  stimulus  or  the  application  of  a number  of  stimuli  rapidly  applied  in  close 
succession. 

Many  of  the  phenomena  of  cardiac  contraction  seem  almost  identical  with 
those  of  a skeletal  muscle.  . Exhaustion  decreases  the  amount  and  increases 
the  duration  of  the  contraction.  In  cardiac  contraction  the  period  of  latent 
stimulation  is  much  longer  than  that  of  the  skeletal  muscle  (proportion 
y'i — 1-100  of  a second.)  The  length  of  cardiac  contraction  is  greater  than  that 
of  muscular  tetantic  contraction.  The  electric  phenomena  of  cardiac  contrac- 
tion resembles  a simple  contraction,  e.  g.  there  is  negative  variation  in  connec- 
tion with  the  heart  and  by  the  use  of  the  rheoscope  (for  testing  the  electric  cur- 
rent) the  heart  manifests  a simple  twitching.  In  the  muscle  when  tested  by 
electricity  each  contraction  is  preceded  by  a short  period  of  lessened  excitabil- 
ity representing  molecular  changes  preceding  contraction.  This  is  known  as 
the  negative  variation.  By  cutting  off  the  ventricle  slightly  above  the  auriculo 
ventricular  groove,  Muller  found  that  placing  the  base  and  the  apex  on  the 
two  galvanometer  cushions — there  was  a negative  variation  in  the  heart.  Later 
investigations  proved  that  this  negative  variation  took  place  in  connection  with 
the  sj, stole,  the  negative  wave  being  transmitted  at  the  rate  of  20  mm  per  sec- 
ond. If  the  heart  be  rendered  motionless  by  separating  the  auricles  of  the 
sinus  v enosus,  either  by  ligature  or  by  an  incision,  it  has  beeu  found  that  the 
variation  goes  through  two  stages:  (1)  the  initial  stage,  stage  following  immedi- 
ately the  excitation  when  ihe  portion  excited  becomes  negative  to  the  other 
parts:  < 2)  the  terminal  stage  coincident  with  ventricular  relaxation,  the  re- 

verse of  that  manifested  at  the  beginning  at  the  ventricular  systole.  There  is 
thus  a two  fold  negative  variation  manifested  in  the  systole  of  au  excised  heart 
the  1st  at  the  apex  and  the  2nd  at  the  base.  The  period  of  excitation  does  not 
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correspond  with  the  period  of  latent  stimulation  but  coincides  with  the  period 
from  the  beginning  of  the  initial  stage  to  the  beginning  of  the  terminal  stage. 
The  total  period  of  the  initial  stage  has  been  found  to  average  about  .12 
of  a second.  The  application  of  heat  to  the  apex  was  found  to  have  no  effect 
upon  the  initial  stage  but  to  increase  the  terminal  stage.  The  rate  of  trans- 
mission of  the  stage  of  excitation  was  found  to  be  about  125mm  per  second. 
From  this  it  is  concluded  that  if  the  ventricle  is  stimulated,  it  becomes  at  once 
negative  to  all  the  other  parts,  the  wave  of  stimulation  being  transmitted  in  all 
directions  at  the  rate  of  125mm  per  second.  Immediately  after  this  stimula- 
tion wave  passes  there  follows  a contraction  of  the  fibres,  giving  rise  to  a wave 
of  contraction  passing  over  the  heart.  This  wave  of  contraction  in  the  mam- 
malian heart  is  found  to  begin  at  the  apex. 

What  is  called  a cardiac  com  raction  commences  near  the  orifices  of  the 
larger  veins  in  the  right  and  left  auricles.  In  the  case  of  a heart  that  contracts 
slowly,  the  wave  of  contraction  originates  at  the  orifices  of  the  veins,  enters  the 
veins  and  passes  along  a short  distance,  then  passes  over  the  auricles  and  the 
ventricles.  The  question  that  arises  here  is,  whether  the  cardiac  movements 
are  dependent  upon  molecular  changes  in  the  muscular  tissue  or  in  the  nerve 
tissue,  or  in  both  It  is  a known  fact  that  rhythmic  movements  take  place  in 
tissues  that  are  not  nervous,  e.  g.,  the  beating  organs  of  many  invertebrates, 
the  embryonic  heart,  the  unstriped  muscles  of  the  ureter.  In  these  cases  there 
is  a compound  structure  of  muscle  and  nerve.  Both  muscular  and  nervous 
tissues,  under  defiuitite  conditions,  give  rhythmic'movements.  It  is,  however, 
believed  by  many  that  the  rhythm  of  muscular  tissue  takes  its  rise  from  the 
impulse  of  nervous  tissue  Several  experimenters  have  found  that  the  rhythm 
of  the  ventricles  is  altogether  independent  of  the  rhythm  of  the  auricles,  the 
ventricular  rhythm  being  found  in  the  apex  where  no  nerve  cells  are  found. 
This,  however,  while  purely’  myogenic,  is  localized  and  may  be  overcome  by  the 
general  rhythm  of  the  heart  as  a whole.  While  connected  the  ventricular  and 
auricular  beat  maintain  almost  uniform  properties,  whereas  on  the  disconnec- 
tion of  auricle  and  ventricle,  the  auricle  which  keeps  up  the  normal  beat,  beats 
faster  than  the  ventricle.  It  is  generally  conceded  that  the  rhythm  of  the 
auricle  originates  in  the  veins  which  transmit  the  rhythmic  motion  by  muscu- 
lar conductivity  to  the  auricles.  As  the  ventricles  are  structurally  distinct  from 
the  auricles  it  is  difficult  to  see  how  the  muscular  conduction  can  account  for 
the  propagation  of  the  rhythm  from  the  auricles  to  the  ventricles.  Hence, 
some  Physiologists  accept  what  seems  the  only  alternative,  that  the  contraction 
is  transmitted  from  auricles  to  ventricles  by  nervous  tissue.  This,  however, 
seems  quite  difficult  to  understand.  These  impulses  could  not  be  transmitted 
from  auricle  to  ventricle  so  as  to  secure  exact  succession  of  ventricular  beat  after 
auricular  beat  without  taking  for  granted  the  existence  of  nerve  ganglia  for  the 
purpose  of  storing  energy  to  be  used  at  intervals  in  the  ventricular  movements. 
The  connection  of  veins  and  auricles  and  the  elasticity  and  rhythmic  character 
of  the  auricular  wall  seems  sufficient  to  account  for  the  auricular  transmission 
aside  from  the  necessity  of  nerve  centers. 

Gaskell,  by  experiments  on  the  apex  of  a frog’s  heart,  which  contains  no 
ganglia,  has  shown  that,  (r)  the  involuntary  apex  beats  depend  upon  the  press- 
ure in  the  cavity  and  not  upon  the  blood  supply  ; (2)  that  by  the  addition  of 
a weak  alkali  to  the  blood  supply  of  the  apex  relaxation  gives  place  to  contrac- 
tion and  a weak  lactic  acid  solution  reduces  the  apex  to  a perfect  diastole,  Mus- 
carin  producing  almost  the  same  result.  Gaskell  draws  some  interesting  con- 
clusions from  these  experiments.  (1  ) Independent  rhythmic  contraction  is 
lessened  as  we  pass  from  the  sinus  to  the  ventricle,  the  powTer  of  such  rhyth- 
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mical  contraction  varying  inversely  with  the  distance  of  the  part  from  the 
sinus.  (2.)  An  excised  part  of  the  apex  can  be  made  to  beat  artificially  at 
the  same  rate  as  the  sinus  and  auricle  by  the  action  of  nutriment.  (3.)  A 
wave  of  contraction  transmitted  by  the  auricle  produces  ventricular  contrac- 
tion, after  passing  the  auriculo  ventricular  groove.  (4.)  By  dividing  the 
auricle  so  as  to  leave  one  part  in  connection  with  the  sinus  and  the  other  in 
con  ection  with  the  ventricle,  a contraction  wave  passes  up  the  strip  extending 
from  the  sinus  to  the  bridge,  passes  over  and  then  after  a brief  pause  goes  down 
the  part  from  the  bridge  to  the  ventricle  and  into  the  ventricle,  resulting  in  con- 
traction. By  diminishing  the  extent  of  the  bridge,  then  only  every  second 
contraction  passes  over,  resulting  in  ventricular  contraction,  no  response  being 
made  in  the  case  of  the  wave  stopped.  If  this  bridge  is  made  very  small  then 
there  is  no  passage  of  contraction  between  auricle  and  ventricle  and  the  ven- 
tricular contractions  are  entirely  independent  of  the  auricular.  The  nervous 
action  according  to  Gaskell,  in  the  case  of  nerves  passing  from  auricle  to  ven- 
tricle, conveys  impulses  from  the  ventricle  to  the  heart, regulating  the  blood  sup- 
ply, increasing  the  conductive  power  of  the  auricle  substance.  He  suggests 
that  the  influence  of  the  vagus  is  to  assist  and  render  more  efficient  functional 
activity  being  the  trophic  nerve  of  the  heart  ; upon  its  relation  to  the  heart  de- 
pending the  character  of  the  heart  functions  ana  their  intensity  as  these  func- 
tions are  discharged  by  th^  rnr*'00  m11Iirl0.  In  the  cardiac  muscie.  winch  dit- 
fers  from  the  striated  and  unstriated  muscle,  the  rhythmic  activity  is 
most  perfect^  developed.  Hence  he  concludes,  that  the  apparently  opposite 
actions  of  the  sympathetic  and  the  vagus — upon  the  heart  depends  upon  their 
connection  with  the  process  of  heart  nutrition. 

The  yagiLs.. exerts  an  anabolic  influence,  leading  _to  and  directing  the  pro- 
cesses of  repair  in  the  heart  substance,  while  the  sympathetic  exerts  a katabolic 
influence,  directing  the  processes  of  decomposition  by  which  the  complex 
muscles  are  divided  into  simpler  bodied.  These  represent  the  molecular  changes 
taking  place  in  connection  with  the  cardiac  muscle,  the  nervous  influence  being 
rather  of  a trophic  nature.  According  to  this  idea,  the  rhythmic  contraction  of 
cardiac  muscle  is  its  special  characteristic.  This  rhythmic  tendency  is  found 
most  fully  developed  towards  the  base  in  the  tissues  around  the  orifices  by  the 
large  veins  and  in  the  auricle.  This  rhythm,  originated  in  the  region  of  the 
venous  openings  is  transmitted  through  the  auricles  to  the  auriculo-ventricular 
groove;  the  rhythmic  contraction  of  the  ventricular  tissue  being  produced  by 
the  electrffi  variation  arising  from  the  rhythmic  auricular,  assisted  by  the 
increased  cardiac  pressure  arising  from  the  blood  flow  from  auricle  to  ventricle. 
In  the  human  heart  these,  trophic  influences  are  aided  by  the  intra-cardiac  gan- 
glia, these  in  turn  being  influenced  by  the  extra  cardiac  nerves.  These  nervous 
influences,  however,  are  not  the  producers  of  the  energy  which  manifests  itself 
in  cardiac  contraction,  but  exercise  an  influence  upon  the  cardiac  pressure,  and 
indirectly  in  this  way  govern  the  heart’s  action  by  securing  the  normal  contrac- 
tion of  the  walls  of  the  heart  cavities,  and  influencing  the  nutritive  changes 

taking  place  in  the  muscle  substauce  of  the  heart.  In  this  way  the  ultimate 

solution  of  the  cardiac  rhythm  depends  upon  the  trophic  influence  of  the  nervous 
system  upon  the  cardiac  muscles. 

Persistency  oe  Cardiac  Movement. 

I he  heart  continues  to  beat  after  it  has  been  removed  from  the  body.  This 
movement  continues  longer  in  cold  blooded  animals,  as  the  frog,  than  in  warm 

blood  animals.  The  heart  of  the  frog  will  continue  to  beat  for  two  or  three 

days;  a rabbit’s  heart  from  three  to  seventy- two  minutes;  in  the  case  of  the 
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right  auricle,  which  is  the  ultimum  morieus.  The  last  trace  of  beating  has  been 
found  in  the  rabbit  15  hours,  and  in  the  dog  96  hours  after  death,  and  in  the 
human  embryo  the  heart  has  been  found  to  pulsate  for  four  hours  after  death. 

.After  the  cessation  of  the  heart  beat  stimulation  may  cause  contraction. 
The  ventricular  contraction  weakens  first,  then  the  contraction  of  the  auricle 
is  not  followed  by  contraction  of  the  ventricle,  the  ventricles  contracting 
slowly,  then  ceasing  to  contract  while  the  auricles  continue  to  contract.  Fin- 
ally the  right  auricle  ceases  to  contract.  Even  after  stimulation  fails  to  pro- 
duce any  contraction  in  the  case  of  the  heart  by  the  injection  of  arterial  blood 
into  the  coronary  arteries  the  heart  may  be  restored  to  pulsation. 

■ Cardio- Pneumatic  Movement. 

During  systole  the  heart  occupies  a smaller  space  in  the  chest  cavity  than 
during  diastole.  It  follows  from  this  that  if  the  glottis  be  open,  air  will  be 
drawn  into  the  lungs  when  the  heart  contracts,  whereas  when  the  heart  relaxes, 
air  is  expelled  through  the  open  glottis.  Of  course,  account  must  be  taken  of 
the  amount  of  blood  in  the  larger  vessels  of  the  thoracic  cavity.  This  circum- 
stance seems  of  value  in  hybernating  animals,  as  the  movements  of  the 
lungs  assist  the  exchange  of  oxygen  and  carbon  dioxide,  a sufficient  air  cur- 
rent being  produced  to  aerate  the  blood  as  it  passes  through  the  lungs.  Landois 
invented  a cardio-pneumograph  for  the  purpose  of  tracing  these  movements. 
It  consists  of  a tube  about  one  inch  in  diameter  and  six  or  seven  inches  in 
length.  This  tube  consists  of  two  parts,  one  for  insertion  into  the  mouth  on 
the  side  of  which  is  a valve  to  regulate  the  breathing  and  another  part  at  right 
angles  to  the  part  inserted  in  the  mouth  attached  to  a metal  capsule  covered 
over  with  membrane.  Attached  to  the  membrane  is  a glass  rod  used  as  a stv- 
lus,  which  records  the  movements  upon  a recording  glass  plate.  When  the 
tube  is  placed  in  the  mouth,  the  nostrils  are  closed  the  glottis  is  open  and  res- 
piration ceases.  From  the  tracings  we  can  see  (1)  an  expiratory  movement  at 
the  moment  of  the  first  sound,  because  the  blood  is  pouring  into  the  right  auri- 
cle through  the  venae  cavae  and  the  dilating  branches  of  the  pulmonary  artery 
compress  the  bronchi,  the  blood  of  the  right  ventricle  passing  into  the  pulmon- 
ary circulation.  (2)  A strong  inspiratory  movement  follows,  because  more 
blood  passes  out  of  the  chest  than  enters  it  through  the  vena  cavae.  (3)  After 
the  semilunar  valves  have  closed,  arterial  blood  accumulates  in  the  chest  and 
hence,  another  expiratory  movement  follows.  (4)  the  blood  rapidly  passes 
from  the  arteries  in  the  chest  outside  of  the  chest  and  there  follows  an  inspir- 
atory movement  of  the  air  in  the  lungs.  (5)  then  follows  the  flow  of  blood 
into  the  heart  through  the  veins,  followed  by  the  heart  beat. 

Influence  of  Respiration  Upon  Cardiac  Action. 

The  thoracic  cavity  contains  within  it,  as  an  air  tight  compartment,  the 
heart  and  the  lungs.  As  the  chest  increases  or  decreases  in  size  during  inspi- 
ration and  expiration,  a certain  amount  of  pressure  is  exerted  upon  the  heart 
and  influences,  to  some  extent,  its  movements.  During  inspiration  the  dia- 
phragm descends  and  the  ribs  are  raised  while  the  lungs  expand,  thus  increas- 
ing the  chest  cavity.  The  pressure  upon  the  external  surface  is  less,  the 
heart  being  in  a condition  of  diastolic  dilatation.  During  inspiration  also  the 
pressure  is  removed  from  the  large  veins  entering  the  chest  at  the  right  side  of 
the  heart,  and  the  flow  of  venous  blood  toward  the  heart  is  assisted.  If  after 
a very  deep  expiration  the  glottis  is  closed  so  as  to  prevent  the  admission  of 
fresh  air  to  the  lungs,  and  if  the  chest  be  then  distended  by  a very  strong 
inspiration,  the  heart  becomes  dilated,  ibis  dilatation  being  increased  by  the 
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elastic  drawing  of  the  lungs.  The  venous  blood  flows  into  the  right  side  of 
the  heart,  the  blood  is  sent  on  to  the  lungs  and  thus  the  lungs  become  gorged 
while  the  left  side  of  the  heart  cannot  drive  out  sufficient  blood  into  the  arterial 
system.  The  pulse  may  disappear,  the  heart  being  distended  and  the  lungs 
congested,  while  the  arterial  system  contains  but  little  blood.  This  is  called 
Muller’s  experiment.  During  expiration  the  pressure  on  the  external  surface 
of  the  heart  is  increased  and  also  on  the  external  surface  of  the  large  veins, 
while  only  a small  quantity  of  blood  flows  into  the  heart  at  its  right  side,  the 
heart  being  contracted  and  the  pulse  beat  small.  In  the  Valsalva’s  experiment 
this  is  is  increased.  A very  deep  inspiration  is  taken  and  then  the  glottis  is 
closed.  Immediately  a powerful  expiration  is  made,  contracting  the  cavities  of 
the  chest  and  heart  so  as  temporarily  to  interfere  with  the  blood  circulation. 
The  air  in  the  lungs  is  under  high  pressure  and  it  acts  strongly  upon  the  heart 
and  thoracic  cavity.  Hence  the  veins  in  the  face  and  neck  become  swollen, 
the  blood  from  the  lungs  is  quickly  forced  into  the  left  ventricle,  passing  it  into 
arterial  circulation.  The  heart  and  lungs  in  this  condition  have  little  blood 
while  systemic  circulation  there  is  a large  quantity  of  blood.  The  heart  sounds 
cease  and  the  pulse  disappears,  indicating  syncope.  These  represent  abnormal 
conditions.  In  normal  inspiration  the  air  in  the  lungs  is  under  slight 
pressure  favoring  the  flow  of  blood  into  the  heart  and  diastolic  dilatation; 
whereas,  in  expiration  the  pressure  is  higher,  favoring  the  flow  of  blood  out  of 
the  heart  into  the  aorta  and  thus  aiding  the  systolic  empting  of  the  heart. 


Cardiac  Sounds. 

When  the  ear  is  applied  over  the  chest,  either  by  the  ear  itself  simply,  or 
by  the  use  of  the  stethoscope,  two  sounds  are  heard,  one  directly  from  the 
apex.  This  is  a dull,  long  and  booming  sound.  The  second  sound  that  is 
heard  from  the  base,  is  shorter,  sharper,  more  sudden  and  more  clear.  The 
first  sound  is  heard  during  the  apex  beat  and  corresponds  with  the  ventricular 
systole  ; hence,  called  the  systolic  sound.  The  second  sound  follows  the  first 
after  an  almost  inappreciable  period  of  pause,  and  it  corresponds  with  the  first 
part  of  the  diastole  of  the  ventricle.  Following  the  second  sound,  there  is  a 
period  of  rest,  or  the  long  pause,  as  it  is  called,  lasting  till  the  commencement  of 
the  first  sound  in  the  next  succeeding  ventricular  beat.  This  period  of  rest, 
the  re  lore,  corresponds  with  the  latter  period  of  the  ventricular  diastole,  and 
also,  with  the  systole  of  the  auricles.  These  two  sounds  differ  in  their  charac- 
ter. The  first  as  we  said,  is  low  and  presents  a muffled  sound,  while  the  second 
sound  is  high  and  distinct.  A difference  is  noticeable  when  the  sounds  are 
heard  over  the  apex  and  over  the  base.  Over  the  apex  the  first  sound  is  ac- 
centuated, while  over  the  base  the  second  sound  is  accentuated. 

hese  sounds  are  usually  represented  by  the  meaningless  words 
' luppdupp  pause,  lupp  dupp,  pause,  representing  the  characteristics  of  the 
sounds,  rhe  duration  of  thsee  sounds  depends  to  a large  extent  upon  the 
listener,  that  is,  it  !s  subjective  rather  than  objective.  Walshe  has  stated 
that  m the  cardiac  cycle  taking  the  base  of  ten  in  the  cardiac  cycle  the  first 
sound  occupies  4 parts  of  the  10,  then  the  short  pause  occupies  1 part;  after  the 
s lort  pause,  of  course,  we  have  the  second  sound,  which  occupies  two  parts 
and  the  3d  sound  three  parts.  F ’ 

Much  difference  of  opinion  exists  as  to  the  cause  of  the  first  sound  • this 
first  sound  may  be  heard  distinctly  after  the  removal  of  the  chest  wall,  indica- 
ting that  the  heart  beat  does  not  produce  this  sound.  Some  Physiologists 

ascribe  this  sound  to  vibrations  in  connection  vvith  the  close  of  the  mitrafand 

tricuspid  valves.  Others  regard  it  as  due  to  the  muscular  contraction  of  the 
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tissue  in  the  ventricles.  Others  say  that  it  is  due  to  the  flow  of  the  blood 
through  the  aortic  ami  pulmonary  openings"  Th<T  mbs'f  probable-  cause,  how 
ever,  is  what  is  called  the  double  arrangement,  consisting  of  "the_fljrs£.  ancLsec- 
oud,  the  valvular,  element  and  the  muscular  element. 

This  1st  sound  is  not  a short,  sharp  one,  such  as  we  would  expect  in  the 
case  of  the  sound  produced  by  the  vibration  of  the  valvular  membranes,  neither 
does  it  seem  possible  that  this  long  and  dull  sound  could  be  produced  simply  by 
the  flow  of  the  blood.  • One  thing  is  certain— that  is,  that  in  the  nature  of  this 
sound,  a muscular  sound,  differing  iu  its  quality  from  the  normal  muscular 
sound  on  account  of  the  pecularity  of  the  cardiac  substance.  Prevailingly  this 
sound  is  muscular,  and  in  all  probability,  modulated  and  modified  by  the  vibra- 
tory action  of  the  auriculo-ventricular  valves.  In  the  case  of  the  still  living 
excised  heart,  the  first  sound  has  been  heard  quite  distinctly.  For  example: 
The  heart  of  a dog  was  first  loosely  and  then  tightly  ligatured  in  the  venae 
cavae,  the  pulmonary  artery  and  veins  and  the  aorta.  After  the  ligatures  were 
made  as  tight  as  possible,  the  heart  of  the  dog  was  excised  and  placed  in 
the  glass  vessel  and  filled  with  defibrinated  blood.  In  the  experiment,  the  nar- 
row bottom  of  the  conical  glass  was  closed,  not  with  glass,  but  with  artificial 
membrane,  and  this  membrane  was  connected  by  means  of  a flexible  tube  with 
a stethoscope.  On  listening  through  the  stethoscope  the  second  sound  was  not 
heard  at  all,  whereas,  the  first  one  was  heard  very  distinctly  at  each  contrac- 
tion of  the  ventricle.  In  this  case  the  heart  was  empty  of  blood  so  that  the 
closure  of  the  valves  could  not  possibly  produce  this  first  sound.  Iu  addition 
to  this,  we  have  the  fact  that  iu  abnormal  conditions  when  the  muscular  walls 
of  the  heart  are  weakened.  For  example:  in  an  advanced  case  of  typhus  fever, 
the  first  sound  may  disappear  entirely.  On  the  other  hand,  in  the  case  of  dis- 
eases of  the  mitral  valves  a sound  may  be  heard  quite  distinctly,  of  a blowing 
nature.  This  blowing  sound,  in  some  cases,  may  hide  and  in  other  cases,  it 
may  change  altogether  the  character  of  the  first  sound  into  that  second  blowing 
murmur.  The  reason  being  that  the  sound,  blowing  sound,  becomes  so  strong 
that  it  seems  to  over-bear  the  other  sound  and  prevent,  not  the  sound  itself,  but 
the  communication  of  the  sound.  From  this  we  conclude  that  the  valves  in 
their  vibrations,  give  rise  to  a sound  which  becomes  blended  with  the  muscular 
sound  produced  by  the  heart  substance  and  resulting  in  what  we  call  the  nor- 
mal first  sound  of  the  heart.  Wintrich,  a German  physician  who  has  investi- 
gated this  subject,  by  the  use  of  the  stethoscope  combined  with  a resonator,  has 
been  able  to  detect  in  the  first  sound  two  elements,  one  part  or  element,  on  a 
high  pitch,  which  he  ascribed  to  the  vibration  of  the  auriculo-ventricular  valves, 
and  another  part  on  the  low  pitch,  due  to  the  muscular  cardiac  contraction 

The  second  sound  has  been  known  very  distinctly  in  its  character  since  the 
time  of  the  Physiologist  Faeunec.  This  sound,  according  to  Laennec,  was  due 
to  the  sudden  vibrations  caused  by  tlie'sharp  closure  of  the  sigmoid  valves,, 
when  the  diastole  of  the  heart  has  just  commenced.  This  sound  is  best  heard 
over  the  2d  left  costal  cartilage  close  to  its  junction  with  the  sternum.  It  is  at 
the  point  where  the  aortic  arch  approaches  close  to  the  surface  and  hence, 
transmits  conveniently  the  sound  to  the  surface.  Williams,  one  of  the  Physiol- 
ogists, found  that  this  second  sound  could  be  heard  by  applying  the  stetho- 
scope directly  to  the  heart.  By  passing  a curved  wire  through  the  pulmonary 
artery  the  semilunar  valve  was  hooked  up.  The  aortic  semilunar  valve  was 
similarly  hooked  up.  Iu  this  condition  the  second  sound  had  disappeared  alto- 
gether and  could  not  be  heard.  On  withdrawing  these  obstructions  the  hissing 
murmur  which  existed  while  the  valves  were  suspended  had  given  place  to  the 
second  normal  sound.  As  we  said  before,  the  aortic  and  pulmonary  valves  do 
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not  close  simultaneously,  the}'-  have  a brief,  a very  brief,  interval  of  time 
between  their  closure.  If  this  interval  be  lengthened,  we  have  what  is  called 
the  reduplicated  second  sound— that  is,  the  double  second  sound — one  sound 
arising  from  the  aortic  and  the  other  sound  from  the  pulmonary  artery. 

During  the  first  sound  we  find  the  following  phenomena:  (i)  Yentrirn- 

lar  contraction,  (2)  closure  .of  theJricuspid  and  the  mitral  valves,  (3)  .the  flow 
of  blood  into  the  aorticymd  pulmonary  arteries.  (4)  the  heart  beat,  (5)  the  aur- 
icles filling  with  blood.  During  the  second  sound  we  find  the  following  phe- 
nomena: ( 1)  The  closure  of  tlie  semilunar  valves.  (2)  relaxation  of  the  walls 

of  the  ventricles,  (3  ) opening  of  the  tricuspid  and  mitral  valves  so  as  to  admit 
the  passage  oT  the  blood  from  the  auricles  to  the  ventricles,  (4)  diimnution  of 
apex  pressure  againstjhe  chest  .wall.  During  the  long  pause  which  is  marked 
by  the  three  tenth  portion  of  the  cycle  we  have  (1)  the  .auricle  being  filled 
with  blood  by  the  passage  of  blood  from  the  ventricle,  (2  ) auricular  contrac- 
tion, expelling  all  the  blood  out  of  the  auricle  into  the  ventricle  The  short 
pause  the  one  occupying  the  1- 10  period,  the  time  is  almost  inappreciable  and  it 
may  be  said  to  represent  the  maximum  of  contraction  in  the  case  of  the  ven- 
tricle. 


SECTION  V.—The  Heart  in  Isolation. 

It  is  important  to  study  the  heart  in  isolation,  because  there  are  so  many 
phenomena  of  importance  in  connection  with  the  isolated  heart.  Many  methods 
have  been  invented  to  study  the  heart  movements  in  this  isolation.  The  crudest 
method  is  to  place  the  frog  under  the  influence  of  curare,  then  placing  it  011  its 
back  on  a cork  plate  to  which  is  adjusted  a fine  lever  that  can  be  placed  over 
the  beating  heart  after  the  removal  of  the  anterior  wall  of  the  thorax.  In 
this  way  the  movements  of  the  beating  heart  communicate  the  impulse  to  the 
moving  stylus  attached  to  the  lever  which  will  record  its  tracing  on  the  kymo 
graph.  If  the  heart  excised  from  the  frog  is  placed  on  a copper  plate  and  over 
the  heart  a lever  attachment  be  pkeed,  it  will  be  f°und  by  heating  the  plate 
tat  the  heart  beats  more  quickly,  as  the  heating  process  increases  until  it  pass- 
es into  the  tetantic  state  due  to  the  thermal  stimulation. 

This  tetenus  will  pass  away  on  cooling  the  plate  with  ice.  By  the  use  of 
Marey  s cardiac  forceps  the  heart’s  movements  can  be  noticed  very  distinctly 

Vff  f T"  a P-ate  50  that  tw°  sma11  CUPS  can  be  P^ced  over  each 

side  of  the  heart,  each  cup  is  connected  with  a horizontal  bar  over  the  top  bv 

™ansK1°f  two  ^ertlcal  arms>  the  one  arm  fixed  and  the  other  arm  movable^,  the 
mo\  able  arm  bearing  a very  small  horizontal  lever.  At  each  systole  of’  the 
heart  the  forceps  will  open  and  the  lever  will  move  and  this  movement  will  pass 

caterlfj!  16  e.  arm  t0  the  honzontal  bar,  this  movement  being  communi- 
cated to  a recording  instrument.  6 

, ’ anotber>  Physiologist,  has  invented  an  ingenious  instrument  which 

he  calls  a tonometor  for  the  purpose  of  studying  those  influences  that  act 
upon  the  beating  heart  under  isolation.  This  instrument  consists  of  a bel 
jar  u hose  rim  rests  easily  upon  a greased  groove  in  the  brass  plate  Through 

^0  that  t °Pw  r 1 PaSSeS  a Perfusiou  cannula  to  which  thi  heart  is  attached 
so  that  the  blood  may  continue  to  flow  through  the  heart.  At  the  cente^  of 

•AroundSSthpd  ^ ls  a”  °P1er,in&  through  which  an  aluminum  piston  works 
Thl  L a Vlge  °f  the  l0wer  end  a fine  membrane  is  stretched  looseh 

so  th.tis; [£VsZhz::ss 
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During  diastole  the  heart  expands,  pressing  down  the  pistpn  rod  and  the  point 
of  the  lever  is  connected  with  the  recording  kymograph.  When  the  systole 
takes  place  the  piston  again  rises,  giving  us  tracings  which  are  very 
characteristic  of  the  heart’s  movements.  I11  this  way  we  have  the  tracings 
of  the  diastole  and  systole  of  the  heart  in  isolation. 

Nutrition  of  the  Heart. 

The  heart  is  nourished  by  means  of  nutrient  fluid  carried  to  the  different 
parts  of  the  heart  through  the  circulation.  In  the  lower  vertebrates  this  is 
secured,  for  example,  in  the  frog,  by  passages  going  out  irregularly  from  the 
lieart  cavities  through  the  midst  of  the  heart  muscle  close  to  the  peripheral 
surfaces.  These  passages  act  as  blood  vessels,  filling  at  each  diastole  and  empty- 
ing at  each  systole,  and,  of  course,  conveying  the  blood  to  the  cardiac  muscle. 
In  the  rabbit,  the  cat,  and  the  dog,  and  especially  in  man,  heart  nutrition  takes 
place  by  means  of  the  well  developed  cardiac  circulation,  the  cardiac  circu- 
lation being  carried  <pn  through  the  coronary  arteries  and  veins.  In  the  case  of 
the  dog  the  coronary  arteries  and  their  branches  are  very  close  to  the  heart 
surface,  the  pericardium  furnishing  their  covering.  The  left  coronary  artery 
originates  at  the  aortic  orifice, dividing  into  two  branches,  called  the  circumflex, 
and  the  desendens  branches.  The  circumflex  branch  passes  transversely  out 
wards  in  the  left  auriculo-ventricular  furrow,  passing  around  the  leftside  of  the 
heart  to  the  posterior  surface  and  supplying  with  blood  the  left  auricle  and  the 
upper  anterior  and  posterior  parts  of  the  left  ventricle.  The  desendens  branch 
runs  down  the  anterior  inter- ventricular  furrow  to  the  apex  of  the  heart  giving 
out  a number  of  branches  to  the  left  ventricle  and  to  the  anterior  portion  of 
the  septum  ; supplying  with  blood  the  septum  and  the  inferior  anterior  portion 
of  the  left  ventricle.  The  right  coronary  artery  arises  from  the  aorta  just 
above  the  free  margin  of  the  anterior  semilunar  valve,  passing  to  the  right 
auriculo-ventricular  furrow  or  groove  around  the  right  side  of  the  heart,  run- 
ning as  far  as  the  posterior  inter-ventricular  furrow,  where  it  divides  into  two 

branches.  The  right  coronary  artery  supplies  the  right  auricle  and  the  right 
ventricle  with  blood.  The  small  branches  of  the  coronary  arteries  enter  into 
the  cardiac  substance  ending  in  the  capillary  plexus  which  carries  the  blood  to 
the  heart  substance.  Out  of  these  roots  originate  the  cardiac  veins  which 
carry  the  venous  blood  to  the  right  auricle  by  means  of  the  anterior  cardiac 
veins  and  also  the  smaller  veins,  the  foramina  Thebesu. 

Before  entering  the  auricle,  the  large  coronary  vein  becomes  dilated,  forming 
what  is  called  the  coronary  sinus.  At  the  junction  of  the  vein  with  the  sinus 
there  is  a valve,  the  other  coronary  veins  which  enter  this  large. coronary  sinus 
also  have  valves.  The  coronary  arteries  are  terminal,  at  least.,  in  man,  that  is, 
the  anastomosis  of  the  arteries  does  not  produce  a collateral  circulation.  This 
terminal  character  of  the  coronary  arteries  is  of  the  greatest  importance  111  con- 
nection with  heart  nutriment.  The  rapid  closure  of  one  of  the  large  coronary 
branches  in  the  case  of  the  dog,  for  example,  has  been  found  to  ha\  e little 
effect,  some  say,  no  effect  at  all,  on  the  heart’s  action;  others  say  it  has  a tem- 
porary affect,  in  producing  an  irregular  action  of  the  heart,  01  after  a *ew 
seconds  it  may  effect  the  ventricular  action,  producing  what  are  called  fib  Hilary 
movements.  There  fibrillary  movements  result  from  the  shortening  of  the  cel  s 
found  in  the  cardiac  substance.  This  arrest  of  ventricular  acth  ity  depem  s 
upon  the  heart  irritibility,  and  also  upon  the  size  of  the  vessel  that  is  ligature  . 
When  the  force  is  sufficient  and  produces  these  effects,  the  ventricular  pressure 
is  lowered  during  systole  and  increased  during  diastole,  resulting,  of  course,  in 
diminishing  the  force  of  the  ventricular  contraction  and  also  the  ventricular 
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belaxation,  sometime  resulting  in  the  cessation,  altogether,  of  the  ventricular 
hreat.  Some  physiologists  have  explained  these  changes  upon  the  basis  of 
anaemia — the  scarcity  of  blood;  others  claim  that  these  changes  result  from  an 
injury  to  the  muscles  and  also  an  injury  to  the  nerves  taking  place  during  the 
process  of  ligature.  In  the  latter  case  it  is  claimed  that  anaemia  alone  does  not 
cause  the  fibrillary  movements,  whereas  mechanical  injury  from  the  process  of 
ligature  does  cause  the  stoppage  of  heart  action.  These  statements  however 
seem  to  lack  confirmation  by  experiment. 

The  anaemic  condition  may  produce  these  results.  This  can  be  shown  by 
slowly  interrupting  the  coronary  circulation  by  the  withdrawal  of  blood,  in 
which  case  we  find  feeble  inco-ordinated  contractions.  In  this  case  the  stop- 
page of  the  blood  supply  is  slow,  whereas,  in  the  case  of  ligature  the  blood  sup- 
ply is  suddenly  cut  off  from  the  heart  muscle.  Some  recent  experiments  have 
shown  that  even  after  such  fibrillary  contractions  the  normal  movements  of  the 
heart  may  be  again  restored  by  establishing  the  artificial  cardiac  circulation, 
indicating  the  fact  that  these  fibrillary  contractions  are  only  temporary.  In  the 
case  of  the  valves  entering  the  coronary  sinus  there  seem  to  be  two  special 
functions  discharged  by  these  valves. 

ist  Function,  intercepting  the  blood  current  during  the  systole  of  the  right 
auricle,  preventing  regurgitation  and  the  congestive  condition  of  the  walls  of 
the  heart. 

2d  Function,  by  the  opening  of  these  valves  toward  the  auricle  they  pre- 
vent the  backward  flow  of  the  blood  during  ventricular  systole  and  aid  the 
accelerated  flow  of  the  blood.  It  is  during  the  ventricular  systole  that  the 
blood  enters  the  cardiac  circulation  and  but  for  these  valves  the  canliaac  circu- 
lation could  not  take  place  normally. 

The  coronary  arteries  arise,  as  we  said  before,  at  the  aortic  opening  near 
to  the  sinus  of  valsalva,  and  as  sinuses  always  receive  sufficient  blood  to  supply 
to  the  arteries,  they  can  easily  receive  a sufficient  blood  supply  during  the  ven- 
tricular systole. 

In  order  to  complete  the  nutritive  process,  the  heart  has  its  lymphatic  sys- 
tem very  fully  developed  underneath  the  pericardium  and  the  endocardium  and 
also,  throughout  the  entire  muscular  substance.  These  lymphatics  originate 
among  the  musclar  fibres,  the  inter-spaces  between  the  muscular  fibers  being 
lined  with  endothelium  cells.  Between  the  aorta  and  the  trachea  there  lie 
lymphatic  glands  ascending  along  ' the  trachea  and  terminating  in  the  duct 
along  the  course  of  which  the  lymph  is  carried  from  the  heart  to  the  thoracic 
duct  and  also  to  the  right  innominate  vein. 

SECTION  VI- — T ha  Innervation  of  the  Heart. 


The  nervous  mechanism  of  the  heart  is  most  important  and  has  been  very 
fully  investigated,  because  of  the  influence  which  the  nerve  ceutres  exert  upon 
the  heart  and  the  heart’s  action  and  also  because  of  the  questions  which  arise 
in  regard  to  the  relation  of  muscular  action  and  nervous  action  in  connection 
with  the  heart  beat.  The  nervous  mechanism  has  a double  bearing,  ist,  upon 
the  heart  as  the  center  of  the  entire  vascular  mechanism,  and  2nd,  upon  the 
changes  that  take  place  outside  of  the  heart,  especially  in  connection  with  the 
minute  vessels.  The  heart  really  regulates  and  brings  together  the  varying 
activities  of  the  different  parts  of  the  body,  while  in  turn,  the  heart  is  regu- 
lated by  the  nervous  system.  It  is  by  means  of  the  nervous  system  that  a fuller 
supply  of  blood  exists  during  work  than  during  rest,  and  especially  the  work  of 
the  heart  is  so  moderated  as  to  meet  and  overcome  the  constant  strain  upon  the 
heart  substance. 
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It  has  been  known  for  a long  time  that  the  heart  of  the  frog  can  be  kept 
beating  after  its  entire  removal  from  the  body  for  many  hours — normal  beating, 
we  mean — and  even  after  the  cavities  are  entirely  empty  of  blood.  This  has 
been  accomplished  in  the  case  of  the  heart  of  the  dog  and  cat  and  the  rabbit, 
indicating  this  fact,  that  the  cause  of  the  rhythmic  heart  beat  must  be  somehow 
iu  the  heart  itself  and  not  in  its  connection  with  the  central  nervous  system. 
We  have  already  discussed  the  causes  producing  this  cardiac  movement  and  we 
have  found  that  it  is  due  to  the  muscular  contraction,  a muscular  contraction 
kept  sustained  by  the  impulses  found  either  stored  In  the  ganglia  or  communi- 
cated by  the  nerve  fibres.  This  muscular  contraction  then  is  dependent  upon 
the  trophic  influence  of  the  nervous  system.'  ' The  heart  beat,  therefore,  the 
normal  action  of  the  cardiac  substance  and  the  nutrition  of  the  heart  substance 
depends  upon  the  nervous  system  and  hence  shows  the  importance  of  the  care- 
ful study  of  the  innervation  of  the  heart.  The  view  has  been  maintained  that 
as  the  pulsations  cease — that  is  of  the  heart — under  ordinary  circumstances  in 
the  following  order:  the  lower  part  of  the  ventricle  toward  the  apex,  the 
entire  ventricle,  the  auricles  and  then  the  sinus  venosus,  and  as  these  parts  in 
an  inverse  order  represent  a series  of  ganglia,  much  more  numerousin  sinus  veno- 
sus, and  altogether  absent  in  the  lower  ventricle;  therefore,  it  is  concluded  that 
the  rhythmic  heart  beat  depends  upon  the  nervous  impulses  originating  in  these 
ganglionic  nerve  cells,  passing  down  different  fibres  to  the  different  parts  of  the 
heart,  causing  theTrhytfrmicir5errcontra^  by  the  co-oper- 

attftn  of  theniiffereut  ganglia.  This  would  make  the  muscular  fiber  passive  in 
the  hands  of  the  ganglia  centers,  but  as  we  have  seen  this  is  not  the  case.  The 
strongest  impulse  in  contraction  being  muscular,  this  being  sustained  by  the 
trophic  influence  of  the  nervous  system.  In  the  innervation  of  the  heart  we 
have  to  consider:  (i)  the  extrinsic  or  extra-cardiac  nervous  mechanism,  includ- 
ing the.  nerve,  _c.ente.rs  and  the  great  nerves  connecting  the  heart  with  the 
central  nervous  system;  and  (2)  the  intrinsic  or  intra-cardiac  nervous  mechan- 
ism, including  the  nervous  arrangement  of  the  heart. 

Extrinsic  Nervous  Mechanism. 

This  mechanism  consists  of  nerves  branching  off  from  the  cerebro-spinal 
and  sympathetic  systems  so  that  the  cardiac  nerves  are  branches  of  the  vagus 
and  sympathetic,  arising  in  the  region  of  the  inferior  cervical  ganglion.  These 
nerves  form  two  groups,  one  internal  and  one  external.  The  internal  group 
comprises  a medium  sized  nerve,  springing  from  the  inferior  cervical  ganglion, 
a thick  nerve  springing  from  the  trunk  of  the  vagus  near  to  the  origin  of  the 
inferior  larynneal  nerve  and  several  fine  nerves  which  arise  from  the  vagus  ter- 
minating in  the  cervical  plexuses.  The  external  group  consists  of  an  upper  nerve 
originating  in  the  inferior  cervical  ganglion  or  in  the  vagus  trunk  close  to  the 
inferior  cervical  ganglion,  and  a lower  nerve  arising  iu  the  lower  curve  of  the 
annulus  of  Vieusseus  or  sometimes,  from  the  vagus  close  to  the  annulus. 

In  the  year  1845,  the  Weber  brothers  discovered  that  the  stimulation  of 
the  vagus  trunk  in  the  neck  or  at  its  deep  origin  in  the  grey  matter  on  the 
floor  of  the  fourth  ventricle,  produces  in  the  case  of  a feeble  excitation  a les- 
sening of  the  number  of  the  heart- beats  aud  in  the  case  of  a strong  excitation 
it  produces  the  entire  arrest  of  the  heart’s  action.  1 his  arrest  of  the  heart  s 
action  taking  place  in  diastole  and  by  a gradual  filling  of  the  heart  with  blood. 
Having  found  that  the  inhibitory  power  resided  in  the  medulla,  the  question 
then  arose  “how  was  this  impulse  transmitted  to  the  heart  ? ’ By  a section  ot 
the  pneumogastric  it  was  found  that  the  action  of  the  heart  was  aceeleratet  , 
while  011  stimulating  the  cut  end  of  the  peripheral  portion,  the  heart  s action 
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was  slowed,  and  in  some  cases  completely  suspended.  The  influence  of  the 
pneumogastric  fibers,  therefore,  on  the  heart  is  inhibitory  or  restraining.  From 
this  experiment  we  conclude  the  action  of  the  vagus  upon  the  heart  is  inhibi- 
tory or  restraining.  The  slowing  and  arresting  of  the  heart’s  action  may  be 
produced  by  different  kinds  of  stimulation  ; for  example  : chemical  stimula- 
tion, or  mechanical,  as  well  as  electrical  stimulation.  One  Physiologist  has  dis- 
covered'HiaTThepressure  of  the  carotid  artery  at  the  anterior  margin  of  the 
steruo  mastoid  would  result  in  slowing  of  the  action  of  the  heart  which  he 
supposed  to  be  produced  by  the  stimulation  of  the  pneumogastric.  During  this 
arrest  of  the  heart,  the  heart  does  not  cease  to  be  subject  to  irritation,  for  dur- 
ing this  inhibitory  action  it  will  still  respond  to  stimulation.  This  arrest  of  the 
heart  action  is  not  due  to  reflex  action,  but  is  direct,  because  this  arrest  will 
take  place  on  excitation  or  stimulation  of  the  peripheral  end  of  the  cut  nerve. 
This  inhibition  is  not  constant. 

The  right  vagus  seems  to  have  a greater  influence  on  the  heart  than  the  left 
vagus,  and  it  is  found,  on  excitation  of  the  vagus,  the  auricles  of  the  heart  in 
particular  are  affected — that  is  the  part  of  the  heart  affected  by  stimulation  of 
tfuTvagus,  is  the  auricle.  This  influence  of  the  vagus  affects,  not  only,  the 
frequency  of  the  heart’s  pulsations,  but  also,  the  strength  or  the  force  of  these 
pulsations.  This  is  evident  from  the  fact  that  on  the  stimulation  of  the  vagus, 
the  pulsations  become  fewer  in  number  and,  also,  each  pulsation  becomes  more 
feeble.  This  stimulation  of  the  vagus  may  be  increased  by  the  section  of  the 
spinal  cord,  and  also  of  the  sympathetic  in  the  upper  portion  of  the  neck.  This 
excitation  of  the  vagus  affects  the  periodicity  of  the  ventricular  action,  particu- 
larly the  ventricular  systole;  the  feeble  stimulation  of  the  vagus  greatly  increas- 
ing the  period  of  diastole,  and  also  the  diastolic  pressure.  A strong  stimulation 
increasing,  on  the  other  hand,  both  the  periods  of  the  systole  and  diastole. 
Even  in  the  case  of  the  continued  stimulation,  however,  the  heart  after  several 
seconds  begins  to  beat,  at  first  very  feebly,  and  then  after  a short  period 
resumes  its  normal  beating  without  removing  the  stimulation.  The  effect  of 
this  stimulation  is  to  lessen  the  force  of  the  ventricular  contraction,  increasing 
the  quantity  of  blood  aFThe~cTose  of  the  systole,  and  at  the  close  of  the  diastole 
the  ventricle,  diminishing  both  the  amount  of  blood  that  is  received'and 
gjyen-P.Ut.  The  tone  of  the  ventricle  is  also  affected  by  this  stimulation,  being 
slightly  diminished.  The  proof  of  this  is  found  in  the  fact  that  the  walls  of 
the  empty  ventricle  after  stimulation,  are  found  to  be  soft  and  flaccid,  giving 
up,  to  a certain  extent,  the  strength  that  is  found  uormally  in  ventricular  walls, 
due  to  the  thickness,  particularly  of  the  one  ventricular  wall.  In  the  case  of 
the  auricle,  the  excitation  of  the  vagus,  diminishes  the  force  of  its  contraction, 
lengthening  the  diastole,  these  changes  appearing  earlier  than  the  changes  that 
are  found  in  the  ventricles,  indicating  what  we  do  find,  that  the  ventricle  is 
affected  through  the  auricle.  In  the  case  of  strong  stimulation  of  the  vagus 
the  heart  does  not  contract  at  all,  or  at  least  with  less  vigor.  A single  electrical 
stimulation  will  not  arrest  the  heart  action  at  first,  but  if  the  stimulation  be 
continued,  it  will  affect  the  heart,  different  parts  of  the  heart  with  varying 
intensity.  Weak  stimulation  for  example,  affects  the  auricle  and  then  indi- 
rectly through  the  amide  it  affects  the  ventricle.  Strong  stimulation,  on  the 
other  hand,  stops  the  action  of  the  auricle  while  the  ventricle  remains  for  a 
short  period,  unarrested  and  then  stops.  Very  strong  stimulation  inhibits,  not 
only  the  auricle,  blit  also,  the  ventricle.  It  would  seem  from  what  we  have 
seen,  that  the  vagi,  the  right  and  left  vagi,  do  not  act  directly  upon  the  fibers 
ot  the  heart,  but  rather  upon  the  intrinsic  nervous  ganglia,  although  in  what 
way  this  action  takes  place,  we  do  not  know. 
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It  is  probable,  however,  that  the  same  intra-cardiac  terminal  acts  for  the 
two  vagi,  for  when  one  vagus  is  stimulated  till  the  heart  overcomes  the  effect 
of  stimulation  the  excitation  or  stimulation  of  the  other  vagus  has  no  effect 
upon  the  heart  at  all.  Gaskell,  who  has  devoted  much  time  and  attention 
to  this  subject,  accounts  for  the  medium  of  the  inhibition  by  the  fact  that  the 
vagus  is  the  trophic  nerve  of  the  heart.  He  thinks  that  after  the  stimulation 
is  over,  the  heart  becomes  more  vigorous,  this  being  according  to  Gaskell  the 
proof  that  the  excitation  of  the  heart  through  the  stimulation  of  the  vagus  has 
nourished  and  made  it  stronger  than  it  was  before  and,  therfore,  is  considered 
to  act  more  vigorously.  As  yet,  however  the  experiments  have  not  sufficiently 
established  this  point,  although  it  seems  very  probable. 

Bezolo  discovered  that  after  a section  of  the  spinal  cord  between  the  first 
and  second  thoracic  vertebrae  the  stimulation  of  the  cervical  cord  produces  an 
acceleration  of  the  heart’s  action.  This  stimulation  he  found  was  carried  or 
conveyed  from  the  cord  to  the  inferior  cervical  ganglion,  from  which  center  it 
passed  through  the  nerve  fibres  to  the  heart.  These  accelerator  fibres  enter 
the  sympathetic  from  the  spinal  cord,  coming  from  the  inferior  cervical  and 
• the  first  thoracic  ganglia,  dividing  so  as  to  form  the  annulus  of  Vieussens  and 
then  joining  the  vagus  trunk  From  the  superior  cervical  ganglion  fibres  pass 
into  the  vagus,  passing  down  the  trunk  into  the  cardiac  plexus  between  the 
superior  and  inferior  laryngeal  nerves.  The  spinal  nerves,  from  the  ist  to  the 
nth  and  possibly  to  the  12th,  send  out  fibres  to  the  superior  cervical  ganglia, 
the  sympathetic  trunk  and  the  first  thoracic  ganglion.  This  sympathetic  acts 
as  an  accelerator,  the  section  of  the  sympathetic  even  on  one  sid  e being  fol- 
lowed by  the  slowing  of  the  heart’s  action,  the  heart  being  left  to  the  action  01 
the  pneumogastric.  If  the  cut  end  of  the  distal  portion  of  the  nerve  be  stim- 
ulated the  heart  will  beat  more  quickly.  The  excitation  also,  of  the  fine  fibres 
that  pass  into  the  heart  from  the  inferior  cervical  ganglion  accelerates  the 
action  of  the  heart  or  beat.  These  delicate  fibres  originate  m the  spinal  cord 
for  by  separating  the  heart  from  the  cerebro-spmal  system  and  leaviug  the 
sympathetic  fibres  the  stimulation  of  the  higher  part  of  the  spinal  cord  also 
causes  acceleration  of  the  heart  beat.  The  chief  result  of  the  stimulation  is  the 
increase  in  the  heart  pulsations,  that  increase  being  according  to  some  1 In  biol- 
ogists, from  10  to  70  per  cent  of  an  increase  The  force  of  the  ventricular  pul- 
sation increases.  The  ventricle  becomes  filled  more  completely  with  blood 
and  the  quantity  of  blood  that  is  ejected  from  the  ventricle  is  also  increased 
The  stimulation  of  the  nerves  on  both  sides  of  the  heart  does  not  increase  the 
heart  action  more  than  the  stimulation  of  the  one. 

Auricular  contractions  also  increase  in  strength  and  111  volume,  this  latter 
increase  in  volume  depending  upon  the  increased  elasticity  ot  the  re  1 axe 
auricle.  These  changes,  accelerator  changes,  give  rise  to  an  ’greased  bo^ 
pressure  in  the  systemic  circulation  of  the  arteries  and  to  . ‘ 

pressure  in  the  pulmonary  veins  and  venous  circulation  to  the  hear  . _ 

vagi  the  inhibitory  nerves,  are  stimulated  at  the  same  time  as  the  sympathet  , 
Ihf  auricular  and  the  inhibitory  or  the  vagi  action  will  overbear  . he  action  of  he 
sympathetic, indicating  that  inhibition  is  stronger  than  acceleration  La , ein  t e 
stimulation  of  the  sympathetic  is  continued  for  a long  time  and  e'er 'f  * ’f t! 
lation  is  very  strong  and  severe,  the  heart  will not  pass ill  ■ normal 

but  after  quickening  its  pace  for  a short  period  it  mil  retun  . 

rate.  This  indicates  that  the  accelerator  fibres  or  Utn-es  are  not  motor  tier,  eso 
the  heart.  The  sympathetic  nerves  fibres  do  not  act  d.recUyon  the  heaxt 
muscle,  but  rather  on  the  intra-cardiac  gangha  « Uiem  to  ^ 
their  entire  reserve  stock  of  energy.  When  this  stoc  &- 
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the  stimulation  of  the  sympathetic  will  fail  to  accelerate  the  heart  s action. 
This  seems  to  indicate  one  line  of  proof  in  the  direction  of  Gaskell. s idea  that 
the  vagi  nerves  act  as  trophic  nerves  by  which  the  heart  is  nourished.  .The 
nerves  are  not  irritable,  hence  Gaskell  says  we  should  not  use  the  word  irrit- 
able at  all  in  connection  with  the  vagi  — we  should  use  the  word  stimulation. 

In  the  trunk  of  the  vago-sympathetic  and  from  the  loop  of  the  annulus  of 
Vieussens  certain  fibres  originate  and  pass  to  the  heart  which  are  not  properl\ 
either  inhibitory  or  accelerator  nerves.  For  example,  it  has  been  observed  that 
if  the  intra  caidiac  vagus  act  so  strongly  as  to  arrest  the  action  of  the  auricles, 
excitation  of  the  vago-sympathetic  trunk  will  result  in  a marked  increase  in  ven- 
tricular and  auricular  activity.  This  usually  followed  by  an  increase  of  the 
heart’s  action  or  beat.  These  changes  are  not  purely  inhibitory.  Pawlow  has 
classified  the  inhibitory  and  the  accelerator  nerves  under  four  heads.  1.  Those 
which  inhibit  the  heart  beat.  2.  Those  which  inhibit  the  force  of  contraction. 
t>.  Those  that  increase  the  heart  beat,  and  4.  Those  which  increase  the  force  of 
contraction.  Thus  we  have  the  inhibitory  and  accelerator  force  with  two  sub- 
divisions of  each.  For  example:  It  was  found  that  in  certain  stages  of  pois- 

.ouing  by  convallaria  majalis  that  the  stimulation  of  the  vagus  at  the  neck  when 
all  its  branches  were  severed  except  those  going  to  the  heart  and  lungs  were 
divided,  that  the  blood  pressure  was  lessened  without  affecting  the  heart  beat. 
The  stimulation  of  different  branches  from  the  annulus  of  Vieussens  leading  to 
the  heart  was  found  to  produce  in  some  cases  a diminished  blood  pressure, and  in 
cases  of  other  branches  a reduced  heart  beat,  and  in  others  an  increased  blood 
pressure  independent  ot  any  other  results.  This  seems  to  lead  to  the  conclusion 
that  certain  nerves  act  upon  the  heart  rhythm  and  others  upon  the  contraction 
force  forming  the  basis  of  the  sub-division  of  Pawlow  already  mentioned. 

The  Reflex  Action  of  Some  Sympathetic  Fibers  and  of  the  Cerebro 

Spinal  Nerves. 

In  the  sympathetic  there  are  fibers  which  excite  reflex  action  through  the 
vagi.  If  the  sympathetic  nerve  is  divided  at  the  neck  and  the  cephalic  portion 
of  the  nerve  is  stimulated,  the  heart’s  action  becomes  slow.  This  is  explained 
by  the  fact  that  certain  fibers  of  the  sympathetic  communicate  through  a cen- 
ter or  centers  with  the  vagus.  Stimulation  of  these  fibers  arouse  the  activity 
of  the  center,  and  tiiis  activity  is  communicated  by  the  center  to  the  vagus. 
The  cardiac  ganglia,  in  this  case,  being  inhibited  and  hence,  the  action  of  the 
heart  is  slowed.  This  will  not  take  place  if  the  vagi  have  been  previously 
divided,  or  cut. 

Gotz,  one  of  the  German  Physiologists,  has  proved  this  by  several  experi- 
ments in  connection  with  the  frog.  The  chest-wall  was  cut  by  him,  in  such  a 
way,  as  to  expose  the  pericardium,  through  which  the  heart  pulsations  could 
be  easily  observed.  By  beating  upon  the  abdomen  with  the  end  of  the  scalpel,  the 
heart  was  gradually  slowed,  and  finally  the  heart  ceased  to  beat  altogether. 
On  stopping  the  beating  on  the  abdomen,  the  heart  rested  for  a short  time  and 
then  began  to  beat  more  quickly  than  in  its  normal  condition.  Thus  the  fibers 
of  the  sympathetic  in  the  abdomen,  on  being  artificially  stimulated — in  this 
case  it  was  mechanical  stimulation — produce  a reflex  inhibition  of  the  heart 
through  the  vagi.  The  stimulation  of  the  central  end  of  the  splanchnic  is 
found,  also,  to  produce  reflexly  a rising  blood  pressure  and  the  slowing  of  the 
heart’s  action.  According  to  some  Physiologists,  splanchnic  stimulation  pro- 
duces not  a simple  but  a compound  result  ; the  stimulation  resulting  in 
increase  due  to  the  acceleration  and  inhibition  toward  the  close  of  the  stim- 
ulation. It  has  been  found  that  a severe  blow  on  the  epigastrium  or  the  sud- 
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den  swallowing  of  a large  quantity  of  ice-water  produces  syncope  of  the  heart 
The  dilatation  of  the  stomach  has  been  found  to  produce  an  inhibition  of  the 
heart.  The  stimulation  of  the  sensory  nerves  seems  to  affect  both  the  acceler- 
ator and  inhibitory  fibers.  In  the  case  of  a weak  stimulation  the  accelerator 
influence  prevails  and  in  the  case  of  a strong  stimulation  the  inhibit',: 
ence  prevails.  The  stimulation  of  the  nerves  of  the  special  senses,  sometimes 
increases  and  sometimes  ciminishes  the  action  of  the  heart. 

The  strong  irritation  of  the  suborbital  nerve  has  been  found  to  arrest  the 
action  of  the  heart  in  diastole.  The  stimulation  of  the  central  end  of  the  cut 
vagus  causes,  at  least,  a slowing  of  the  heart  beat,  some  say  its  complete  arrest. 
If  the  vagus,  on  the  other  side,  be  cut,  this  slowing  will  disappear  altogether, 
indicating  that  the  stimulation  of  the  central  end  of  the  one  affects  the  heart 
through  the  other  vagus — that  is,  it  is  a reflex  action.  At  the  same  time  the 
blood  pressure  is  affected;  sometimes  it  is  lessened  and  sometimes  it  is  increased, 
the  difference  in  this  case  being  due  to  the  vagus  which  seems  to  differ  in  differ- 
ent individuals. 

Depressor  Nerve. — This  nerve  is  sometimes  called  after  the  names  of 
the  parties  who  discovered  it,  Dudwig  and  Cyou.  These  tvro  Physiologists 
finding  that  the  stimulation  of  the  nerves  passing  from  the  central  nervous  sys- 
tem to  the  heart  aside  from  and  independent  of  the  vagus  produced  no  effect 
upon  the  heart  rate  or  the  blood  pressure,  thought  that  this  was  due  to  the  fact 
that  the  excitation  was  limited  to  the  end  of  the  divided  nerve  still  in  connec- 
tion wdth  the  heart.  They  thought  that  stimulation  of  the  end  connected  writh 
the  brain  would  produce,  not  negative,  but  positive  results.  In  their  investi 
gations  in  connection  with  these  nerves  in  the  rabbit,  they  found  an  afferent 
nerve  springing  from  the  vagus,  high  up  in  the  neck,  the  stimulation  of  its 
central  end,  producing  a fall  in  the  blood  pressure.  On  account  of  its  action, 
they  called  it  the  depressor  nerve.  This  depressor  nerve  arises  from  two  or 
more  nerve  roots,  one  of  which  springs  from  the  vagusj  and  another  from  one 
of  the  vagi  branches  of  the  superior  larymgeal  nerve.  If  this  nerve  is  single  in 
its  origin  as  it  is  sometimes,  its  origin  is  found  in  connection  with  the  laryngeal 
nerve.  Side  by  side,  with  the  cervical  sympathetic,  it  runs  down  to  the  chest 
where  it  communicates  with  the  ganglion  stellatum  by7  some  of  its  branches; 
the  depressor  fibers  terminating  in  the  ventricular  walls  of  the  heart.  In  the 
case  of  the  dog,  it  is  joined  to  the  vagus  and  does  not  form  an  independent 
nerve.  The  depressor  nerve  is  exclusively7  an  afferent  nerve.  After  it  is 
divided  on  the  stimulation  of  the  peripheral  end  no  effect  is  noticed  m the  heart 
rate,  or  the  blood  pressure.  From  this  v7e  conclude  that  the  heart  terminals  in 
this  nerve  are  quite  distinct  from  the  endings  of  the  inhibition  nerves  or  vagi, 
and  also,  independent  of  the  ending  of  the  accelerator  nerves  of  the  sympa- 
thetic. If  the  central  end  of  the  cut  depressor  is  stimulated,  a gradual  fall  of 
blood  pressure  follows,  and  at  the  same  time  there  is  a gradual  diminution  of 
the  heart  rate.  On  withdrawing  this  stimulation  the  blood  pressure  is  restored 
to  its  normal  condition. 

If  both  the  vagi  are  cut  the  excitation  of  the  depressor  nerve  causes  no 
change  in  the  rate  of  the  heart,  but  there  is  a fall  of  the  blood  pressure,  hrom 
this  w7e  conclude,  (r)  that  the  change  of  the  hear.t.ial£.-.hL.J.tl33.duce(]  by  -the 
stimulation  of  the  cardio  inhibitory  < center,  the  vagi  acting  as  the  medium 
through  which  the  action  affects  the  heart,  and  (2)  we  conclude  that  the  change, 
of  the  blood  pressure  does  not  depend  upon  the  vagus  remaining  perfect  or 
intact,  for  on  the  section  of  the  vagi  the  pressure  of  the  heart  or  the  blood  still 
continues  to  fall.  Ev  transmitting  an  impulse  to  the  cardio-iuhibitory  center, 
the  center  is  inhibited  and  its  activity7  being  restrained  the  small  arteries  dilate 
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and  as  a result  there  is  a fall  in  the  blood  pressure.  Normally,  this  center,  that 
is,  the  cardio-inhibitory  center  is  engaged  in  transmitting  impressions  which 
keep  the  muscular  fibres  of  the  arteries  in  a tonic  state  of  contraction.  This 
action  being  inhibited,  the  fall  of  blood  pressure  results  on  account  of  the  les- 
sening of  the  peripheral  resistance.  Poisoning  by  curare  does  not  seem  to 
affect  the  depressor  nerves.  There  are  two  possible  causes  of  the  tall  of  the 
blood  pressure.  1st,  the  cause  may  possibly  be  in  the  heart  itself.  This,  how- 
ever cannot  be  the  case,  because  after  all  the  nerves  to  the  heart  have  been 
divided,  depressor  stimulation  still  continues  to  lower  the  blood  pressure.  (2) 
therefore,  we  are  left  to  the  other  conclusion  that  the  cause  must  lie  in  the 
arteries.  By  dividing  the  splanchnic  nerve  it  was  found  that  the  abdominal 
arteries  were  dilated  aud  the  blood  pressure  fell.  Excitation  of  the  peripheral 
end  of  this  divided  splanchnic  nerve  on  the  other  hand  caused  a rise  in  the  blood 
pressure,  whereas  the  stimulation  of  the  central  end  did  not  produce  any  affect 
upon  the  rhythm  of  the  heart  or  upon  the  blood  pressure.  This  led  these 
experimenters  to  conclude  that  the  depressor  nerve  causes  a fall  of  the  blood 
pressure  by  lessening  the  tonic  constriction  of  these  arteries  under  the  influence 
of  the  splanchnic  nerve,  resulting  in  arterial  dilatation  and  the  lessening  of  peri- 
pheral resistance.  Thejiepressor  fibres  connect  the  heart  with  the  vaso-motor 
center,  .these  fibres  connecting  with  the  vaso-Fhotor  center  baua.  ‘ill,iliiib|^ 
when  the  heart  becomes  overfilled  with  ~15Too3^  this  stimulation  passing 
through  the  fibers  and  the  vaso-motor  center  and  affecting  the  arteries- .under, 
the  splanchnic  nerve,  lessening  the  resistance  and  thus  aiding  the  overfilled 
heart  in  emptying  itself  again.  Thus  the  function  of  the  depressor  nerve  is 
temporary,  not  continuous.  This  is  evident  from  the  fact  that  the  section  of 
the  depressor  nerve  does  not  alter  the  blood  pressure  at  all. 

Some  recent  investigations  have  shown  that  the  excitation  of  the  depressor 
nerve  after  placing  a limb  of  the  body  in  Masso’s  Plethysmograph  resulted  in 
the  increased  volume  of  the  limb  due  to  the  dilatation  of  the  arteries  in  the 
limb.  The  same  effect  is  noticed  in  connection  with  those  vessels  in  the  neck 
becoming  very  much  dilated  just  in  the  same  way  as  the  vessels  in  the  limb. 

Centers  of  the  Cardiac  Nerves. 

In  connection  with  the  heart  there  are  three  great  centers:  1,  Tin  inhibE 

tnrv  center  connected  with  the  inhibitory  .fibers  of  the  vagi.  2.  An  accelerator.  __ 
connected  with  the  sympathetic  fibers,  and  3 The  higher  cerebral  centers 
sometimes  called  the  higher  centres,  which  influences  these  other  centers  and 
explains  in  some  way  the  relation  of  the  emotions  to  the  heart  and  the  hearths 
action. 

1.  Inhibitory  Center.  The  Webers,  two  brothers  that  we  have  been 
referred  to  already,  found  that  this  inhibitory  center  was  located  in  the  medulla- 
pblongala.  Its  exact  location  in  the  medulla  has  not  yet  been  identified  be- 
cause, while  a stimulation  of  the  various  parts  of  the  medulla  may  yield  certain 
results,  it  is  difficult  to  distinguish  the  effects  that  are  produced  by  the  excita- 
tion of  the  center  itself,  and  by  the  excitation  of  the  nerves  after  leaving  the 
center.  I.aborde  has  localized  this  center  at  the  level  of  the  nucleus  of  the 
hypo-glossal  nerve  (the  12'tli  lierve),  the  vagus  and  spinal  accessory,  in  the 
grev  matter  on  the  floor  of  the  j.th  ventricle.  It  was  found  that  by  separating 
the  bulb  from  the  spinal  cord,  all  the  reflex  actions  induced  by  nerves  entering 
the  cord  were  suspended  while  the  reflex  action  resulting  from  the  excitation 
of  the  tri  facial  nerve  (the  5th  nerve),  remains  undisturbed.  From  this  it  is 
concluded  that  the  inhibitory  center  is  contained  somewhere  in  the  medulla, 
but  exactly  where  is  not  known.  The  center  of  the  inhibition  seems  to  be 
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always  active,  for  if  the  vagi  are  divided  the  heart-beat  increases.  This  con- 
stant activity  of  the  center  may  be  due  either  to  constant  impulses  conveyed 
along  the  afferent  fibres  or  to  the  independent  activity  of  the  center  apart  from 
these  afferent  impulses.  It  would  seem  that  the  division  of  the  vagi  after  all 
the  afferent  impulses  have  been  destroyed  by  section  of  the  spinal  cord  below 
the  bulb  does  not  increase  the  heart-action.  These  nervous  impulses  come  to 
the  center  of  inhibition  by  sensory  nerves  from  the  periphery,  the  splanchnics, 
from  the  abdominal  cavity  and  also  through  the  depressor  nerve  from  the 
heart.  If  the  splanchnic  nerve  be  cut  the  afferent  impulses  are  suspended  and 
the  heart  rate  is  increased.  The  origin  of  the  cardio-.inhibitory  fibres  is  un- 
certain, although  it  is  generally  believed  that  they  enter  the  vagi  from  the 
spinal  accessory  nerves,  (the  nth  pair  of  nerves.)  This  is  believed  to  be  the 
case  because  on  removing  the  spinal  accessory  before  it  joins  the  vagus  trunk 
and  allowing  the  fibers  in  the  vagus  to  degenerate,  cardio  inhibition  is  de- 
stroyed, entirely  destroyed.  This,  however,  is  disputed  by  some  physiologists. 

2.  Accelerator  Center. — The  accelerator  fibers  are  believed  to  origi- . 
11  ate  m the  upper  portion  of  the. spinal  cord,  the  situation  of  the  center  being 
IUnknown,  although  it  is  probably  in  the  bulb.  The  accelerator  center' seems" to 
be  always  active.'  This  is  evident  from  the  fact  that  the  heart  rate  is  lowered 
after  division  of  the  vagi  followed  by  the  removal  of  the  inferior  cervical  gan- 
glion and  the  first  dorsal  ganglion.  The  same  result  is  produced — that  is,  the 
lowering  of  the  heart  rate — by  the  section  of  the  spinal  cord  of  the  upper  cer- 
vical portion  after  the  division  of  the  vagi.  There  is  a reflex  acceleration  of 
the  heart  action  that  arises  from  changes  in  the  cardio  inhibitory  center  and  not 
due  to  the  direct  accelerator  stimulation.  If  the  accelerator  fibers  are  divided, 
the  vagi  remains  perfect  .so  that  the  stimulation  of  afferent  nerves  increases  the 
heart’s  action.  It  makes  no  difference,  then,  whether  the  accelerator}'  nerves 
are  divided  or  solid,  the  stimulation  of  the  afferent  nerves  produces  the  same 
result. 

3.  The  Higher  Centers. — Various  efforts  have  been  made  to  localize 
as  well  as  to  discover  higher  centers,  especially,  in  the  cortex  cerebri  connected 
in  some  wray  with  the  inhibitory  and  accelerator  action  of  these  centers.  Such 
attempts,  so  far,  have  been  unsuccessful.  The  heart’s  action  in  connection 
with  the  heart- beat  is  not  to  a very  great  extent,  if  at  all,  subject  to  the  volun- 
tary control  of  the  will  except  in  very  rare  cases.  There  is  no  doubt  biff 
is^some  connection  between  the  higher  centers  representTng^THeemoHons  and 
thejcardiac  eenfers7fl5i.it  the  nature  of  these  connections  is  a .Vyetnmk iimvn . 

Intra-Cardiac  'Her-v-otjS'  Arrangements. — This  subject  has  been 
investigated  chiefly  in  connection  with  the  heart  of  the  frog.  This  is  of  con- 
siderable disadvantage  in  the  study  of  the  mammalian  heart,  for  the  frog’s 
heart  is  more  subject  to  intra- cardiac  regulation  than  the  mammalian  heart. 
In  the  case  of  the  frog,  for  example,  the  vagus  seems  to  act  as  an_  inhibitory, 
— sQt  constantly,  but  only  under  extraordinary  circumstances.  WKen  the  vagus 
of  t ffe  frog Ts  divided,  there  isT  no  increase  in  the  Heart  rate.  The  nervous 
mechanism  in  the  case  of  the  frog’s  heart,  is  very  simple.  The  two  cardiac 
branches  of  the  vagus  nerves  lie  along  the  walls  of  the  inferior  vena-cava, 
extending  to  the  posterior  margin  of  the  sinus  venosus,  forming  a ganglion 
where  the  sinus  and  the  right  auricle  unite.  The  nerves  then  branch  out  along 
the  auriculo  ventricular  furrow,  toward  and  joining  the  two  ganglia  of  Bidder. 
From  these  ganglia  a number  of  fine  nerves  pass  underneath  the  endo  eardium 
and  outwards  into  the  muscular  tissue.  In  the  mammalian  heart,  on  the  other 
hand,  a large  number  of  non  medullated  nerves  appear,  forming  themselves  into 
networks,  and  running  underneath  the  pericardium  from  the  base  to  the  apex 
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of  the  ventricle,  running  always  in  a slanting  and  oblique  direction.  These 
nerves  can  be  traced  to  the  cardiac  plexus,  situated  at  the  base  of  the  heart. 
They  are  not  efferent  branches  of  the  vagus,  or  sympathetic,  for  even  after 
dividing  these  cardiac  nerves  the  characteristic  inhibition  and  acceleration  follow, 
if  the  peripheral  ends  of  these  cardiac  nerves  are  stimulated,  no  effect  follows 
in  the  heart  rate,  or  in  the  blood  pressure  ; but  by  the  stimulation  of  the  cen- 
tral ends,  there  are  noticeable  changes  in  the  heart  rate,  and  also  in  the  blood 
pressure,  indicating  that  these  nerves — convey  impulses  to  the  central  nervous 
system,  resulting  in  a reflex  action  upon  the  heart.  Some  Physiologists  think 
that  the  impulses  are  carried  not  from  the  cardiac  nerves  to  the  central  nervous 
system,  but  from  the  cardiac  nerves  to  the  peripheral  ganglia  ; the  heart  being 
influenced  through  these  peripheral  ganglia  and  not  through  "the-  central~uer- 
v.ous  system.  This  raises  the  question  whether  the  peripheral  ganglia  do,  or 
do  not,  act  as  centers  of  the  reflex  activity.  The  excitation  of  the  central  end 
of  the  divided  left  anterior  portion  of  the  annulus  of  Vieussens  becomes  changed 
inside  the  first  dorsal  ganglion,  into  a motor  influence  transmitted  by  the  post- 
erior portion  of  the  annulus.  This  impulse,  thus  changed,  produces  an  accel- 
eration of  the  heart  reflexly.  This  would  seem  to  indicate  that  certain  afferent 
influence  become  changed  in  the  sympathetic,  particularly  in  the  cardiac  gang- 
lia into  eff e'en t impulses  which  act  upon  the  heart. 

Experiments  In  Connection  With  The  Heart. 

After  the  removal  of  the  frog’s  heart  from  the  body  and  the  breaking  of 
all  connection  with  the  central  nervous  system,  it  still  continues  its  rhythmical 
beat  for  some  time.  If  then  the  apex  of  the  heart  is  moved  it  (the  apex)  will 
cease  to  beat  while  the  rest  of  the  heart  continues  to  pulsate.  If  the  heart  is 
continuously  divided  into  transverse  sections  it  will  continue  to  beat  until  it  is 
divided  at  the  auriculo-ventricular  furrow  when  the  ventricle  will  cease  to  beat. 
If  these  unbeating  parts  of  the  dissected  heart  are  stimulated  they  will  respond 
by  a single  contraction  even  after  they  have  ceased  to  beat.  If  the  ventricle 
and  the  auricle  be  divided  at  the  auriculo-ventricular  furrow,  the  auricles  will 
continue  to  beat,  the  ventricles  ceasing.  If,  however,  this  division  is  made  on 
the  auricular  side  of  the  groove,  especially  if  the  septum  be  preserved  intact 
the  ventricle,  in  this  case,  will  continue  to  pulsate,  probably  because  of  the 
passage  from  the  auricle  to  the  ventricle  of  an  impulse.  Gaskell  by  the  use  of 
the  tight  screwing  instrument  (the  clamp)  which  he  fitted  around  the  heart  was 
able  to  block  entirely  the  nervous  influences  so  that  the  ventricular  beat, 
instead  of  being  simultaneous  with  the  auricular  beat,  beat  only  once  for  every 
three  or  four  beats  of  the  auricle.  Stannius  and  Rosenberg  have  made  experi- 
ments of  considerable  importance  in  this  connection  After  exposing  the  heart 
the  pericardium  is  opened,  the  connective  tissue  between  the  pericardium  and 
the  ventricle  is  separated  so  as  to  permit  the  ventricle  to  be  raised  Then 
a ligature  is  passed  around  exactly  fietweeu  the  right  auricle  and  the  sinus 
venosus  and  another  around  the  auriculo-ventricular  groove. 

The  sinus  continues  to  beat,  the  auricles  and  ventricle  being  stopped  in  dias- 
tole. Alter  the  latter  ligature  is  applied  t lie  ventricle  begins  to  beat  again  and 
sometimes  the  auricle  also,  but  normally  the  auricle  remains  in  diastole.  It  is  sup- 
posed that  the  ganglion  in  the  sinus  affects  in  some  way  in  the  normal  heart,  the 
ganglion  in  the  furrow.  When  the  sinus  ganglion  is  cut  off,  the  auricle  and 
ventricle  stop  because  the  ganglion  in  the  groove  has  not  enough  energy  to 
keep  up  the  activity.  The  stimulation  of  the  latter  ganglion  causes  both  auricles 
and  ventricles  to  beat  again,  if  any  part  of  the  ganglion  is  connected  with  the  auri- 
cleand  a part  with  the  ventricle.  This  does  not  imply  that  the  ganglia  are  neces- 
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sary,  however,  to  the  heart-beat.  For  if  the  ventricle  of  a frog’s  heart  is  divided 
into  sections,  each  part  connected  by  muscle  to  each  other  part,  stimulation  of 
one  part  will  cause  the  other  parts  to  beat.  In  this  case  the  rhythm  is  not 
transmitted  by  nervous  impulses.  This  indicates  that  the  rhythm  takes  place 
in  structures  which  have  llo  nervous  ganglia,  as  in  the  apex  of  the  heart  and  in 
the  heart  of  the  feetus  in  its  earlier  stages  of  development. 

Other  Circumstances  Influencing  the  Heart  Rhythm.  While  the 
nervous  system  affects  the  heart,  there  are  other  influences  which  affects  it. 
These  are  two  fold:  i.  Influences  depending  on  nutrition,  and  2.  Physical, 

mechanical  and  chemical  influences.  1.  The  heart  substance  needs  nourish- 
ment, and  for  this  the  blood  supply  of  a necessary  quality  and  quantity  is  re- 
quired. In  the  case  of  the  frog’s  heart,  it  continues  to  beat  after  being 
removed  from  the  body  and  empty  of  blood.  Soon  the  beating  ceases.  This 
will  be  aided  by  washing  out  the  tissues  with  a saline  solution  If  after  wash- 
ing a heart  in  this  way  it  be  attached  to  a perfusion  canula  the  heart  may  be 
fed  with  suitable  fluid,  such  as  diluted  blood  or  blood  serum  passed  through  the 
canula  In  this  way  the  heart-beat  may  be  restored  artificially’'  and  kept  up 
for  a long  time.  When  fed  in  this  way  it  is  found  that  certain  substances  like 
lactic  acid  result  in  expansion  while  others,  like  solutions  of  sodium  hydrate, 
result  in  contraction  of  the  ventricle.  This  means  that  the  ventricular  portion, 
of  the  heart  possesses  tonicity  varying  with  its  condition  and  circumstances;  for 
example:  the  presence  of  inhibitory  or  accelerator  impulses  The  rhythm  thus 
artificially^  produced  by  artificial  feeding  becomes  generally  very  soon  intermit- 
tent, due  both  to  the  formation  of  certain  chemical  substances  and  to  the  fact 
that  artificial  feeding  is  not  as  perfect  as  natural.  Thus  influences  arise,  con- 
nected with  the  heart  nutrition,  which  affect  the  beat  by  influencing  in  some 
way  the  muscular  tissue  and  also  the  nervous  tissue,  producing  variations  in 
the  heart  rhythm. 

During  life  the  heart  beat  is  maintained  by  the  constant  supply  of  arter- 
ialized  blood.  The  blood  is  so  complex  that  all  its  elements  are  not  of  equal  value 
to  the  heart  for  its  nutrition.  Various  experiments  have  been  employed  by  dif- 
ferent Physiologists  to  discover  the  constituents  of  blood  necessary  for  heart 
nutrition.  A frog's  heart, — for  example, — supplied  with  a normal  saline  solu- 
tion six  per  cent  solution  of  sodium  chloride,  ceases  to  beat  sooner  than  an  empty 
heart.  Certain  of  the  salts  that  are  found  in  the  blood  are  required  to  sustain 
the  action  of  the  heart.  For  example:  Sodium  chloride  solution,  a one  per 

cent  chloride  solution,  is  said  to  be  isotonic.  A calcium  salt  added  to  the  heart 
after  the  addition  of  sodium  chloride  prolongs  the  heart  beating,  although  at  the 
same  time  it  alters  the  contraction,  specially  the  contraction  of  the  ventricle, 
which  falls  into  what  is  called  a condition  of  tonic  contraction.  By  the  addi- 
tion of  potassium  salt,  the  normal  condition  of  contraction  may  be  restored. 
Ringer  recommends  the  following  compound  solution: 

Sodium  chloride,  a 6 per  cent  solution,  saturated  with  tribasic  calcium  phos- 
phate, a hundred  cubic  centimetres;  Potassium  chloride,  1 per  cent  solution  or 
acid  potassium  phosphate  also  1 per  cent  solution  two  cubic  centimetres.  In 
regard  to  the  mammalian  heart,  little  has  been  discovered  except  that  the  blood 
of  the  same  species  is  the  best  nutriment  to  supply  the  heart.  It  seems  that  in 
supplying  the  mammalian  heart  with  the  blood  of  a different  species  the  heart  is 
caused  to  cease  beating  sooner,  oedema  being  set  up  in  the  lungs  resulting  in  the 
gorging  of  the  right  side  of  the  heart  and  the  obstruction  of  the  pulmonary  cir- 
culation, resulting  finally  in  the  injury  of  the  elastic  cardiac  muscle,  causing  dis- 
tension, so  that  the  diastole  of  the  heart  is  impossible. 

2.  The  Physical  and  Chemical  Influences. 

These  influences  affect  the  structure  of  the  heart,  both  muscular  and  ner- 
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vous.  We  have  seen  already  that  the  beat  of  the  frog’s  heart  is  affected  very 
materially  by  the  beat,  increasing  the  pulsations.  The  number  of  pulsations  in 
the  heart  are  increased  until  40  degrees  C.  is  reached,  when  the  heart  passes  into 
a condition  of  thermal  rigor.  Up  to  20  degrees  C.  the  extent  of  the  contraction 
continues  to  increase;  above  20  degrees  C.  it  diminishes,  the  contraction  being 
more  rapid  and  also  of  shorter  duration.  The  cooling  of  the  heart — as  we 
saw,  by  ice — removes  the  rigor  and  by  the  continued  application  of  the  cool- 
ing process  the  heart  is  normally  restored  until  it  reaches  3 or  4 degrees  C.  when 
it  will  cease  to  beat.  Even  if  the  heart — the  heart  of  the  frog — is  frozen,  by 
the  application  of  heat  gradually  so  as  to  thaw  out  the  heart  not  all  at  once  but 
slowly,  the  heart  will  revive  and  begin  to  pulsate  after  a few  moments,  norm- 
ally. In  the  mammalian  heart  it  is  found  that  by  severing  all  the  nervous  con- 
nection and  pouring  into  the  heart  warm  blood  at  the  normal  temperature  it 
begins  to  beat  faster,  whereas,  it  beats  slower  if  a cold  solution,  as  cold  blood,  is 
poured  into  the  heart.  It  has  been  found  that  the  heat  must  be  applied  to  the 
blood  in  the  capillaries  of  the  heart  in  order  to  produce  these  results,  indicating 
that  the  heart  must  be  brought  into  contact  with  the  heart  substance  through 
the  blood  in  order  to  effect  this  increase.  This  idea  is  of  great  value  in  consid- 
ering the  abnormal  conditions  represented  by  fever  pulsations,  which  become 
very  rapid . 

If  an  electric  current  is  applied  to  the  heart,  of  a moderate  strength,  the 
heart  beat  is  quickened,  whereas,  if  the  current  applied  is  very  strong,  the 
heart  passes  into  the  condition  of  fibrillation.  A minimal  stimulus  produces  a 
maximal  contraction.  If  the  stimulus  is  applied  to  the  heart  the  effect  of  the 
stimulation  will  depend  upon  the  length  of  time  that  has  elapsed  since  the  last 
contraction  of  the  heart.  If  the  time  that  has  elapsed  since  the  last  contrac- 
tion of  the  heart,  is  sufficiently  long  to  enable  the  heart  to  recover  itself,  a 
stimulation  applied  will  result  in  still  further  contraction.  If  the  time,  how- 
ever, has  not  been  sufficient  to  allow  the  neart  to  recover  itself,  a feeble,  elec- 
trical stimulation  will  call  forth  no  1 espouse,  while  a strong  stimulation  will 
force  a response.  In  this  last  case  of  a strong  current  of  stimulation,  there  is  a 
cessation  of  the  heart’s  action,  the  muscle  of  the  ventricle  at  least  manifesting 
the  characteristic  twitching  movement,  the  ventricles  themselves,  being  so 
twisted  and  dilated  as  to  prevent  blood  from  being  driven  out.  Certain  chemi- 
cal substances  affect  the  heart;  for  example:  ether  in  small  quantities,  increases 

the  heart  beat,  at  least,  in  the  frog’s  heart,  while  large  quantities  of  ether  will 
arrest  the  action  of  the  heart  altogether.  This  arrest  of  the  heart  caused  by  a 
large  quantity  of  ether  can  be  overcome  by  the  addition  of  fresh  blood  to  the 
heart.  Chloroform  also  diminishes  the  heart  beat.  Carbonic  oxide  and  sul- 
phuretted hyorogen  act  upon  the  heart  so  as  to  paralyze  it.  Excessive  carbonic 
acid  lessens  the  activity  of  the  heart,  and  if  it  is  very  excessive,  will  stop  the 
action  of  the  heart  altogether.  vSulphurous  acid  also  very  rapidly  destroys  the 
activity  of  the  heart.  The  potassium  salts  also  stop  the  heart  in  diastole.  A 
cholorine  solution,  if  the  solution  is  weak,  stimulates  the  heart’s  action,  whereas, 
if  the  same  solution  is  strong,  it  arrests  the  action  of  the  heart  altogether. 

SECTION  VIII.— II-  Circulation,  of  1 he  Blood  in,  the  Blood  Vessels. 

The  circulation  of  the  blood  in  the  blood  vessels  depends  upon  certain  phy- 
sical principles  that  regulate  the  movements  of  the  current  in  tubes,  both  elastic 
and  rigid.  In  the  circulation  of  the  blood  in  these  vessels,  we  have  to  take 
into  account,  firsUoFall,  the  heart  force.  'Phis  heart  force,  as  we  have  seen, 
drives  out  the  blood  from  the  heart  into  the  arteriaTctrculationT.  2d  _We  have 
to  take  into  account  the  long  stretch  of  elastic  tubing  reaching  from  the  heart, 
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l)Othback\vard  and  forward  to  the  peripheries,  and  3d.  In  the  minute  vessels 
there  is  a peripheral  force  which  constitutes  a constant  resisting  force ' actinv 
upon  the  blood  backward  to  the  heart.  Apart  from  the  heart  rhythm,  the  elas- 
ticity of  the  arterial  walls  and  the  peripheral  resistance  offered  by  the  minute 
capillary  vessels,  there  are  certain  physical  principles  which  explain  many  per- 
haps all,  the  phenomena  of  the  circulation.  The  heart  force  meets  the  pheri- 
pheral  resistance  set  in  the  capillaries,  and  sent  back  from  these  minute  vessels 
in  such  a way  as  to  promote  the  circulation  through  the  entire  vascular  mechan- 
ism. In  Physical  Science  the  law  of  the  equal  transmission  of  pressure  is  as 
follows:  That  the  pressure  upon  any  region  of  the  surface  of  a fluid,  is  frans- 

m it  ted  equally,  and' always  at  right  angles  .to  any  part  of  the  surface  of  the  fluid 
-—-drying  an  equal, area*-. 

If  we  fake  a vessel  filled  with  water,  the  pressure  at  the  bottom  of  the  ves- 
sel will  be  equal  to  the  weight  of  a perpendicular  column  of  water  equal  to  the 
height  of  the  fluid,  and  with  a base  equal  in  area  to  the  bottom  of  the  fluid 
At  any  point  along  the  side  of  the  vessel,  or  tube,  in  which  the  fluid  is  con- 
tained, the  pressure  will  be  equal  to  the  weight  of  a column,  equal  to  the  depth 
of  that  point  below  the  surface  of  the  fluid  with  a base  whose  area  is  equal  to 
the  area  of  the  side  of  the  vessel. 

The  rapidity  of  the  flow  out  of  such  tubular  vessels  of  fluids  is  in  direct 
proportion  to  the  cross  section  area  and  in  inverse  proportion  to  the  length  of 
the  tube.  If  the  tube  in  which  the  liquid  is  contained  be  uniform,  the  fluid 
will  run  through  each  cross  section  with  a certain  rapidity,  this  rapidity 
diminishing  with  the  ratio  of  the  length  of  the  tube  and  also  the 
amount  of  resistance  that  is  met  with  the  fluid  within  the  flow.  The~rapidity 
ofi  the  flow  of  the  fluid  will  depend  upon  a number  of  considerations  : 1.  The 

calibre  of  the  tube-  2.  The  length  of  theTute  ^~The~natu re  of  the  liquid, 
the  gfutmous  "fluids  flowing  slbwerTfrarridre- limpid  fluids.  "4?  TJfg  pressure 
velocity  increasing  with  the  square  root  of  the  pressure  except  in  smaUtubes, 
when  it  increases  directly  with  the  pressure.  5.  Thg^teraggraturei  the  vpk>- 
city^ increasing  with  the  rise  of  temperature,  falling  with  the  fall  of  tempera- 
ture. 6th.  The  resistance.  The  flow  is  slower  where  resistance  is  greater  and 
vice  versa.  This  resistenbe  is  increased  by  the  curving,  jointing  or  thejfuldiuir 
of  the  tubes,  and  also~lncreases.by  the  branching  of  the  tube.  In  the  latter 
case  the  branching  of  the  tube  where  the  tube  branches  off:  into  a number  of 
divisions,  the  same  liquid  volume  passes  through  the  same  cross  section  area, 
the  velocity  being  inversely  proportional  to  the  cross  section  area,  therefore 
diminishing  as  the  cross  section  area  increases.  These  are  principles  that  we 
apply  to  the  circulation,  principles  that  explain  the  circulation  of  the  blood. 
In  passing  from  the  arteries  to  the  minute  blood  vessels  this  cross  section  area 
is  constantly  increasing.  The  blond  starting  from  the  heart  has  to  begin  with 
the  force  of  the  heart's  action,  This  force  is  not  constantly  exerted,  but  only 
at  intervals  represented  by  the  heart  beat  or  the  hea^l  beat  pulsations,  these 
intermittent  pulsations  being  compensated  for  by  the  elasticity  of  the  arteral  walls 
so  that  when  the  blood  reaches  the  capillaries  it  is  a continuous  stream.  This 
continuous  current  passing  along  the  elastic  arteries  bears  along  with  it  the 
wave  of  contraction,  representing  the  amplitude  of  the  heart  pulsations,  the 
current  being  slower  than  the  wave  which  passes  along  the  walls.  Several  ex- 
periments have  been  made  by  Marey  and  others  in  connection  with  elastic  tubes 
through  which  a fluid  is  passed  intermittently  as  in  the  case  of  the  blood.  The 
results  may  be  summarized:  1.  A fluid  on  entering  the  elastic  tube  intermit- 

tently and  quickly  arouses  a series  of  waves  transmitted  with  a velocity  inde- 
pendent of  the  current  of  the  fluid.  2.  The  velocity  of  transmission  in  pro- 
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portional  to  the  elasticity  of  the  tube  and  in  an  inverse  proportion  to  the  fluid 
density,  3.  The  extent  of  the  wave  depends  upon  the  amount  of  fluid  and  the 
rapidity  with  which  it  is  thrown  into  the  tube.  4.  If  a fluid  efl.terS-the.-ln.be  in 
a large  volume  there  is  a backward  oscillation  which  causes  secondary  waves. 

hr-hran chiny:  out  of  one  tube  into  two  tubes  a very  complex  series  of  waves 
passes  along  the  ~bue  Tube  into  tTie~  otherT  This  never  takes  place  in  the 
arteries- because  each  artery  has  its  own  peculiar  wave  and  ne\  er  communicates 
it  to  the  other.  6.  If  an  elastic  tube  becomes  suddenly  narrowed  or  if  the 
quantity  of  fluid  is  quickly  increased  or  diminished  a negative  wave  is  set  up. 
These  represent  the  physical  principles  which  will  be  applied  to  the  circulation 
of  the  blood. 

In  the  living  circulation  we  find  certain  elements  that  are  not  found  in  any 
artificial  representation  of  it.  In  the  venous  circulation  there  is  such  a valvu- 
lar arrangement  as  to  materially  assist  the  circulation  from  the  capillaries  to 
the  heart,  and  to  prevent  any  recurrent  blood  flow.  Muscular  movements, 
especially  these  movements  of  the  skeletal  muscle,  and  even  the  passive  move- 
ments of  the  limbs  will  assist  the  circulation.  In  respiration,  also,  the  conti ac- 
tion and  distension  of  the  thoracic  cavity  tend  to  force  the  blood  out  of  the 
chest  and  to  draw  the  blood  back  again  into  the  chest  from  the  outside,  thus 
promoting  normal  circulation.  All  these  actions  of  the  human  body  act  as 
material  helps  to  the  circulation.  We  must  remember,  however,  that  these  are 
simply  aids  that  do  not,  or  cannot,  produce  the  circulation,  because  even  when 
the  muscles  are  resting,  and  when  respiration  is  su*pended  for  a time,  there  is 
force  enough  generated  in  the  ventricular  beat  to  drive  the  blood  through  the 
arterial  circulation,  through  the  capillary  circulation,  and  through  the  venous 
circulation  back  to  the  heart  again. 

SECTION  IN- -Physiology  of  the  Structure  of  the  Bloocl  Vessels. 

The  blood  vessels  consist  of  arteries  conveying  the  blood  from  the  heart  to 
the  capillaries,  through  which  the  blood  passes  in  close  relation  to  the  tissues 
of  the  body  and  to  the  lymph,  emptying  itself  into  the  veins  which  carry  the 
blood  back  again  to  the  heart.  The  arteries,  as  we  have  said,  carry  the  blood 
away  from  the  heart.  These  arteries  in  their  structure  are  very  important. 
They  have  a strong  elastic  wall,  and  hence,  remain  open,  even  when  they  are 
cut  transversely.  Each  artery  is  surrounded  by  a sheath  of  connective  tissue, 
more  or  less  distinct,  and  the  arterial  wall  consists  of  several  layers  or  coats. 

1 st.  The_tunica  intina,  a delicate  transparent,  easily  broken  coat,  arranged 
longitudinally?  2nd."  The  tunica  media^  or  thick,  tough,  elastic  and  contrac- 
tile layers,  composed  of  unstripped  muscle  fibres,  arranged  circularly  around 
the  vessel  and  in  the  large  vessels,  it  consists  also,  of  a large  portion  of  elastic 
tissue.  3d.  The  tunica  adventitia  consists  of  bundles  of  connective  tissue,  with 
some  muscular  fibers  mingled  among  them;  these  muscular  fibers  being  situated 
chiefly  in  the  deep  part  of  the  tunica,  suitably  arranged,  also,  longitudinal 

There  are  three  kuads  of  arteries,  i . The  arterioles,  those  that  enter  into 
the  capillaries.  2nd.  The  medium  sized  arteries,  including  all  the  largei 
arteries  except  the  aorta  and- pulmonary  artery.  3d.  The  large__ail££i£S,  con- 
taining a very  large  amount  of  elastic  tissue.  This  composition  of  the  arteri- 
cal  wall  makes  the  arteries,  (1)  very  elastic  so  that  they  distend  readily,  either 
longitudinally  or  transversely,  returning  rapidly  to  their  original  position  when 
the  pressure  is  removed.  This  elasticity  is  of  great  value  in  maintaining  the 
circulation;  (2),  the  arteries  are  also  very  contractile.  On  being  stimulated, 
eather  mechanically,  electrically,  or  by  nervous  impulses,  they  lessen  in  calibre 
reducing  the  bore  of  the  artery.  Thus  the  calibre  of  the  artery  may  be  widened 
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or  narrowed  according  to  the  muscular  activity  of  the  arterial  walls  In  th*> 
larger  arteries  there  is  a predominance  of  the  elastic  fibers  and  n 

artenes  of  the  muscular  fibers-giving  to  the  larger  and  to  thi  smaller  arteriS 
their  characteristic  property  respectively  of  elasticity  and  muscularity 

As  the  arteries  branch  out  from  the  aorta  they  divide,  the  branches 
formed  representing  as  we  have  seen  a greater  section  area  than  they  find  in 
he  larger  trunk;  hence  the  arterial  sectional  area  increases  from  the  aorta  lo 
ie  capillaries,  becoming  at  the  capillaries  a very  large  region.  The  capillaries 
axe  vessels  of  microscopic  minuteness,  about  i-3oooof  an  inch  in  diameter  The 

tnn  rfla?d  wal^?ns*s^  of  a nucleated  homogenous  membrane  continuous  with  the 
H e adventitia.  Tlns^membrane  being  lined  by  a single  layer  of  endothelial  cells 
these  cells  being  joined  together  at  their  borders  or  margins.  These  very  mi- 
nute capillaries  are  formed  by  division  and  by  subdivision  with  almost  uniform 
calibre,  constituting  net  works  or  meshes,  varying  in  different  organs  beinv 
most  minute  in  the  lungs  and  the  liver  and  larger  in  the  case  of  the  muscle  if 
these  capil  anes  the  blood  current  is  slow,  being  more  rapid  at  the  center  of  the 
vessel.  The  delicate  endothelial  walls  widen  when  the  blood  corpuscles  pass 
and  narrow  again  when  the  pressure  is  removed.  This  thin  wall  admits  of  the 
passage  of  water,  gas  and  even  of  corpuscles— particularly  the  white  corpuscles 
m the  interchange  that  takes  place  between  the  blood  and  the  tissues 
through  the  medium  of  the  lymph.  The  veins  carry  the  blood  back  again 
from  the  capillaries  to  the  heart.  They  have  much  thinner  walls  than  the^  ar- 
teries and  when  cut  across  they  collapse.  The  tunica  intima  in  the  veins  is 
similar  to  and  the  tunica  adventitia  is  identical  with  the  arterial  coats.  The 
tunica  media  is  different,  consisting  of  white  fibrous  tissue  with  a few  muscle- 
hbrous  cells,  and  a little  if  any,  elastic  tissue.  On  account  of  this  the  veins 
when  empty  collapse.  These  veins  are  very  little  elastic  being  simply  channels 
through  which  the  blood  passes  with  only  a certain  amount  of  elasticity  so  as 
to  be  able  to  pass  a certain  quantity  of  blood  necessary  for  the  circulation.  The 
sectional  area  of  the  veins  like  that  of  the  arteries  diminishes  from  the  capil- 
laries to  the  heart.  The  venous  capacity  is  very  much  greater  than  the  arterial 
capacity,  the  veins  being  able  to  hold  all  the  blood  normally  found,  both  in  the 
arteries  and  the  veins.  Inside  most  of  the  veins  there  are  valves  so  arranged  as 
to  prevent  the  leflex  current  of  the  blood.  Each  of  these  valves  consists  of 
two  flaps,  projections  of  the  inner  coat  placed  on  the  opposite  sides  of  the  veins, 
and  almost  though  not  exactly,  at  the  same  level,  so  that  the  free  margin  of 
the  one  rests  slightly,  freely  upon  the  free  margin  of  the  other.  At  the  base 
each  there  is  a small  recess  which  assists  the  valve  in  supporting  the  column  of 
blood  above  it.  All  of  the  large  and  middle  sized  vessels  have  within  them 
very  fine,  delicate  blood  vessels  in  their  walls,  these  blood  vessels  being  found 
in  the  tunica  adventitia.  These  blood  vessels  are  supplied  with  nerve  fibers 
distributed  among  the  muscle  fibers. 


SECTION  X. — Arterial  System. 

The  walls  of  the  arteries  are  both  elastic  and  muscular.  Tn  the_smaller 
arteries  the  muscular  element  and  in  the  larger  arteries  the  elastic  element  pre- 
vails- In  the  case  of  the  large  elastic  arteries  the  bloocfenters  with"  an  inter- 
mittent  flow  from  the  heart,  caused,  of  course,  by  the  Ventricular  beat  being 
changed  through  the  course  of  these  larger  arteries  into  a continuous  flow  before 
entering  into  the  capillaries.  At  each  contraction  of  the  ventricle  a volume  of 
blood  is  thrown  into  the  aorta  which  expands  on  all  sides.  When  the  ventric- 
ular diastole  begins  the  aorta  recoils  the  vis  a tergo  force,  the  force  from  behiud 
being  withdrawn  ; the  sigmoid  valves  being  closed  and  the  blood  pushed  along 
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the  arterial  circulation,  the  arteries  expand  as  the  blood  flow  increases  and  re- 
coil as  it  diminishes.  These  movements  of  expansion  and  recoil  are  transmit- 
ted with  diminished  intensity  as  the  blood  flows  from  the  heart.  Two  forces, 
therefore,  are  constantly  acting  in  driving  the  blood  along  these  vessels!  The 
first  force,  the  ventricular  force  of  the  systole,  and  2d,  the  force  that  is  pro- 
duced  by  the  elastic  recoil  of  the  vessel  walls,  taking— place  between  the  sys- 
toles  of  the  ventricle?  Thpgp_jyyo  fnrcp.s  are  constantly  kept  in  regulation  by 
thp  fnrrp  of  resistance  within  the  vessels.  As  we  have  seen  in  the  branching 
of  the  arteries,  the  cross  section  area  is  constantly  increasing  toward  the 
periphery,  and  as  the  same  quantity  of  blood  is  forced  into  the  vessels  at  each 
systole,  the  expansion  of  the  large  vessels  near  the  heart  must  be  greater  than 
the  expansion  of  the  smaller  ones  toward  the  periphery.  The  recoil  following 
the  expansion  will  also  be  greater,  and  the  resistance  increases  as  the  vessels 
become  less  elastic,  that  is  as  we  approach  toward  the  periphery,  because  there 
is  less  yielding  to  the  arteries  ; they  are  more  rigid  and  solid.  This  produces 
a gradually  diminishing  wave  along  the  arterial  blood  path.  As  the  arteries 
continue  to  branch  this  wave  is  reflexed  somewhat,  the  resistance  increasing 
with  the  diminution  of  the  vessel  bore. 

The  sudden  flow  of  blood  into  the  arteries  is  also  accommodated  by  the 
short  lengthening  of  the  elastic  arteries.  At  the  bends  or  curves  in  the  elastic 
arteries,  the  blood  produces  greater  sinuosity,  producing  the  twitching  move- 
ment which  can  be  observed  more  particularly  in  connection  with  the  temporal 
arteries.  This  is  sometimes  confused  with  the  pulse.  It  is  not  the  pulse.  It 
is  what  is  sometimes  called  a secondary  pulse.  It  is  caused  from  the  rapid  turn 
in  the  blood.  This  wave  gradually  lessens  from  the  heart  to  the  capillaries, 
where  it  ceases  altogether,  the  blood  flowing  continuously  through  the  capil- 
lary circulation.  As  the  blood  circulates  in  this  way  through  the  arteries, 
there  is  transmitted  along  the  arterial  walls  an  undulatory  series  of  movements 
consisting  of  successive  expansions  and  recoils,  constituting  the  arterial  pulse. 
We  say  the  arterial  pulse,  because  later  we  will  find  a venous  pulse — that  is  in 
certain  conditions.  Some  Physiologists  say  there  is  no  venous  pulse,  that  there 
is  only  the  one.  That  is  not  physiologically  correct.  Tfie.pulse  represents  not 
the  blood  flow  in  the  vessels,  but  the  transmission  of  undulatory  movements 
along  the  arterial  walls.  These  movements  travel  at  the  rate  of  eight  to  ten 
meters  per  second,  in  the  upper  and  lower  limbs  more  rapidly,  being  about  9.4 
meters  per  second.  This  represents  about  thirty  time’s  the  rapidity  of  the  blood 
flow,  theblood  flow  not  being  more  than  half  a meter  in  the  large  arteries  per 
second,  and  very  much  less  in  the  smaller  vessels.  This  rate  of  the  pulse  can 
be  estimated  by  recording  the  movements  at  different  points  of  the  circulation, 
by  the  use  of  the  sphygmograph.  The  pulse  can  be  felt  by  the  finger  on  the 
carotid  artery,  and  later  at  the  dorsal  artery  of  the  foot.  The  movement  of  the 
pulse  or  pulse  wave  is  a progressive  one.  The  transmission  rate  from  the  heart 
to  the  capillaries  can  be  estimated  almost  exactly.  This  is  done  by  estimating 
the  time  between  the  pulse  beat  at  the  origin  of  the  aorta,  and  the  same  beat 
at  the  furthest  artery;  measuring  the  distance,  approximately,  at  least, 
between  these  points.  The  time  occupied  by  pulse  in  its  transmission  from  the 
heart  to  the  extremities  is  estimated  at  .2  or  .3  of  a second,  corresponding  with 
the  ventricular  systole.  The  pulse  feeling  is  an  artificial  diagnostic  sign  in  dis- 
eased conditions,  the  pulse  being  felt  most  generally  at  the  radial  artery  011 
account  of  its  nearness  to  the  surface  and  from  the  fact  that  it  is  supported  at 
that  point  by  a bone  foundation  so  that  it  is  quite  easily  felt. 

The  pulse  normally  is  characterized  by  regularity  and  by  rhythm.  Vari- 
ation, however,  may  arise  from  disease  or  from  some  transient  disturbance 


7 4 


arterial  system. 


causing  an  intermittent  action,  or  by  some  irregularity.  The  pulse  of  high  ten- 
sion or  an  incompressible  pulse,  exists  when  an  unusual  amount  of  force  is  nec- 
essary in  order  to  extinguish  it.  That,  of  course,  means  temporary.  A pulse 
ot  low  teusmn  or  a compressible  one  is  one  that  may  be  easily  extinguished 
The  high  tension  pulse  marks  a high  blood  pressure.  A low  tension  pulse  in- 
dicates a low  blood  pressure.  These  variations  in  pressure  depend  upon  the 
action  ot  the  heart  and  the  amount  of  perepheral  resistance  \ large  pulse 
arises  from  the  increase  of  the  arterial  calibre.  If  the  pulse  is  very  large  it  'is 
called  a bounding  pulse.  A small  pulse,  on  the  other  hand,  represents  little  if 
any  increase  in  the  calibre— the  arterial  calibre,  and  if  the  pulse  is  very  small  it 
is  called  a thready  pulse.  This  does  not  mean  largeness  or  smallness  of  the 
artery,  but  that  the  moving  arterial  pressure  is  large  or  small  as  compared  at 
least,  with  the  mean  blood  pressure.  As  the  blood  moves  along  the  arterv'the 
arterial  pressure  will  be  less  according  as  the  blood  contents  are  less,  and  like- 
v ise  the  pressure  upon  the  walls  will  be  less  when  the  walls  give  place  more 
freely  to  the  pressure.  Hence  a large  pressure  is  often  associated  with  alow 
mean  pressure,  aud  in  this  case  it  is  found,  e.  g.,  after  severe  hemorrhage — locs 
of  blood.  The  pnlse  movements,  as  we  have  said,  may  be  recorded  hy*  means 
of  the  sphygmograph.  The  best  form  of  the  sphygmograph  is  that  invented  by 
Marey.  It  consists  of  a long  lever  moving  by  a screw  working  on  a small  hor- 
izontal wheel;  from  the  axis  of  which  there  is  projected  a light  lever.  The 
screw  point  rests  on  a flat  disc  at  the  end  of  an  elastic  spring,  which  presses 
the  disc  upon  the  artery.  The  lever  arm  records  the  tracing  on  a blackened 
surface  carried  in  front  of  the  lever  point  by  means  of  a clock  work  arrange- 
ment. 


In  the  sphygmograph,  by  modern  adjustments  of  this  instrument,  the 
amount  of  pressure  on  the  disc  made  by  the  artery  can  be  closely  and  almost 
exactly  preserved  so  that  at  different  times  tracings  may  be  taken  either  with 
the  same  or  different  pressures.  The  best  instrument  is  Marey’s  sphygmo- 
graph  with  pressure  graduated  arrangement  by  Mahomed  and  Bramwell. 
Various  other  instruments  have  been  devised,  e.  g. , the  sphygmoscope,  a small 
casket  with  membranous  bottom  to  which  is  attached  an  inlet  and  outlet  tube  to 
convey  the  gas,  the  outlet  being  connected  with  a gas  burner,  the  membrane 
being  placed  over  the  pulse,  the  flame  will  show  the  pulse  beat.  By  the 
use  of  a silvered  glass  on  the  pulse  a photograph  may  be  obtained  by  the  reflec- 
tion of  the  pulse  volume  by  clockwork  on  a dial.  When  the  artery  pulsates  < i ) 
it  is  expanded  and  shortly  lengthened,  and  (2)  the  blood  pressure  rises — the 
artery  giving  rise  to  the  resistance  that  is  felt  when  the  fingerpr  esses  upon  the 
artery.  In  connection  with  the  sphymograph  tracing  we  notice:  1.  An 

ascending  line,  with  the  upstroke  or  the  stroke  of  percussion,  representing  the 
arteral  expansion  resulting  from  the  ventricular  systole.  2.  A descending  line 
representing  the  arterial  elastic  recoil  called  the  downstroke.  In  a normal 
pulse  the  expansion  and  recoil  are  successive  without  any  rest,  the  pulsations 
being  about  equal.  Variations  take  place,  however,  in  the  pulsations  accord- 
ing to  the  blood  pressure  as  it  rises  or  falls.  The  quickness  or  slowness  of  the 
pulse  is  dependent  upon  the  proportion  of  time  occupied  by  these  periods.  If 
the  time  of  arterial  expansion  diminishes,  the  pulse  is  rapid,  if  it  increases  the 
pulse  is  slow.  The  quickness  of  the  pulse  is  increased  bj^  increased  heart 
action,  a free  blood  flow,  proximity  to  the  heart  a aud  considerable  yielding  of 
the  walls  of  the  artery.  The  different  parts  represented  on  the  pulse  tracing 
are  accounted  for  as  follows:  1.  The  upstroke,  which  is  quick,  brief  and 

steady,  represents  the  ventricular  systole"  t hr -systole,  the  systolic  wave,  the 
opening  of  the  semilunar  valves  and  the  rapid  flow  of  blood  from  the  ventricle 
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into  the  aorta  and  arteries,  causing  expansion  of  the  arteries.  2.  The  dowil^. 
stroke  represents  the  blood  flow  from  the  arteries  to  the  capillaries  and  is  pro- 
ISneed.  gradual  and  vibratory.  3.  The  large  dicrotic  wave  on  the  downstrqke 
'renresenfTTSe  closure  of  the  semilunar  valves.,  4.  Following  the  upstroke  or 
svstolic  wave  during  ventricular  contraction  we  have  the  pre.-dWrollC.  or 
second  ventricular  systolic  wave  represented  in  the  curve  tracing  at  the  apex, 
c Income  tracings  where  the  pulse  is  irregular  there  are  secondary  waves  arising 
from  the  elastic  vibrations  of  the  arterial  walls.  The  vibrations  of  pressure  are 
more  or  less  constant.  Sometimes  the  vibration  becomes  so  irregular  that  it 
produces  a partial  upstroke  of  the  pulse  during  the  downstroke,  causing  a 
double  beat  during  each  ventricular  beat.  This  is  called  a dicrotic  pulse. 
The  pulse  is  always  dicrotic  normally  and  hence  the  slight  dicrotism  gives 
origin  to  the  name  dicrotic  wave.  Much  discussion  has  taken  place  as  to  the 
cause  of  this  wave. 

Much  discussion  has  taken  place  among  Physiologists,  as  to  the  origin  or 
causes  of  this  pulse  wave.  These  opinions  may  be  summarized  under  three 

heads  : _ . , 

1 . Some  Physiologists  claim  that  there  are  two  reflected  secondary  waves; 

one  originating  from  the  closure  of  the  semilunar  valves  and  another  from  the 
small  arteries  at  the  periphery  starting  backward,  as  a reflection  of  the  lhain 
pulse  way.  This  wave  is  supposed  to  be  reflected  backward  from  the  periphery 
and  travels  toward  the  heart.^reaching  a given  point  in  the  arterial  blood  path 
after  the  main  pulse  wave  has  passed  that  point  traveling  in  the  opposite  di- 
rection. If  this  is  the  case,  then,  in  the  tracing  from  the  peripheral  artetfy  the 
dicrotic  wave  should  arise  nearer  to  the  close  of  the  upstroke,  representing, 
therefore,  the  highest  point  that  is  reached  by  the  pulsation,  than  in  the  case 
of  an  artery  nearer  to  the  heart.  Measurements  have  shown  that  the  differ- 
ence  between  the  primary  and  the  secondary  waves  is  greater  in  the  smaller 
arteries  than  in  the  larger  arteries  nearer  to  the  heart.  This  would  prove  that 
the  dicrotic  wave  cannot  be  due  to  any  secondary  backward  wave  ; hence, 'this 

explanation  is  improbable.  .... 

2.  The  opinion  that  is  supported  by  most  of  the  Physiologists,  is,  that  it 

is  due  to  the  slight  fise^oT  the  arterial  pressure  arising  from  the  closure  of  the 
sigmoid  valves,  and  that  this  secondary  wave  follows  after  the  main  pulse  wave 
from  the  opening  into  the  aorta  as  a secondary  wave.  In  this  way  the  reflec- 
tion takes  place  wholly  from  the  heart,  and  it  moves  constantly  toward Mhe 
periphery,  being*  modified  in  its  course  and  giving  rise  to  vibrations.  Ihis 
would  make  the  closure,  of  the  aortic  valve  simultaneous  with  the  beginning  < r 
the  dicrotic  wave.  When  the  ventricular  contraction  takes  place,  a primary 
wave  i5  Transmitted  along  the  arteries  to  the  capillaries  where  it  is  destroyed. 
By  the  recoil  of  the  walls  of  the  aorta,  the  aortic  valves  close  ; by  the  closure 
of  tlT?i*  valves  the  secondary  wave  ^ reflected  from  the  aorta  to  the  periphery. 
It  is  this  secondary  reflected  wave  that  produces  the  dicrotic  expansion  of  the 
vessels,  marking  the  dicrotic  wave  of  the  pulse  tracing.  I he  primary  pulse 
wave  passes  gradually  along  the  arteries  from  the  heart.  Similarly  the  dicrotic 
wave  is  marked  farther  down  the  curve,  the  farther  the  artery  is  from  the 
heart.  The  wave  becomes  less  marked  as  it  travels  farther  from  the  origin— 
the  origin  in  the  aorta — hence,  the  wave  becomes  less  distinct  toward  the 
periphery.  # ( , ■ • 

The  dicrotic  wave  is  more  marked,  as  the  primary  wave  is  stronger,  both 
of  these  depending  on  the  strength  of  the  ventricular  systole.  When  the  blood 
pressure  of  the  small  arteries  becomes  less,  the  dicrotic  wave  is  greater  as  the 
wall  of  the  vessels  is  able  to  yield  more  freely.  The  more  full  an  aftery  i$  of 
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blood,  there  is  less  yielding  in  the  vessel  wall,  and  the  dicrotic  wave  becomes 
less  marked  and  more  steady.  Other  secondary  waves  may  also  arise  to  render 
irregular  the  primary  wave.  Where  there  are  three  of  these  waveslF  is  called 
tricrotic.  Where  there  are  many  of  these  waves  it  is  called  polycrotic.  If 
these  secondary  waves  appear,  only,  in  the  down  stroke,  the  curve  is  called 
katacrotic.  Sometimes,  however,  one  wave  appears  on  the  ascending  part  of 
the  main  curve,  in  which  case  it  is  called  the  anacrotic,  associated  in  some 
way  with  irregular  ventricular  action,  or  a diseased  condition  of  the  ventricle. 

3d.  Foster  explains  the  dicrotism  without  any  reference  to  the  closure  of 
the  semilunar  valves.  This  closure;,  he  says,  is  an  effect,  not  the  cause  of  the 
dicrotic  wave.  On  the  sudden  cessation  of  the  flow  of  the  blood  from  the  ven- 
tricles, a negative  pressure  is  set  up  posterior  to  the  blood,  affecting  the  calibre 
of  the  vessels  due  to  the  vessels’  elasticity,  the  result  being  that  the  vessel 
shrinks — particularly  the  vessel  wall.  This  shrinkage  becomes  too  great  on 
account  of  the  inertia  of  the  walls,  and  there  at  once  arises  a secondary  expan- 
sion, that  is,  you  have  an  excessive  shrinkage  of  the  arterial  wall,  and  when 
that  excess  shrinkage  comes  into  contact  with  the  inertia  of  the  vessel  wall, 
then  there  is  produced  this  wave.  This  is  assisted  by  the  similar  shrinkage 
and  expansion  of  the  blood.  This  gives  rise  to  a series  of  successive  waves, 
traveling  from  the  root  of  the  aorta  along  the  arterial  walls  with  gradually 
diminishing  force,  and  produces  the  dicrotic  wave.  This  dicrotic  wave,  thus 
produced,  pulls  after  it  the  blood  that  has  been,  by  reflgx  action,  drawn  back 
toward  the  heart  and  resulting  in  arterial  expansion,  and  recoil  according  to 
the  ventricular  beats 

The  sphygmograph  cannot  give  a perfect  tracing  of  the  pulse,  particularly 
the  pressure  line  of  the  pulse,  on  account  of  the  varying  quantity  of  tissue 
lying  between  the  surface  of  the  skin  and  the  arterial  wall.  On  account  of  this 
the  valve  of  the  sphygmograph  is  relative,  not  absolute.  The  normal  pulse 
rate  in  the  male  is  about  72  per  minute,  and  in  the  female  from  78  to  80. 
This,  however,  is  to  be  taken  simp’y  as  an  average,  because  in  the  healthy 
individual,  it  may  vary  all  the  way  from  50  to  100.  In  the  new  born  child  it 
varies  from  130  to  1^.0,  gradually  diminishing  till  about  the  fifteenth  year,  -when 
it  ranges  from  75  to  78.  From  sixty  years  of  age  it  tends  to  rise  gradually 
toward  80.  The  pulse  is  said,  by  some  Physiologists,  to  be  affected  by  the 
height  of  the  body,  being  quicker,  as  they  say,  in  the  short  body,  in  the  longer 
body  slower, 

The  pulse  is  affected  by  different  bodily  conditions,  such  as  active  exer- 
cise, a rise  in  the  blood  pressure,  nervousness  tending  to  raise  the  pulse.  A 
rise  of  the  temperature  will  also  quicken  the  pulse.  When  the  individual  is 
lying  down  it  is  slower  and  when  standing  or  walking  it  becomes  faster.  In 
the  morning  after  rising  it  is  slower,  gradually  rising  tomidda}q  after  which  it 
‘decreases  unless  it  is  raised  by  active  exercise  or  some  other  exciting  cause. 
Toward  evening  it  becomes  slower,  gradually  becoming  slower  during  sleep 
until  about  midnight,  and  after  midnight  it  gradually  becomes  faster.  The 
pulse  beat  affects  more  or  less  the  entire  bodily  system,  causing  oscilations  of 
the  body  which  may  be  noted  in  some  circumstances  very  distinctly.  The  pulse 
beats,  also,  visibly  affect  the  teeth,  nasal  cavity,  the  larynx,  the  tympanum  of 
the  ear,  and  the  eyes,  producing  certain  movements  in  the  internal  parts  of  the 
eye  and  of  the  brain,  especially  manifest  in  the  vibratory  movements  of  the 
membrane  at  the  junction  of  the  cranial  bones  in  the  case  of  the  child. 

I'Tllls_smaller-arteries  there  is  a considerable,  quantity- of  uus.triped  muscle 
which  may  produce  contractile  movements.  These  contractile  moyementsare  indc 
pendent  of  the  pulse  and  may  be  either  temporary  or  permanent,  but  the  ryth- 
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mical  contraction  usually  results  from  the  action  of  the  nervous  system  on  the 
blood  circulation.  This  contraction,  muscular  contraction,  affects,  more  or  less, 
the  arterial  blood  pressure,  either  assisting  or  hindering  the  blood  flow  and  nor- 
mally regulating  the  blood  supply  to  the  capillaries  under  the  control  of  the 
arteries.  These  contractions  in  the  different  arteries  supply  the  capillaries  with 
a constant  flow  of  blood,  setting  up  what  are  called,  a series  of  local  circula- 
tions which  balance  each  other,  producing  the  natural  blood  flow  to  the  differ- 
ent capillar}7  regions. 

In  this  way  the  circulation  of  the  blood  is  maintained  uniform,  in  the 
minute  vessels  of  the  brain,  the  minute  vessels  of  the  abdomen,  of  the  liver  and 
of  the  spleen,  and  especially  the  correlated  circulation  being  regulated  in  such  a 
way  as  to  preserve  a balace  between  the  liver  and  spleen,  the  abdomen  and  lower 
parts  of  the  body,  the  brain  and  thyroid  glands.  They  are  regulated  so  as 
preserve  equilibrium.  If  the  stethescope  is  placed  over  a large  artery  a sound 
may  be  heard;  this  sound  being  produced  by  the  flow  of  the  blood  through  the 
vessel  under  compression  by  the  force  of  the  stethescope.  When  the  flow  of 
blood  passes  beyond  this  pressure,  the  rapidity  of  the  blood  flow  causes  oscila- 
tions.  These  sounds  are  not  produced  by  the  oscilation  of  the  arterial  walls, 
although  the  elasticity  of  the  arterial  walls  assisted  by  lessened  peripheral  resist- 
ance, aids  the  blood  current,  the  blood  passing  away  very  freely  and  rapidly. 


SECTION  XI.  Capillary  Circulation. 

The  capillary  circulation  may  be  easily  studied  in  connection  with  the 
frog’s  foot,  the  lung  of  the  frog  and  any  other  of  the  organs  in  which  fine 
capillaries  are  found.  Each  capillary  of  this  minute  network  extending 
through  the  body  constitutes  a tube,  the  diameter  of  the  finest  of  these  tubes 
being  from  .005  to  .020  part  of  a millimeter  and  extending  in  length  from  1 to 
5 mm.  The  number  of  these  small  capillaries  depends  upon  the  activity  of  the 
tissue,  being  more  numerous  in  the  active  organs  and  active  tissues.  These 
minute  vessels  anastomose,  forming  network  that  vary  in  the  different  parts  of 
the  body.  The  circulation  in  the  capillaries,  small  arteries  and  veins  is  con- 
tinuous, there  being  normally  no  pulse,  the  intermittency  of  action  arising  in 
in  the  larger  vessels  on  account  of  ventricular  beat  being  overcome  before  the 
blood  reaches  the  minute  vessels.  The  walls  of  the  minute  vessels  are  very 
delicate,  the  calibre  of  the  vessels  varying  so  that  in  the  lungs  and  among  the 
muscle  and  nervous  tissues  where  the  blood  performs  its  most  important  func- 
tions, the  blood  is  collected  in  very  minute  vessels,  moving  slowly  and  over  a 
\ ery  large  surface.  The  capillary  walls  are  composed  of  a very  fine  layer  of 
endothelial  cells  margih  to  margin  closely  joined  together  by  cement  matter, 
these  defecate  cellular  walls  become  thicker  we  approach  toward  the  small  veins 

nhiiL  -eSj,  1 “a  CCll!'lar  Chara,Cter  of  the  wall  is  of  great  importance 
P 3siologicall}  m the  interchanges  taking  place  between  the  blood  and  the  tis- 

, cmef  vital  characteristic  of  the  capillaries  lrcontractihility  upon 
which  (le pends  the  elasticity  and  distension  of  the  vessels  in  the  modification  of 
le  calibre.^  Oiy  the  application  of  stimulation  the  walls  contract,  the  power  of 
con  traction  residing  in  the  endothelial  cells  lining  these  walls.  This  contraction 
is  intimately  connected  with  the  variation  of  the  blood  supply,  the  vessels  con- 
tracting or  relaxing  according  to  the  requirements  of  the  tissues  The  exis- 
tence and  arrangement  of  these  capillaries  in  the  different  tissues  is  such  as  to 

promote  efficient  functional  activity.  If  the  tissue  or  organ  is  very  active  the 
muscles  of  the  body  of  the  capillaries  are  arranged  in  long  meshes  in  the 

are  very  C OSely1  connected  int0  a plexus;  if  the  tissue  organ  is  less 
active  the  arrangement  is  less  minute  and  extensive.  This  arrangement  is 
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always  in  harmony  with  the  structure  of  the  tissue  or  organs,  e.  g.,  in  the 
connective  tissue  they  assume  irregular  shapes,  in  the  small  cutaneous  papilla* 
they  form  little  circles.  The  capillary  circulation  is  due  to  the  heart  force 
modified  and  modulated  by  the~circulation  through  the  vessels"  Some  phvs 
ogists  consider  that  it  is  also  influenced  by  the  drawing  action  of  Jr  tissues 
through  which  the  capillaries  pass.  This  is  proved  by  the  increased  amount  oT 
blood'  attracted  to  a~ tissue' that  is  very  active,  in  order  to  sustain  its  nutrition, 
e.  g.  in  the  lactation  of  the  mammary  glands.  This  force  represents  the 
need  of  bloocl_  and  may  be  considered  as  an  active  element  along  with  the 
heart  force  iM  sustaining  the  circulation. 

In  the  capillary  circulation  there  is  no.  pulse,  the  pulse  movement  trans- 
mitted along  the  arterial  walls  being  extinguished  mainly  before  the  blood  flow 
enters  the  capillaries,  and  finally,  by  the  great  resistance,  arising  from  the 
minute  subdivision  of  the  capillaries.  In  the  case  of  great  distension  in  the 
smaller  arteries  and  veins,  there  is  a venous  pulse.  There  may  be,  also,  an 
abnormal  capillary  pulse.  This  is  produced  by  the  compression  of  the  muscles 
in  which  the  capillaries  are  situated,  as  for  example,  in  the  case  of  swellings 
due  to  inflammation  in  which  a capillary  pulse  produces  throbbing. 

The  current  of  blood  varies  in  its  rapidity,  being  more  rapid  in  the  smaller 
arteries  than  in  the  smaller  veins.  In  the  smallest  capillaries  the  current  seems 
to  be  almost  uniform,  at  least  in  the  vessels  of  the  same  size.  This,  however, 
is  subject  to  variation  even  in  the  smallest  vessels  on  account  of  the  variation  in 
the  intensity  of  the  heart  beat.  In  the  larger  capillaries  the  red  corpuscles  travel 
with  great  rapidity  along  the  center  of  the  stream.  Sometimes  two  or  three 
of  these  red  corpuscles  travel  abreast  of  each  other  while  the  white  corpuscles 
move  along  the  slower  part  of  the  stream  close  to  the  vessel  walls.  The  red 
corpuscles,  as  we  have  said,  move  along  the  central  part  of  the  stream  keeping 
separate,  normally,  from  each  other,  unless  in  the  case  of  their  passing  into 
the  smaller  capillaries,  in  which  they  move  through  the  minute  channels  in 
single  file,  squeezing  its  bending  and  elastic  substance  through  the  narrow  bore 
of  the  vessel,  afterwards  regaining  their  normal  shape.  The  colorless  corpus- 
cles move  chiefly  in  close  contact  with  one  another  and  with  the  vessel  wall, 
moving  much  slower  than  the  red  corpuscles  and  adhering  together,  and  closely 
adhering  to  the  vessel  wall  even  after  the  red  corpuscles  have  squeezed  them- 
selves past  the  white  corpuscles.  This  fact,  that  is,  their  moving  lets  rapidly 
than  the  red  corpuscles,  close  to  the  walls  is  due  to  their  lighter  specific  gravity 
— that  is,  of  the  white  corpuscles — the  more  dense  corpuscles  being  driven  out 
into  the  middle  of  the  stream,  the  red  corpuscles  being  slightly  denser  than  the 
blood  plasma,  and  the  white  corpuscles  slightly  less  dense  than  the  plasma. 
In  addition  to  the  density  of  the  blood  corpuscles  the  friction  is  always  less  at 
the  middle  of  the  stream  than  at  the  sides.  This  is  evident  from  the  fact  that 
the  white  corpuscles  along  the  sides  of  the  stream  are  clearly  separated  from 
the  red  corpuscles  in  the  middle  of  the  stream  by  a narrow  channel  of  blood 
plasma.  In  some  cases  the  white  corpuscles  in  addition  to  adhering  to  the  ves- 
sel wall,  passes  through  the  vessel  walls,  this  process  of  migration  taking  place 
between  the  minute  cells  of  the  endothelium  lining  of  the  walls.  1'he  leuco- 
cyte changes  its  shape  very  easily  and  thus,  in  its  amoeboid  movements  passes 
through  the  vessel  wall  into  the  lymph. 

This  process  may  be  seen  in  active  operation  under  the  microscope,  by  set 
ting  up  an  artificial  inflammation  in  the  mesentery  of  a frog  by  exposing  it  to  the 
air  for  some  time.  In  normal,  healthy  conditions  it  would  seem  that  there 
exists  a close  relation  between  the  vessel  walls  and  the  blood,  according  to 
which  the  adhesion  of  the  corpuscles  to  the  vessel  walls  is  regulated,  determin- 
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iug  the  normal  flow  of  the  blood  along  the  side  of  the  vessel.  WhenJnflaQiDia- 
tion  is  induced,  the  tendency  to  adhere  is  greatl}’  increased,  to  such  an — extent- 
as  sometimes  to  stop  the  blood  current,  as  the  blood  passes  through  the  vessel, 
TIii§  may  be  increased  to  such  an  extent  by  the  accumulation  of  these  white 
corpuscle's,  and  bv  the  gradual  lessening  of  the  channel  through  which  the  blood 
passes  until  stagnation  of  the  blood  is  produced,  called  stasis.  In  this  case  the 
red  and  the  white  corpuscles  become  mixed  together  in  a mass,  the  two  kinds  of 
corpuslesT  red  and  white,  passing  through  the  vessel  wall  into  the  lymph  spaces. 
In  this  case  we  have  the  condition,  that  we  mentioned  before  in  connection 
with  the  blood,  diapedesis.  In  normal  conditions  the  changes  occurring  in  the 
vessel  walls,  assist  the  migration  of  these  white  corpuscles.  The  lymph  that 
surrounds  this  area  where  the  inflammation  Is  set  up  being  profuse  with  pro- 
teid  matter.  This  woidd  seem  to  indicate  that  the  conditions  of  the  tissues  in 
which  the  vessel  wall  is  located,  promotes  the  circulation  of  the  blood,  particu- 
larly, the  circulation  of  the  white  corpuscles  in  the  blood.  The  speed  of  the 
blood  varies  from  the  wall  toward  the  center  of  the  vessel.  The  speed  of  the 
red  corpuscles  at  the  center  of  the  stream  is  more  rapid,  therefore,  than  the 
speed  of  the  white  corpuscles,  at  the  sides  being  markedly  uniform  through  the 
course  of  the  capillaries.  The  blood  pressure  within  the  capillaries  is  normally 
low,  being  liable  to  change,  on  account  of  the  elasticity  of  the  vessel  wall  caus- 
ing normal  changes  of  the  vessel  calibre.  The  lowness  of  the  blood  pressure  is 
evident  from  the  fact  that  on  cutting  the  muscle,  the  blood  trickles  from  the 
capillaries  very  slowly.  This  same  result  may  be  produced  by  compressing  the 
skin  until  the  cuticle  becomes  white  and  pallid  on  account  of  the  expulsion  of 
the  blood  out  of  the  capillaries  in  the  tissue.  This  pressure  of  the  capillaries 
has  been  estimated  by  various  Physiologists  as  ranging  from  25  to  54  mm.  In 
the  pressure  of  the  capillaries  there  is,  also,  an  element  which  arises  from  the 
character  of  the  blood.  The  resistance  to  the  flow  of  blood  seems  to  increase 
when  the  oxygen,  carried  by  the  red  corpuscles,  is  diminished.  In  this  way  the 
blood  and  tfie  vessel  walls  affect  the  pressure,  and  also  the  blood  flow;  the  one 
influence  molding  and  directing  the  other. 

SECTION  XII-  The  Venous  Circulation,. 

The  vein  walls  are  thinner,  more  expansible  and  less  elastic  than  the 
arterial  walls  As  we  said  before,  they  contain  fibrous  muscular  tissues  and  a 
little  elastic  tissue.  The  veins  freely  anastomose  so  that  that  there  is  a free  cir- 
culation of  the  blood  through  the  venous  system.  The  venous  blood  circula- 
tion is  dependent  upon,  _(  1 ) a suction  action  of  the  heart  drawing  the  blood 
away  from  the  veins  toward  the  heart,  (2)  It  depends  upon  muscular  activity, 
acting  upon  veins  in  such  a way  as  to  press  them  while  opening  the  venous 
valves  toward  the  heart  and  thus  aiding  the  blood  flow  in  the  direction  of  the 
heart.  ( It  is  aided  by  the  diminished  blood  pressure  in  the  veins  as  com- 
pared with  the  arteries  and  ( 4 ) It  is  also  aided  bv  respiratory_action.  This  respi- 
ratory action  assists~tlie  current  of  blood  in  its  flow  in  the  direction  of  the  heart. 
In  theTiase  of  the  opening  ot  a vein  the  blood  flow  is  aided  by  muscular  activ- 
ity, producing  in  the  case  of  the  vein  an  even  current  of  blood  because  of 
the  absence  of  elasticity  found  in  the  veins  as  compared  with  the  elasticity 
found  in  the  arteries  The  force  of  gravity  , also  acts  freely  upon  the  blood 
flow.  This  is  seen,  for  example,  in  the  hanging  downwards  of  the  limbs,  pro- 
ducing dilatation  of  the  veins  with  the  characteristic  swollen  appearance  of  the 
veins  and  the  bluish  color  of  the  skin.  This  may  be  restored  by  lifting  up  the 
arm.  When  thelitnbis  in  this  position  the  veins  rapidly  empty  themselves;  thus 
the  flow  of  blood  is  much  more  free  in  the  veins  than  it  is  in  the  arteries.  The 
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only,  or  at  least  flye  chief  check  in  the  case  of  the  veins  is  the  action  of 
muscles  which  drive  the  “bloodTTii  the  direction  of  the  heart:  the  valvular 
arrangement  of  the  veins  preventing  any  recurrent  blood  flow.  The  veins  are 
found  to  possess  no  valves  where  the  external  pressure  is  absent,  for  example, 
in  Itlie  brain  and  the  internal  portion  of  the  bones.  This  valvular  arrangement 
is  of  great  value  in  connection  with  the  vertical  position  of  the  body,  as  these 
valves  prevent  the  blood  from  passing  down  to  the  lower  extremities  of  the 
body,  and  also,  promoting  the  circulation  toward  the  heart.  In  addition  to  this 
the  force  of  the  blood  presses  the  valves  open  toward  the  heart,  at  the  same 
time  preventing  the  blood  from  making  its  way  backward  to  the  peripheral 
extremities  of  the  veins.  In  some  cases  we  find  the  blood  pressure  is  insufficient 
to  carry  off  the  blood  into  the  circulation,  the  veins  in  such  a case  setting  up  a 
pulsation  which  has  been  called  the  secondary  heart.  Normally,  as  we  said, 
there  .is  no  venous  pulse,  sometimes,  however,  the  pulse  wave  passes  on  through 
the  capillaries  into  the  veins. 

This  pulse,  as  seen,  for  example,  in  the  veins  of  the  neck,  is  supposed  to 
be  produced  by  some  obstacle  that  prevents  the  passage  of  the  blood  from  the 
right  auricle  to  the  right  ventricle.  The  pulse,  in  this  case,  is  uniform  in  it- 
time  with  the  systole  of  the  auricle.  During  the  right  ventricular  systole  the 
right  auriculo-ventricular  valve  closes.  Sometimes,  however,  this  valve  does 
not  close  sufficiently  and  as  a result  there  is  an  undulatory  movement  trans- 
mitted along  the  wall  of  the  superior  vena  cava  to  the  veins  of  the  neck,  in 
this  way  producing  the  pulse  of  the  venous  circulation  When  the  auricle  and 

ventricle  are  in  diastole  the  blood  passes  to  the  heart'.  This  pulse  arises  from 

the  imperfect  activity  of  the  jugular  valve  permitting  the  wave  to  pass  along 
the  jugular  vein,  causing  the  venous  pulse  of  the  neck.  On  the  other  hand, 
when  the  left  auriculo-ventricular  valve  is  weakened  in  some  way,  the  right 
auricle  becomes  engorged  with  blood,  and  as  a result  a wave  of  contraction  is 
transmitted  to  the  veins.  In  the  case  of  a tumor  within  the  veins,  there  is 
sometimes  produced  such  rigidity  as  to  destroy  elasticity  and  there  is  such  an 
expansion  of  the  capillaries  that  the  wave  which  originates  from  the  ventric- 
ular beat  is  transmitted  through  the  capillaries  to  the  veins.  In  connection 
with  the  salivary  glands  when  the  small  arteries  are  dilated  the  blood  may  flow 
through  these  into  the  veins  in  a rapid  and  a pulsating  stream,  causing  in  these 
glands  a venous  pulse.  When  the  heart  begins  to  act  feebly,  for  example,  in 
old  age,  there  may  be  or  often  is  a very  characteristic  venous  pulse,  sometimes 
called  the  old  age  pulse. 

SECTION  XIII.  Pulmonary  and  Portal  Circulation. 

In  the  pulmonary  circulation  the  venous  blood  is  returned  by  the  veins  to 
the  right  auricle,  passing  to  the  right  ventricle  on  the  contraction  of  the._aurjele, 
and  on  contraction  of  the  ventricle,  is  passed  along  the  pulmonary  artery  to 
the  lungs  in  order  to  be  cleansed.  After  having  passed  through  the  lung 
circuit  it  returns  pure  as  arterial  blood  to  the  left  auricle  through  the  pul- 
monary vein.  This  pulmonary  circulation,  although  essentially  the  same  as  the 
systemic  circulation,  differs  in  some  particulars.  1 lie  pulmonary 
circulation  is  small  in  e.^ent.-~--coBH^redffi wilil  the  systemic.  As  the 
ventricles  empty  simultaneously  and  are  of  equal  capacity,  it  is  interest- 
ing to  follow  the  circulation  in  the  lungs.  In  the  pulmonary  circula- 
tion  as  compared  with  the  systemic,  the  resistance  Is  less,  amT  therefore  in  the 
case  of  the  ventricular  contraction  there  is  less  resistance  to  he  overcome  by  the 
right  than  by  the  left  ventricle.  The  structure  of  the  heart  is  such  as  to  be 
prepared  for  this.  The  muscular  wall  of  the  left  ventricle  is  very  much 
thicker  than  that  of  the  right.  Hence  the  force  of  contraction  in  the  case  of 
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the  right  ventricle  is  very  much  less  than  that  of  the  left  ventricle.  It  is 
impossible  to  estimate  the  blood  pressure  or  the  rate  of  the  blood  flow  in  con- 
nection with  the  pulmonary  circulation,  because  the  pulmonary  circulation 
cannot  be  reached  unless  after  destroying  the  respiratory  mechanism,  and  arti- 
ficial respiration  is  not  sufficient  even  if  such  artificial  respiration  could  be  pro- 
duced to  give  a normal  pulmonary  circulation.  The  pulmonary  artery,  like 
the  right  ventricle  as  compared  with  the  aorta  and  the  left  v entricle,  has  a very 
thin  wall,  indicating  the  lessening  of  the  pressure. 

The  pulmonary  artery  conveying  the  venous,  blood  from  the  heart  is  sub- 
divided into  a number  of  branches,  the  very  minute  vessels  passing  into  the 
plexuses  of  the  capillaries  on  the  walls  of  the  air  vessels  of  the  lungs.  Aris- 
ing out  of  these  plexuses  are  the  veins  which  collect  the  blood,  pouring  it  into 
four  larger  veins,  two  for  each  lung,  carrying  it  back  by  the  pulmonary  veins  to 
the  left  auricle.  The  pressure  of  the  pulmonary  artery  is  much  less  than  That 
in  the  aorta,  the  proportion  being  estimated  about  2 to  5.  The  pulmonary  sys-. 
tern  lies  inside  the  thoracic  cavity,  although  outside  of  the  lungs,  except  in  the 
case  of  the  lung  capillaries,  hence,  when  the  lungs  are  filled  with  air  in  inspir- 
ation the  large  vessels  become  expanded  while  the  capillaries  lining  the  surface 
of  the  lungs  are  subject  to  the  same  amount  of  pressure  as  the  surface  of  the 
lungs  upon  which  the  entire  air  in  the  lungs  may  act.  In  this  way  the  capilla- 
ries and  the  pulmonary  veins  are  greatly  assisted  in  freely  circulating  the  blood, 
by  this  pressure,  whereas,  the  pulmonary  artery  is  weakened  in  its  action. 
This,  however,  is  counterbalanced  to  a large  extent  by  the  structure  of  the 
walls  of  the  arteries  as  compared  with  the  veins,  the  arteries  being  much  more 
firm  and  solid.  In  this  way  the  lung  contraction  in  connection  with  the  mus- 
cle of  respiration  materially  aids  the  process  of  circulation  in  the  pulmonary 
system,  especially  the  activity  of  the  right  ventricle.  The  lungs  expand  011 
account  of  the  internal  pressure  being  greater  than,  the  .exteruaTpressui e TiHlie 
pjeural  cavities.  If  this  expansion  is  full  in  inspiration  the  elastic  action  ex- 
e>TFdT3yTfiem  amounts  to  30  mm  of  mercury.  External  to  the  lungs  there  is, 
a pressure  in  the  thoracic  cavity  bearing  upon  the  ’surface  of  the  heart  and 
other  organs  equal  to  the  pressure  of  the  air  minus  the  elastic  force  of  the 
lungs,  themselves,  that  is,  730  mm.  The  tine  , walls  o£.  the  -veins, will  yield  to 
pressure  easily  during.jnspiration,  lessening  the  pressure,  while  the  thicker  walls 
of  the-  arteries  will  yield  less,  and  in  this  way  the  blood  flow  from  the  lung 
capillaries  to  the  heart  Is  promoted.  Expiration  will  have  an  opposite 
effect.  The  effect  of  inspiration  upon  the  pulmonary  capillaries  and  smaller 
vessels  of  the  lungs  isjo  assist  the  blood  flow  while  expiration  hinder:  it. 

This  is  due  in  inspiration  to  an  increase  of  the  calibre  of  'the  pulmonary  ves- 
sels driving  the  blood  to  the  lungs. 

The  blood  rate  of  the  pulmonary  is  greater  than  of  the  systemic  circula- 
tion. and  it  is  greater  in  the  pulmonary  veins  than  in  the  arteries.  This  is 
necessary  in  order  to  accommodate  the  same  volume  of  blood  in  the  pulmonary' 
as  in  the  systemic  circulation.  The  right  ventricle  has  sufficient  force  within 
itself  to  perform  its  work.  Tills. is  evident  from  the  fact  that  apart  from  the 
normal  chest  contractioiyTLthia.tlnnacic  cavity  be  opened,  the  heart  ran  per- 
form Us  work  without  a ny__ respiratory  action,  if  the  respiration  is  preserved' 
artificially.  The  pulmonary  circulation,  therefore,  is'  inucli  more  simp!.,  ! 
the  systemic  circulation. 

Portal  Circulation. 

In  the  portal  circulation  there  is  one  fact  that  requires  particular  notice 
the  passage  of  the  blood  through  two  capillary  circulations  in  the  abdomen  and 
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the  liver.  The  branches  of  the  abdominal  arteries  carry  the  blood  to  the  stom- 
abh;  spleen , pancreas  and  the  intestines,  these  branching  off  in  the  different 
organs  in  a series  of  capillary  plexuses.  Arising  out  of  these  plexuses  are  the 
veins  joining  together  to  form  larger  veins,  the  blood  flowing  through  two 
veins,  the  splenic  and  mesenteric,  into  the  p.or.tal  vein  ..through  which  it  is  passed 
to  the  liver,  in  which  it  is  circulated  by  means  of  minutely  branching  capillaries 
collected  into  a plexus.  Springing  out  of  these  plexuses  in  the  liver  lobules  are 
the  origins  of  the  hepatic  vein  through  which  the  blood  is  carried  from  the 
liver  to  the  heart,  by  the  inferior  vena  cava.  If  the  portal  vein  Is  tied,  all  the 

abdominal  vessels  become  expanded,  causing  congestion  of  the  abdomen,  pro- 
ducing rapid  diminution  of  blood  pressure  and  death.  Sometimes  the  ventricu- 
lar force  produces  a wave  of  contraction  which  is  transmitted  through  the 
inferior  vena  cava  and  the  liver,  producing  a liver  pulse.  In  fact  the  liver  nor- 
mally follows  the  action  of  the  heart  in  the  inverse  order  contracting  with  each 
diastole,  and  distending  with  each  systole  of  the  heart. 

SECTION  XIV.  Innervation  ofth,e  Bloocl  Vessels. 


In  the  case  of  all  the  arteries  it  is  found  that  muscular  fibers  are  part  of 
the  lining  of  the  vessel  wall  chiefly  in  the  tunica  media.  This  muscularity 
increases  in  the  smaller  arteries.  The  fibers  of  nerves  are  found  largel}  dis- 
tributed among  the  arteries,  being  collected  around  the  muscular  walls  in 
small  plexuses.  If  these  nerve  fibers  are  stimulated  they  respond  by  convey- 
ing the  impulse  along  the  muscular  wall,  producing  contraction,  resulting  in 
the  diminution  of  the  vessel  calibre.  Similarly,  the  veins  are  muscular  in  their 
walls,  although  there  is  much  greater  variation  among  the  veins.  The  nerves 
terminating  in  the  muscle  walls  of  the  veins,  also,  convey  impulses  resulting  in 
contraction  of  the  vessel.  This  constriction  and  dilatation  of  the  \ essels  is  in 
the  vessels  themselves,  under  the  control  of  the  nerve  fibers  so  that  in  all  the 
arteries  of  the  body  there  is  a nervous  influence  imparted  to  the  muscular  walls 
from  the  nerves.  These  nerves  are  called  the  vaso- motor  nerves.  The  mus- 
cularity of  the  wralls  may  be  represented  as  passing  through  three  stages,  ist. 
Contraction  of  the  muscle  constricting  the  artery.  2d.  Distension  ot  the 
muscle  dilating  the  artery.  3d.  Moderate  contraction  of  the  muscle,  111  w hicli 
case  the  artery  is  not  greatly  constricted  or  greatly  dilated.  This  latter  i> 
called  the  tonic  contraction  or  arterial  tone  representing  the  normal  condition 
of  many  arteries  for  a long  time.  This  subject  was  for  a long  time  the  vexed 
question  in  Physiology.  It  is  not  more  than  50  years  since  the  muscularity  of 
the  middle  coat  of  the  arteries  w'as  established.  Heule  first  declared  that 
“while  the  movement  of  the  blood  depends  ou  the  heart,  its  distribution 
depends  on  the  blood  vessels.’’  It  was  known  that  the  walls  of  these  vessels 
were  subject  to  contractility  and  that  the  nerves  terminated  111  these  muscular 
walls.  From  this  it  w'as  taken  as  proved  that  the  blood  vessels  were  controllec 
by  the  nerves  and  that  these  nerves  under  stimulation  influenced  the  contractil- 
ity It  w'as  discovered  that  by  dividing  the  cervical  sympathetic  or  extirpa  - 
ingthe  superior  cervical  ganglion  the  circulation  was  increased  on  the  sanie 

side  and  the  temperature  raised.  If  the  sympathetic  is  cut  in  the  neck  there 
is  dilatation  of  the  vessels  and  a rise  in  the  temperature  If  the  cephahc  part  of 
the  nerve  cut,  be  stimulated,  it  is  found  that  the  dilated  vessels  of  t!  e face : soon 
begin  to  contract  and  the  temperature  falls,  this  contraction  gradua  > 
inland  soon  passing  away.  On  the  withdrawal  of  the  stimulus,  the  jewels 
again  dilate.  Therefore,  it  is  concluded  that  there  are  nerve  fibers  in  the  sym- 
pathetic which  influence  the  contractility  of  the  vessels  by  constnctio  . 

The  spinal  cord  is  found  to  originate  certain  fibres  that  produce  t 
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result.  The  submaxillary  gland  is  well  supplied  with  blood  vessels,  being 
supplied  with  nerves  from  the  cervical  sympathetic  and  from  the  chorda  tympani, 
arising  from  the  seventh  cranial  nerve  and  joining  the  lingual  branch  of  the  5th 
nerve.  After  laying  bare  the  submaxillary  gland  isolating  the  nerves  into  the 
gland,  the  vein  was  opened  and  the  blood  was  found  to  be  dark.  The  sympa- 
thetic branch  was  ligated  after  which  the  dark  blood  became  as  bright  as  scar- 
let. Stimulation  was  then  applied  to  the  nerve,  between  the  gland  and  liga- 
ture, causing  the  blood  to  become  dark  again.  Then  the  chorda  tympani  was 
ligatured  and  the  end  in  connection  with  the  gland  stimulated,  the  blood  flow- 
intermittently  from  the  vein  of  a bright  scarlet  color.  • In  the  chorda  tympania 
there  must  be,  therefore,  vaso-motor  fibres  producing  the  very  opposite  result 
from  that  noticed  in  the  case  of  the  stimulation  of  the  cervical  sympathetic; 
hence  we  come  to  the  conclusion  that  there  is  a two- fold  influence  exercised 
upon  the  vessels  as  to  size  and  quantity  of  blood  in  these  vessels  by  the  nerve 
fibres.  Certain  nerve  fibres  producing  constriction  of  the  vessels,  vaso-con- 
strictor  nerves  and  certain  nerve  fibres  producing  dilatation  of  the  vessels,  vaso- 
dilator nerves  In  connection  with  the  veins,  the  vaso  motor  influences  are  also 
apparent.  If  the  aorta  is  subjected  to  pressure  under  the  left  subclavian  artery, 
the  portal  vein  ceases  to  receive  blood  from  the  intestinal  arteries  and  still 
continues  to  hold  a quantity  of  blood.  If  the  splanchnic  nerve  is  divided  and 
the  peripheral  end  stimulated,  the  portal  vein  contracts  and  drives  out  the 
blood  into  the  capillaries  of  the  liver.  If  the  crural  artery  is  ligatured  and  the 
sciatic  nerve  be  divided,  the  application  of  stiniuTation  to  the  peripheral  end 
of  the  cut  nerve  produces  contraction  of  the  veins  in  the  limbs;  the  contraction, 
ff  the  stimulation  is  continued,  entirely  contracting  the  vessel  so  as  to  destroy 
its  bore.  Afterwards,  withdrawing,  stimulation  the  contraction  disappears. 
The  same  principle  is  applied  to  the  veins  as  to  the  arteries  in  connection  with 
the  vaso-motor  nerves  Nearly  all  the  nerves  of  the  body  in  this  way  are 
brought  into  play  to  influence  in  some  way  a part  of  the  vascular  area,  the 
influence  being  either  constrictor  or  dilator. 

1.  Vaso-Motor  Fibers — There  are  two  kinds  of  vaso-motor  fibers,  the  vaso- 
dilator and  the  vaso- constrictor.  These  fibers  originate  in  the  central  nervous 
system,  the  brain  or  th’e  spinal  cord.  So  far  as  the  human  subject  is  con- 
cerned, the  vaso-constrictor  fibers  arise  in  the  middle  region  of  the  spinal  cord, 
or  separate  from  the  cerebro- spinal  system  by  fibers  which  arise  in  this 
region.  All  the  vaso  constrictor  fibers  seem  to  leave  the  spinal  cord  from  the 
anterior  roots  of  the  spinal  nerves,  and  after  going  through  the  branches 
of  the  viscera  join  the  abdominal  thoracic  chains  of  the  sympathetic  ganglia. 
On  entering  these  ganglia  from  the  anterior  roots  and  the  visceral  branches, 
they  are  medullated.  After  leaving  these  sympathetic  ganglia,  and  before 
entering  the  blood  vessels  they  become  non-medullated,  losing  their  medullated 
character  in  the  ganglia.  In  the  case  of  the  vaso  dilator  fibers,  some  of  them 
run  along  side  by  side  with  the  vaso-con strie to r fibers  ; others,  however,  run 
in  an  independent  course.  In  the  case  of  the  nerves  of  the  cranial  and  sacral 
regions  where  no  vaso-constrictor  fibers  are  found,  the  vaso  dilator  fibers  have 
been  very  distinctly  followed.  The  dilator  fibers  for  the  submaxillary  gland 
can  be  followed  in  the  chorda  tympani  to  the  7th  nerve.  Along  the  lingual 
nerve  there  are,  also,  dilator  fibers  to  the  tongue,  as  the  application  of  stim- 
ulation to  the  lingual  nerves  produces  dilatation  of  the  blood  vessels  in  the 
tongue.  The  eye  and  the  nose  receive  dilator  fibers  from  the  trigeimnal,  and 
parotid  gland  from  the  ramus  tympanicus  of  the  gl^sso-pharyngeal  nerve. 

In  the  limb  nerves  the  dilator  fibers  are  less  easily  detected 
because  of  their  junction  with  the  vaso-constrictor  fibers;  although  it  is 
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thought  bv  some  Physiologists  that  the  dilator  fibers  pass.,  directly  Jffirougjj  the 
anterior  spinal  roots.  In  line  with  this  idea  it  is  stated  by  these  Physiologists 
that  the  vaso-dilator  fibers  arise  from  all  portions  of  the  spinal  cord  as  well  as 
the  medulla  while  the  vaso- constrictor  arise  from  a special  portion  of  the  cord 
passing  indirectly  through  the  splanchnic  ganglia  on  their  circuit  to  the  differ- 
ent blood  vessels,  in  connection  with  the  body.  The  vaso-dilator  fibers,  also, 
differ  from  the  vaso-constrietor  fibers  in  retaining  their  medullated  character 
until  they  are  close  to  their  terminal  connection  with  the  blood  vessels.  The 
vaso-constrictor  fibers,  at  least,  in  the  sympathetic,  splanchnic  and  cutaneous 
nerves  are  constantly  active,  imparting  a tonic  constriction  to  the  vessels,  the 
division  of  these  constrictor  fibers  resulting  in  the  loss  of  arterial  tone.  The 
dilator  fibers,  on  the  other  hand,  are  not  in  constant  operation.  The  section  of 
these  fibers  dees  not  produce  any  permanent  effect,  but  simply  a temporary 
dilatation,  in  all  probability,  due.  to  the  irritation  of  the  nerves  by  cutting 
rather  than  due  to  stimulation.  These  differences  are  most  interesting  from 
the  fact  that  these  two  fibers  a're  bound  up  in  the  same  nerve,  at  least,  as  we 
said  before,  in  a great  number  of  cases  these  two  fibers  are  bound  up  in  the 
same  nerve.  It  is  only  by  these  differences  between  the  constrictor  and  dilator 
fibers  that  the  fibers  can  be  detected  separately,  otherwise,  the  action  of  the  one 
fiber,  might  and  would  counteract  the  action  of  the  other  fiber.  It  seems  to  be 
more  difficult  to  irritate  the  constrictor  than  the  dilator  fibers.  If  the  con- 
strictor and  dilator  fibers  are  stimulated  at  the  same  time  and  with  an  equal 
amount  of  stimulation  in  the  submaxillary  nerves  the  constrictor  action 
prevails  where  as,  after  stimulation  is  withdrawn,  dilatation  will  result. 

The  effect  of  heat  and  of  cold  upon  the  fibers  is  greater  in  the  constrictor 
than  in  the  dilator  fibers,  the  heat  increasing,  and  the  cold  diminishing  the 
effect  of  contraction  or  of  dilatation.  A single  induction  shock  affects  slightly 
the  constrictors,  and  very  appreciably  the  dilator  fibers,  continuous  shocks,  on 
the  other  hand,  affect  the  constrictor  fibers  very  strongly;  in  some  cases  pro- 
ducing tetanus.  If  the  two  fibers  are  cut — the  vaso  dilator  and  the  vaso-con- 
strictor— away  from  their  central  origin,  degeneration  will  set  in  more  rapidly 
in  the  constrictor  fibers  than  in  the  dilator  fibers. 

This  vaso  dilator  action  is  most  intimately  connected  with  the  blood  circu- 
lation. As  we  have  seen,  before,  the  blood  current  in  the  system  is  regulated 
almost  wholly  by  the  tonic  condition  of  the  arteries.  Normally,  these  minute 
arteries  are  in  a tonic  state  of  contraction,  producing  largely,  the  peripheral 
resistance,  which  is  so  important  in  connection  with  blood  pressure,  and  also, 
with  the  blood  flow.  In  addition  to  this  geueral  effect  upon  the  circulation  as 
a whole,  we  find  also,  that  the  circulation  is  affected  in  a separate  local  area, 
that  is.  vaso-motor  changes,  have  both  a general  and  a local  influence  upon  the  cir- 
culation. Arterial  constriction  in  a local  area  results  in  lessening  the  flow  of 
the  blood  through  certain  arteries,  increasing  the  general  arterial  pressure,  and 
causing  the  blood  to  flow  more  freely  through  the  arterial  channels;  on  the 
other  hand,  arterial  dilatation  results  in  increased  blood  flow  through  certain 
arteries,  in  lessening  the  general  blood  pressure,  and  in  producing  a lessened 
amount  of  blood  in  the  other  arteries.  These  effects  vary  as  the  local  area 
affected  by  constriction  or  dilatation,  is  larger  or  smaller.  In  this  way  the  cen- 
tral nervous  system  utilizes  these  vaso  motor  changes  in  order  to  govern  the 
blood  supply  in  the  different  parts  of  the  body,  influencing  the  blood  supply, 
either  in  a general  way,  or  in  a particular  way  in  a certain  area,  or  part  of  the 
body. 

2.  Vaso -motor  Centers. — These  vaso  motor  nerves,  that  we  have  spoken 
about,  the  constrictor  and  the  dilator  fibers,  branch  out,  as  we  have  seen,  from 
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the  sympathetic  ganglia,  these  ganglia  being  subject  to  the  influences  of  the 
spinal  cord,  whose  ganglia,  lying  at  different  levels  in  the  spinal  cord,  are  under 
the  control  of  the  medullary  centers.  There  are  thus  found  to  be  three  centers 
of  vaso-motor  influences.  1st.  The*great  center,  commonly  called  the  vaso- 
motor center  in  the  medulla,  communicating  by  the  intracranial  and  the  intra- 
spinal  nerves,  with  the  second  center,  namely,  the  ganglia  in  the  cer^hro 
spinal  axis,  these  ganglia  representing  the  2nd  center  communicating  with  the 
.jd  center-  namely,  sympathetic  ganglia  by  the  spinal  and  the  cranial  nerves; 
these  sympathetic  ganglia  sending  out ’branches  ’ to  the  muscular  walls  of  the 
vessels. 

(a)  The  vaso-constrictor  fibers  have  been  found  to  arise  from  the  middle  por- 
tion of  the  spinal  cord,  passing  into  the  sympathetic  ganglia  chain  from  which 
they  pass  by  their  branches  to  the  superficial  tissues  of  the  body,  the  alimentary 
canal,  the  glands  and  their  different  appendages.  If  the  spinal  cord  is  divided 
in  the  lower  dorsal  region,  and  later  in  the  upper  dorsal  region,  noticeable 
effects  are  found  to  follow,  for  example  after  the  division  of  the  lower  dorsal 
region  the  tonic  influence  is  cut  off  from  the  lower  extremities,  causing  the 
dilatation  of  the  blood  vessels,  at  the  same  time  diminishing  the  peripheral 
resistance  which  is  followed  by  a fall  in  the  blood  pressure.  After  the  division 
of  the  upper  dorsal  region,  the  vessels  of  the  abdomen,  of  the  head  and  of  the 
face  become  dilated  and  the  blood  pressure  falls  very  markedly.  This  indicates 
that  the  tonic  influences  which  affect  the  skin,  the  viscera  and  the  lower 
extremities,  emanates  from  some  part  of  the  central  nervous  system,  above  the 
upper  dorsal  portion  of  the  spinal  cord.  The  same  results  will  be  fotuod  to  fol- 
low the  division  of  the  spinal  cord  close  to  the  lower  part  of  the  medulla.  If 
the  cut  fibers  in  any  of  these  cases  be  stimulated,  dilatation  will  give  place  to 
constriction.  Hence  the  distension  of  the  vessels  of  the  trunk  and  limbs  must 
have  been  caused  by  the  interruption  of  vaso  motor  influences,  the  cutting  off 
of  these  vaso-motor  influences  by  the  section,  or  the  division  of  the  spinal  cord. 
If  the  whole  of  the  brain  be  removed  down  to  the  upper  parts  of  the  medulla 
no  distension  and  no  fall  in  the  blood  pressure  follows,  or  at  least  the  fall  is  very 
slight.  From  these  experiments  it  is  concluded  that  there  must  he  a yp<n— 
giotor  center  in  the  medulla  oblongata  located  on  the  floor  of  the  4th  ventricleT 
somewhere  in  the  regional  area  ot  the  calamus  scriptorlus  and  the — corpora' 
quadrigemina.  Some  experimenters  have  divided  the  bulb  into  sections,  trans- 
verse sections,  thus  attempting  to  locate  the  center  in  a region  at  the  lower 
border  of  the  corpora  quadrigemina  lying  in  a bilateral  position  on  both  sides  of 
the  median  line,  said  by  some  Physiologists,  to  correspond  with  the  anterior 
nucleus  of  Clark,  (b)  There  are  also  spinal  centers  in  the  spinal  cord. 
Some  experiments  for  example,  in  connection  with  the  dog  have  shown  11s  that 
by  dividing  the  cord  at  the  point  of  the  junction  between  the  dorsal  and  the 
lumbar  portions  of  the  spinal  cord,  thus  dividing  the  animal  body  into  two  parts 
so  as  to  sever  the  lumbar  region  from  cerebral  influence,  these'  experimenters 
ha\  e found  that  the  lower  extremities  of  the  body  of  the  dog  are  warmer  than 
the  upper  extremities,  and  the  arteries  of  the  lower  . extremities  are  more 
active  than  the  arteries  in  the  upper  extremities. 

This  change  in  the  blood  must  be  due  to  the  removal  of  the  vaso-constric- 
tor influences  of  the  great  vaso-motor  center  in  the  medulla.  From  this  it  is 
concluded  that  vaso  motor  centers  must  be  found  in  the  spinal  cord  Reflex 
action  takes  placx-  in  connection  with  these  centers.  After  the  section  of  the 
spinal  cord  the^d  vertebra,  if  the  central  end  of  the  brachial  nerves  be  stim- 
ulated. the  vessels  of  the  front  limb  are  dilated.  If  the  sciatic  nerve  be  divided 
and  then  the  central  end  be  stimulated,  the  blood  pressure  will  rise  This  rise  in 
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the  blood  pressure  arises  from  constriction.  If  the  sensory  nerves  in  any  limb 
be  stimulated  after  the  section  of  the  spinal  cord  in  the  middle  thoracic  region 
then  the  vessels  in  the  other  limb  will  be  constricted  reflexly,  indicating  that 
reflex  action  takes  place  through  these  spinal  centers;  that  are  found  in  the 
spinal  cord,  (c.)  In  addition  to  these  two  centers  we  have  also  sympathetic 
centers.  It  is  said  by  some  Physiologists  that  even  aftei  the  extirpation  of  the 
medullary  centers  and  of  the  spinal  centers  there  is  still  left  a certain  tonicity 
in  the  vascular  mechanism.  The  lower  part  of  the  spinal  cord  has  been  com- 
pletely removed.  For  some  time  after  the  removal,  the  lower  extremities 
remain  dilated,  on  account  of  the  dilatation  of  the  blood  vessels,  after 
distention  of  the  blood  vessels  passes  away,  the  limbs  return  to  their  normal 
condition,  assuming  tonic  constriction  altogether  independent  of  the  spinal  cord. 
This  proves  that  in  connection  with  the  sympathetic  ganglia,  there  are  centers. 
These  centers  are  also  the  seat  of  reflex  action,  acting  as  the  seat  of  other__ 
motor  reflexes.  If  one  of  the  branches  of  the  annulus  of  Vieussensbe  divided  and 
if  the  end  still  connected  with  the  first  thoracic  ganglion  be  stimulated,  after 
separating  the  branches  connecting  the  ganglion  with  the  spinal  cord,  contrac- 
tion is  apparent  in  the  blood  vessels  of  the  ears  and  nose  and  submaxillary  gland. 
This  would  seem  to  indicate  that  these  sympathetic. centers  as  well  as  the 
spinal  centers  not  simply  subsidiary  centers^  but  in — a sense  independent — 

centers of  vaso-motor  action.  Ill  connection  with  snme.blnnd  ves.se.ls — certain 

rhythmical  contractions  are  noticeable,  these  being  entirely  independent  of  the 
npnirgl  nprynns  system.  These  are  said  to  be  seen  m the  median  artery  in  the  ear 
Qf  a white  rabbit  and  are  said  to  originate  in  the  emission  of  impulses  from  the 
vaso-motor  centres.  If  the  Thoracic  cavity  be  opened  and  the  vagi  divided,  cer- 
tain vibratory  movements  are  noticed  in  connection  with  the  bipod  pressure 
tracing.  These  vibrations  are  complicated  and  are  probably  due  to  variation  in 
the  respiratory  center  acting  upon  the  vaso-motor  centers  through  a process  of 
irritation. 

There  is  a certain  relation  between  the  cerebrum  and  the  vaso-motor  cen- 
ters. By  the  application  of  stimulation  to  the  cortex  cerebri,  and  the  other 
portions  of  the  brain,  it  is  found  that  the  blood  pressure  is  raised.  This 
variation  in  the  blood  pressure  is  believed  by  some  Physiologists  to  be  the 
result  of  reflex  actions,  the  cerebral  centers  originating  impulses  that  are 
communicated  to  the  vaso-motor.  Afferent  impulses  originated  in  the  blood 
vessels  or  in  the  terminal  organs  of  the  sensory  fibers  may  excite  the  \aso 
motor  nerves  reflexly.  The  limb  of  a rabbit  was  severed  entirely  from  the 
trunk,  leaving  the  sciatic  nerve  intact.  The  peripheral  end  of  the  crural 
artery  was  subjected  to  stimulation,  that  used  in  this  case  being  the  nitiate  ot 
silver.  This  stimulation  was  followed  by  an  increase  of  blood  pressure  and 
then  after  a few  minutes  by  a fall  in  the  blood  pressure.  This  fall  in  the  blood 
pressure  being  due  to  the  stimulation  conveyed  by  afferent  ner\es  in  the  ves- 
sels and  sent  through  the  sciatic  nerve  to  the  vaso-motor  center.  Stmmlajiojl, 
therefore,  of  the  sensory  nerves,  produces  reflexly  const-iction  and  dilatation.. 
If  food  is  placedTtTthe  mouth  the  nerves  of  taste  originate  certain  influences 
producing  efferent  impulses  in  the  centers,  which  pass  out  along  the  chorda 
tympani  and  other  nerves  to  the  salivary  glands,  resulting  in  the  distension  ot 
the  blood  vessels,  increasing  the  blood  supply  in  these  glands  and  exciting 
secretion.  This  may  apply  to  the  two  sides  of  the  bodyy  as  in  the  case  ° . irn 
tation  of  the  mucous  membrane  on  the  one  side  of  the  nasal  cavity  producing  a 
distension  of  the  two  sides  of  the  head.  The  effect  in  this  case  is  more  notice- 
able on  the  side  of  stimulation.  In  the  same  way  impulses  may  be  transmitted 
along  the  vagus  or  along  any  of  the  sensory  nerves  to  the  center,  proc  tiding 
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activity  of  the  dilator  fibers  in  chorda  tympani  or  other  nerves,  resulting  in  an 
increased  blood  supply  to  the  salivary  glands.  The  musculaj-blood-vessels,  that 
is,  the  bl  ood  vessels  that  are  deeply  imbedded  in  the  muscles,  seam  to  . be__djg- 
tended  by  vaso-motor  influences  : the  dilator  fibers  being  aroused  to  activity  by 
.thp  iflipplspq  that  are  conveyed  along  the  motor  nerves  from  the  center  in  the 
spinal  cord.  This  process,  however,  is  complicated  by  the  fact  that  when  an 
afferent  nerve  is  stimulated  it  will  sometimes  produce  reflex  dilatation  and 
sometimes  reflex  constriction.  This  has  been  explained  by  different  Physiolo- 
gists in  different  ways.  Some  Physiologists  think  that  it  is  due  to  variations 
taking  place  in  the  center,  or  centers,  the  result  being  dependent  upon  the  con- 
dition of  the  center  and  also  upon  the  time  when  the  stimulation  is  communi- 
cated to  the  center,  varying  conditions  of  the  center,  therefore,  producing 
varying  results. 

Other  Physiologists,  in  more  recent  times,  explain  this  fact  more  satisfac- 
torily in  connection  with  the  pressor  and  the  depressor  fibers.  The  depressor 
fibers,  as  we  saw,  are,  dilator  fibers,  whereas  the  pressor  fibers  are  constrictor 
n'p'rvps.  We  have  already  discussed  the  cardiac  depressor  which  connects  the 
heart  with  the  center — the  medulla  producing  on  stimulation  dilatation  of  the 
splanchnic,  and  other  blood  vessels,  and  a consequent  fall  in  the  blood  pressure. 
It  has  been  found  that  if  a portion  of  the  sciatic  nerve  is  cooled  by  the  applica- 
tion, for  example,  of  ice,  then  by  the  application  of  a stimulation  to  the  central 
end  of  this  sciatic  nerve,  there  is  a fall  in  the  blood  pressure.  If  the  sciatic 
nerve  is  divided,  and  before  the  regeneration  of  the  nerve  is  completed,  if  stim- 
ulation is  applied,  there  is  dilatation  produced,  whereas,  if  the  regeneration  is 
completed,  constriction  follows,  indicating  the  existence  in  the  sciatic  nerve  of 
two  kinds  of  jibers,  the  dilator  and  the  constrictor  fibers  the  depressor  and  the 
jirp.ssnr  ti hers-  If  an  animal  is  subjected  to  chloroform  or  ether,  and  the  cen- 
tral end  of  the  divided  sciatic  nerve  be  stimulated,  the  blood  pressure  rises 
without  any  corresponding  increase  in  the  action  of  the  heart.  After  some 
time  a fall  in  the  blood  pressure  takes  place,  in  some  cases,  even  while  the 
stimulation  continues.  Pressor  fibers  have  been  found  in  the  laryngeal  nerves, 
the  trigenival  nerve  and  the  cervical  sympathetic.  This  rise  of  pressure  results 
from  the  constriction  of  the  arteries  in  the  abdominal  region.  It  has  been 
found  that  if  the  animal  is  placed  under  the  influence  of  chloral,  instead  of 
chloroform,  ethe^or  curare,  a fall  in  the  blood  pressure  takes  place  instead  of 
the  rise.  This  seems  to  indicate  that  the  result  depends  upon  the  center  rather 
than  entirely  upon  the  nerve  fibers;  whether  tne  action  is  accelerator  or  inhibi- 
tory. Thus  the  depressor  nerve  acts  as  an  inhibitory,  and  the  pressor  nerve  as 
an  accelerator  nerve  fiber,  in  connection  with  the  blood  vessels  conveying  the 
afferent  impulses  of  inhibition  or  acceleration  to  the  center. 

As  we  have  seen,  there  are  twro  kinds  of  vaso  motor  fibers,  the  vaso-con- 
strictor  producing  contraction  of  the  vessels,  and  th^  vaso-dilator  producing 
dilatation  of  the  vessel.  The  question  is  asked  in  Physiology,  ‘ 'How  does  this 
action  take  place?”  The  only  answer  that  Physiologists  can  gi^*e  to  this  ques- 
tion would  seem  to  be,  that  the  fibers  do  not.  act  directly  upon  the  muscular 
walls  of  the  vessels,  and  it  is  probable  that  the  action  takes  place  by  an  inhibi- 
tory action.  In  the  vessel  walls  we  find  large  numbers  of  ganglia.  Out  of 
these  ganglia  there  pass  nerve  branches  into  the  muscular  walls.  These  local 
centers  act,  therefore,  under  the  influence  of  the,  accelerator  fibers  and  the 
inhibitory  fibers. 

Gaskell,  ou  the  other  hand,  thinks  that  these  fibers  exert  a trophic  influ- 
ence, the  constrictor,  fibers,  influencing  Xatabolism  .and  the  dilator  fibers  influ- 
encing the  qnaholism  nf  the  blood  vessels.  Blushing  is  a result,  of  vaso-motor 
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jic rion * certain  emotions  originate  impulses  in  tlie  brain  which  powerfully 
inhibit  the  vaso-motor  center,  governing  the  vascular  region  of  the  head  gov- 
erned by  the  cervical  sympathetic.  The  relaxation  of  the  muscular  walls  of 
the  vessels  results,  the^arteries  being  distended  and  suffusion  taking  place. 
Sometimes  pallor — the  paleness  of  the  skin,  is  also  produced  in  the  reverse  way, 
that  is,  pallor  is  sometimes  also  the  result  of  vaso-motor  action.  It  results 
from  the  constriction  of  the  arteries  through  the  cervical  sympathetic  and  the 
vaso  motor  center.  The  blood  pressure  is  also  influenced  by  respiratory  action. 
Inspiration  takes  away  the  pressure  from  the  external  surface  of  tlie~vessels 
allowing  the  large  veins  and  arteries  to  expand;  as'the  veins  are  more  expan- 
sible during  inspiration,  the  blood  tends  to  collect  inlhese  large  veins  next  the 
heart,  causing,  therefore,  a fall  of  blood  pressure  in  the  aorta.  In  expiration, 
on  the  other  hand,  the  reverse  of  this  process  fakes  place,  the  blood  pressure 
being  increased  at  the  aorta.  This,  however,  is  not  strictly  scientific,  because, 
•during  inspiration  there  are  two  moments  or  stages.  During  the  first  stage 
the  blood  pressure  falls.  During  the  second  stage  the  blood  pressure  rises. 
This  is  due  in  part,  at  leaft,  to  vaso-motor  action.  During  the  second  part,  of 
inspiration  certain  influences  are  sent  from  the  center,  causing  the  contraction 
of  the  small  vessels  and  producing  a rise  in  the  blood  pressure  in  the  arteries. 
During  the  ist  part  of  inspiration  the  cardio-inhibitory  center  acts,  and  the  heart, 
as  a result,  beats  more  slowly.  Thus,  the  vaso-motor  influence,  acts  upon  the 
Tlood  vessel  in  connection  with  respiration,  Some  attempts  have  been  made  to 
specify  and  localize  all  the  nerves  in  connection  with  the  different  regions  of 
the  body.  This,  however,  is  topographic  rather  than  physiological  and  there- 
fore, belongs  to  the  field,  not  of  Physiology,  but  of  Anatomy. 

SECTION  XV— III-  Branch  of  the  Circulation.  General  Circulation, 
Its  Mechanism,  Including  the  Circulation  of  the  Bloocl  and  the 

Circulation  of  the  Lymph- 

Pressure: — We  have  studied  specially  the  organs  of  circulation  and  their 
Physiological  bearing.  There  are  still  some  points  left  that  belong  to  circula- 
tion, not  specially,  but  in  general.  The  circulatory  system,  as  we  have  said, 
may  be  ideally  considered  as  a tubular  arrangement.  If  the  blood  is  regularly 
distributed  uuder  the  same  pressure,  there  will  be  an  equilibrum  in  the  circula- 
tion, and  circulation  would  be  impossible.  When  the  pressure  varies  at  any 
point,  as  in  the  case  of  the  ventricular  contraction  the  blood  will  be  thrown  out 
of  that  place  with  greater  pressure  to  the  part  in  the  circulation  with  the  lower 
pressure,  and  hence  the  circulation  will  be  normally  promoted. 

If  the  heart  action,  on  the  other  hand,  is  arrested,  then  the  pressure  is 
diminished.  This  diminution  takes  place  gradually  until  the  blood  ceases 
altogether  to  circulate.  Thus,  beginning  with  the  heart  in  its  opening  into  the 
aorta,  we  have  the  point  of  the  greatest  pressure,  the  pressure  gradually  diminish- 
ing along  the  arterial  system,  the  capillary  system  and  the  venous  system  until  we 
come  back  again  to  the  heart.  Consequently  the  blood  flow  is  from  the  heart 
through  the  arteries,  capillaries  and  veins  to  the  heart  again.  Each  heart  beat 
ejects  as  much  blood  into  the  arteries  as  returns  into  the  heart  from  the  veins 
and  as  the  opening  into  the  heart  from  the  veins  are  more  subject  to  dilatation 
than  the  openings  of  the  arteries,  the  pressure  in  the  arteries  increases. 

Artificial  arrangements  have  been  made  by  some  Physiologists,  as  Weber 
and  Hering,  called  the  schema  of  circulation,  consisting;  of  a main  pump  repre- 
senting the  heartwith  tubular  attachments  to  represent 'the  arteries  and  veins. 
It  can  be  easilyshown  in  this  way  that  if  the  pressure  ih  the  arteries  and  veins 
is  equal,  there  can  be  no  circulation, and  also  it  has  been  proved  that  by  increasing 
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the  arterial  pressure,  the  circulation  is  efficiently  promoted  through  the  whole 
circuit  ot  the  tube,  ihus  the  circulation  of  the  blood  as  a whole  depends  upon 
two  facts,  i.  The  strength  and  rhythm  of  the  heart  heat.  2.  The  resistance 
that  is  set  up  in  the  capillaries  which  we  have  called  peripheral  resistance.  This 
peripheral  resistance  increases  the  arterial  blood  pressure,  and  thus,  as  you  notice, 
from  the  increase  of  the  arterial  blood  pressure  there  is  a new  force  added  onto 
the  force  in  the  heart,  driving  the  blood  out  of  the  arteries  toward  the  capillar- 
ies into  the  veins,  thus  promoting  the  circulacion  of  the  blood  out  of  the 
arteries  toward  the  capillaries  into  the  veins,  thus  promoting  the  circulation  of 
the  blood.  The  main  force  in  the  circulation  is  the  heart.  Under  this  in- 
fluence the  blood  circulates  through  the  vessels,  exerting  a constant  influ- 
ence in  the  form  of  pressure  at  every  point  along  the  line  of  circulation  this 
pressure  varying  at  the  different  points,  being  high  in  the  arteries,  greatly 
■diminished  toward  the  capillaries  and  being  low  when  it  reaches  the  veins  the 
blood  flowing  continuously  from  the  high  pressure  to  the  low  pressure  through 
the  capillaries  which  represent  medium  pressure. 

, ^ an  artery,  e.  g. , the  carotid  is  ligatured  in  two  places  so  as  to  leave  an 

isolated  portion,  that  isolated  part  can  be  divided,  and  a long  canula  open  at 
the  two  ends  can  be  fixed  into  the  proximal  end  of  the  artery.  If  the  ligature 
be  removed  and  the  canula  be  held  upright  the  blood  will  rise  to  a certain 
height  and  remain  there.  If  a vein,  e.  g.,  the  jugular,  be  ligatured  and  then 
divided,  and  a tube  be  inserted  in  the  distal  portion,  on  removing  the  ligature 
the  blood  will  rise  in  the  tube  but  only  a short  height.  This  has  been  estima- 
ted in  the  case  of  the  dog  as  varying  from  155  centimeters  in  the  aorta  to  18 
centimeters  in  the  veins  of  the  head,  representing  a variation  in  pressure  of  8 
or  9 : 1 in  the  case  of  the  arteries  and  veins.  In  connection  with  this  rough 
experiment  we  notice  that  the  arterial  blood  is  constantly  moving  up  and  down 
the  variation  representing  1 or  2 centimeters,  corresponding  almost  identically 
with  the  frequency  of  the  breathing,  whereas  the  smaller  variations  in  the  sur- 
face correspond  with  the  heart-beat.  On  the  other  hand  the  venous  blood  is 
almost  perfectly  still  and  steady.  From  this  we  conclude  that  the  arterial 
pressure  varies  with  the  respiratory  movements  of  the  chest  and  with  the 
contractions  and  relaxations  of  the  ventricles  of  the  heart,  producing  the  con 
tmuous  movement  of  the  blood  through  the  capillaries  ; whereas  the  venous 
pressure  is  steady  and  maintains  the  even  blood  flow  toward  the  heart  The 
first  application  of  this  arrangement  to  the  arterial  and  venous  blood  pressure 
was  by  Hales  in  1727. . He  took  a long  tube  nine  feet  and  one-fourth  of  an 
inch  in  diameter,  provided  with  a stopcock  connecting  the  tube  with  the  crural 
artery  of  a horse,  admitting  the  blood  into  the  tube,  and  watching  the  vibra 
t.ons  of  the  blood  in  the  tube  at  each  heart-beat,  the  pressure  bdng  measured 
by  the  coh, mil  of  blood  and  the  variations  of  pressure  by  the  vibrafions  of  the 
blood  in  the  tube.  This  method,  however,  Is  unsatisfactory  011  account"  of  the 

Sof  tU,be  ,re9uir^d  and  the  readiness  of  the  blood  to  coagulate  In 
1828  Poisemlle  devised  the  bent  tube  in  the  U shape  and  put  mercury  in  the 
bend,  a substance  heavier  and  more  movable  than  the  blood.  He  also  used 

?oranh  i°  PrVent  ^ ^ Cl0ttmg  °f  theliood-  securing  a convenient  arrangement 
or  observation  and  measurement.  This  instrument  was  called  Hamiadvna- 
mometer.  The  modern  mercurial  manometer  is  an  improved  form  of  this 
instrument  It  consists  of  a glass  tube  bent  in  V shape  open  at  the  two  In  « 
held  in  position  by  a metallic  frame- work.  Mercury  fs  placed  in  the  1 ^ 
f jo  occupy  the  bend.  The  one  end  fitted  into 

stop  cock.  Before  the  blood  is  passed  into  the  tube  a solution  is  passed  into 
the  tube  ,0  prevent  the  blood  from  coagulating,  e.  g„ 
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magnesium  sulphate.  On  account  of  the  cardiac  and  respiratory  changes  this 
method  was  unsatisfactory,  because  the  pressure  could  not  be  accurately  read 
Ludwig  invented  his  self- registering  manometer  to  get  over  this.  He  placed 
upon  the  mercurial  surface  in  the  distal  limb,  a small  ivory  float,  bearing  a 
light  marking  rod.  Any  change  in  the  mercury  caused  the  marker  to  rise  or 
fall,  with  an  arrangement  for  marking  the  change,  by  means  of  which  cardiac 
and  respiratory  changes  are  graphically  represented  in  carved  lines  upon  a mov- 
ing surface  of  the  kymography  The  pressure  represented  upon  this  instrument 
is  the  mean  blood  pressure.  Various  attempts  have  been  made  to  register  the 
slighter  changes  by  means  of  the  spring  kymograph  which  possesses  the  advan- 
tage of  delicacy  and  accuracy.  These  instruments  are  valuable  as  showing  the 
variations  in  individual  beats  with  the  changes  in  vibrations. 

To  secure  a blood  pressure  tracing,  an  artery  is  laid  open  in  an  animal  sub- 
jected to  chloral.  Thereafter  two;  ligatures  are  applied  so  as  to  isolate  a part. 
An  incision  is  made  into  the  artery,  and  a tube  inserted  in  the  vessel  next  the 
heart.  The  tube  is  filled  with  anti-coagulation  solution,  and  connected  by  a 
rubber  tube  with  the  short  limb  of  the  manometer.  The  ligature  is  then  taken 
off  and  the  blood  flows,  acting  upon  the  solution,  and  the  mercury  in  the  man- 
ometer pushing  up  the  float  which  vibrates,  and  then  records  its  movements. 
To  discover  the  intra  vascular  pressure  at  any  moment,  we  must  measure  the 
height  of  the  ordinate,  a vertical  line  drawn  from  the  curve  recorded  by  the 
manometer  to  the  abscissa,  or  horizontal  base  line,  this  latter  representing  the 
height  of  the  column  of  mercury,  under  the  influence  of  the  atmosphere  and 
the  solution  of  carbonate.  This  number  must  be  doubled  in  order  to  represent 
the  actual  blood  pressure,  because  the  mercury  in  the  proximal  limb  sinks  just 
the  length  the  mercury  rises  in  the  distal  limb.  This  enables  us  to  represent  the 
blood  pressure  in  millimeters  of  mercury,  varying  in  the  different  arteries  and 
veins.  If  the  canula  be  inserted  in  the  large  veins  of  the  neck  at  the  entrance 
into  the  thoracic  cavity,  there  will  be  found  a negative  pressure  representing  a 
friction  action  from  the  inside  of  the  vein.  These  , facts  indicate  that  blood 
pressure  is,  as  we  stated,  dependent  upon  purely  physical  laws,  being  simply  a 
movement  of  the  blood  within  the  tubular  system,  from  a tube  in  which  there 
is  a high  pressure  to  tubes  of  lower  pressure.  If  the  blood  vessels  are  injured 
or  cut, “certain  phenomena' are  noticed,  e.  g.,  in  the  case  of  an  artery,  the  high 
pressure  causes  the  blood  to  flow  out  like  a jet,  whereas,  from  a wounded  vein 
the  blood  flows  steady  without  any  pulsation.  This  represents  roughly  the 
variation  in  pressure  found  in  the  arteries  and  veins. 

From  such  experiments  as  these,  certain  conclusions  have  been  reached  in 
regard  to  the  blood  pressure.  That  conclusion  varies  in  the  case  of  arterial 
pressure,  the  capillary  pressure  and  the  venous  pressure,  (i)  The  arterial 
pressure.  The  arterial  system,  as  we  have  seen,  gradually  increases  its  cross 
section  area  by  the  multiplication  through  division  or  sub-division  of  the  minute 
vessels.  This  division  and  sub-division  mark  the  transition  from  the  minute 
arteries  to  the  capillaries.  Arising  from  this  minute  sub  division  there  is  a 
strong  force  of  resistance  transmitted  backwards  according  to  the  physical  laws 
of ; fluid  pressure,  through  the  capillaries,  through  the  minute  arteries,  and 
through  the  larger  arteries  toward  the  heart.  This  resistance  originates  in  the 
capillaries,  presenting  a very  strong  resistance  to  the  blood  flow  from  the  heart. 
This  resistance  is  greatest,  of  course,  in  the  capillaries  and  in  the  smaller  ves- 
sels, gradually  diminishing  backward  along  the  blood  path  until  we  reach  the 
heart.  This  resistant  force,  therefore,  meets  the  great  force  of  the  heart. 

At  the  aortic  opening  into  the  heart  the  ventricular  force  throwing  open 
the  valve,  drives  out  the  blood  from  the  ventricle  into  the  arterial  system  with 
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an  intermittent  stream,  this  ventricular  force  meeting  and  over  bearing  the 
peripheral  resistance  that  is  sent  up  from  the  capillaries.  The  great  pressure, 
therefore,  in  the  arterial  system  is  due  to  the  interaction  of  the  great  force  of 
the  heart  and  the  resistance  that  is  sent  up  from  the  periphery.  This  high 
pressure  in  the  arterial  system  maintains  its  uniformity,  chiefly  on  account  of 
the  elasticit}'  of  the  arterial  walls.  At  each  heart  beat  there  is  ejected  from 
the  heart  into  the  arterial  system  a certain  volume  of  blood.  This  volume  of 
blood  has  to  meet  the  resistance  from  the  capillaries.  This  must  be  compen- 
sated for,  by  the  discharge  of  blood  from'  the  arteries  into  the  cQpi11rrr,fte-  fivfl 
at  the  same  time  the  distension  of  the  arterial  walls,  so  as  to  provide  for  an 
accommodation  of  the  volume  of  blood.  As  these  successive  blood  ejections, 
take  place  the  aeterial  walls  yield  before  the  peripheral  resistance,  tire  blood 
remaining  in  the  arterial  system,  and  thus  increasing  the  blood  pressure.  This 
goes  on  until  the  limit  is  reached.  At  this  point  the  walls  are  fully  distended; 
they  become  hard  and  stiff.  As  a result  of  this  the  blood  pressure  is  very 
high,  and  the  successive  blood  ejections  from  the  heart  cause  the  pushing 
backward  of  the  blood  into  the  capillaries.  Thus  the  normal  condition  of 
arterial  pressure,  would  represent  the  discharge  of  blood  from  the  arteries  dur- 
ing the  ventricular  diastole  into  the  capillaries  equal  in  volume  to  the  amount 
ot blood  thrown  out  of  the  heart  into  the  arteries  at  each  ventricular  beat. 
During  each  systole  of  the  heart,  the  muscle  of  the  heart  actively  performs 
a certain  amount  of  work  in  producing  a force  to  expand  the  arterial  walls,  for 
the  purpose  of  accomodating  the  blood  driven  from  the  heart  into  these  arter- 
ies and  also  assisting  to  sustain  the  capillary  blood  flow  against  the  peripheral 
resistance.  The  force  thus  generated  by  the  muscular  activity  of  the  heart  is 
divided  between  the  elastic  arterial  fibers  in  expansion  and  the  capillaries  which 
receive  the  blood  supply  from  the  arteries  during  the  arterial  recoil  when  the 
heart  and  the  heart  muscles  are  resting.  At  the  commencement  of  the  diastole 
the  arteripl  rprn:|  rinses iJa^rteriaL-walYes-.  During  the  SV.Stole  of  the  heart, 
on  the  other  hand,  the  arterial  walls  are  expanded  before  tb^  vnlump-af.  hlnnA 
that  is  thrown  into  the  arteries-fr-om-the  hearts  and  in  this  way  the  pressure  of 
the  blood  is  raised  on  account  ot  the  increase  in  the  volume  of  blood. 

During  diastole  the  arterial  walls  recoil  and  the  blood  pressure  falls  on 
account  of  the  increased  quantity  of  blood  thrown  out  of  the  arteries  into  the 
capillaries  Before  this  fall  in  the  blood  pressure  becomes  low,  the  systole  of 
the  heart  or  of  the  ventricles  rather,  takes  place  and  the  blood  is  again  driven 
out  of  the  ventricle  into  the  aorta,  raising,  once  more,  the  blood  pressure, 
these  different  stages  go  on  successively,  preserving,  in  this  way,  the  mean 
blood  pressure  that  is  normally  found  in  connection  with  the  arterial  system. 
The  arterial  blood  pressure  i_s  caused:  1st  of  all,  by  the  blood  driven  out  of  the 
heart  on  the  contraction  of  fflq  v^ntri^la-  2.  By  the  resistance  that  is  met 
with  in  the  minute  vessels,  known  as  the  peripheral  resistance;  and  3.  By  the 
elasticity  of  the  arterial  walls.  "These  are  three  causes  of  the  arterial  TiToocT 
pressure.  Thus  the  pressure  of  the  blood  is  lessened  gradually  from  the  heart 
to  the  capillaries.  It  reaches  its  highest  point  in  the  case  of  the  ventricle  dur- 
ing systole,  and  its  lowest  point  in  the  auricle  during  diastole,  during  which, 
as  we  will  find,  there  is  often  found  a negative  pressure  in  connection  with  the 
large  veins  and  the  auricles. 

The  arterial  blood  pressure  varies,  rising  at  the  moment  of  the  ventricular 
systole,  and  falling  at  the  moment  ot  diastole.  tEese  variations  being 
greater  at  the  points  nearer  the  heart.  The  mean  pressure  of  the  whole  arter- 
ial system  is  to  be  distinguished  from  the  mean  blood  pressure  at  any  one  point 
along  the  arterial  blood  path.  The  mean  blood  pressure  of  the  arterial  system 
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is  estimated  by  calculating  the  mean  pressure  at  the  different  points  along  the 
arterial  system  and  then  striking  an  average  between  these  different  mean  pres- 
sures. This  mean  blood  pressure  of  the  arterial  system  varies  with  the  volume 
of  blood  found  in  the  arterial  system,  for  example;  in  plethora  and  in  the  case 
°E  transfusion,  consequently  lessening  of  the  total  arterial  calibre  will  raise  the 
mean  blood  pressure.  The  mean  blood  pressure  increases  with  Hip  force  of  the 
' eutricular  beat,  so  that  the  acceleration  of  the  heart’s  action  increases  the 
mean  blood  pressure.  If,  on  the  other  hand,  the  action  of  the  heart  is  weak- 
ened, as  in  an  anamiic  condition,  and  in  the  case  of  the  loss  of  blood  by 
hemoi  rhage,  of  the  mean  blood  pressure  is  lessened.  In  certain 
abnormal  conditions,  for  example,  in  the  case  of  fever,  and  in  the  case  of 
hemorrhage  and  in  phthisis,  the  pressure  of  the  blood  in  the  arterial  system 
is  always  lessened;  while  in  the  case  of  lead  poisoning,  for  example,  or  in  the 
case  of  the  injection  of  ergot  and  digitalis  into  the  blood,  or  in  the  case  of  the 
induration  in  the  arterial  walls  and  in  case  of  the  abnormal  enlargement  of  the 
heart  there  is  an  increase  in  the  blood  pressure,  at  least,  in  the  arterial  system. 

2 Capillary  Blood  Pressure. — In  connection  with  the  capillary  blood 
flow,  we  have  seen  that  it  is  uniform  and  free  from  rhythmic  changes.  The 
pressure,  therefore,  of  the  capillary  system  is  low,  as  compared  with  the  arterial 
system.  As  we  have  seen,  the  force  that  drives  the  blood  into,  and  through 
the  capillaries,  is  the  force  of  the  heart  imparted  to  the  arterial  walls,  mani- 
fested in  the  recoil  cr  contraction  of  the  arterial  walls,  following  distension. 
While  the  heart  is  resting,  the  arterial  walls  recoil,  the  work  being  carried  on 
by  the  force  transmitted  from  the  heart  at  the  preceding  systole.-  This  force 
is  to  meet  with,  and  overcome  the  capillary  resistance.  Thus  the  forces  which 
produce  the  capillary.  circulation  are,  ist  of  all,  the  heart  force.  2nd.  The 
elastic  force  of  the  arterial  walls,  and  yd  The  peripheral  resistance.  The 
blood  that  flows  intermittently  from  the  heart  on  its  entrance  into  the  capil- 
laries loses  its  pulsation,  and  also  its  high  pressure.  There  is  much  less  resist 
ance  to  be  overcome  in  the  passage  of  the  blood  from  the  capillaries  into  the 
veins,  than  in  the  case  of  the  entrance  of  the  blood  from  the  minute  arteries 
into  the  capillaries.  This  resistance  is  constantly  diminishing  through  the 
course  of  the  capillary  circulation.  The  force  of  the  heart  beat  is  also  greatlv 
lessened,  much  of  the  energy  having  passed  into  heat,  and  this  heat  having 
been  exhausted  in  preserving  the  arterial  blood  pressute.  Thus,  a lessened 
force  meeting  with  a lessened  resistance,  is  what  we  find  in  the  capillary  circu- 
lation. The  blood  flow  is,  therefore,  slow  and  steady,  and  the  pressure  is  also 
low  all  through  the  capillary  system.  At  the  arterial  recoil,  as  we  saw  before, 
there  is  a volume  of  blood  thrown  into  the  capillaries  during  the  ventricular 
diastole,  equal  to  the  volume  of  blood  displaced  during  the  ventricular  systole. 
In  this  way  the  aiterial  pulse,  and  changes  due  to  cease  respiratory  influences 
altogether  at,  or  about,  the  close  of  the  arterial  system,  leaving  the  blood  in  a 
constant  stream  to  issue  through  the  capillaries,  supplying  the  tissues:  and  then 
returning  to  the  veins.  Any  condition  that  favors  or  assists  the  blood  flow  to  a 
capillary  region,  will  raise  the  capillary  pressure;  for  example,  distension  of  the 
small  arteries  opening  into  the  capillaries,  contraction  of  the  small  veins  on  the 
other  hand,  leading  away  from  the  capillaries,  will  have  the  same  effect,  increas- 
ing the  blood  pressure,  preventing  the  volume  of  blood  passing  away  from  the 
capillaries  into  the  veins.  The  position  of  the  capillaries  and  their  arrange- 
ment in  that  peculiar  net  work  among  the  muscular  fibers  together  with  com- 
pression, or  contraction  of  the  muscles  bearing  upon  the  capillaries,  will  influ- 
ence the  capillary  pressure. 

3 Venous  Blood  Pressure: — The  venous  blood  pressure  is  lower  in  the  min- 
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•ute  veins  than  in  the  capillaries,  gradually  diminishing,  as  we  caw,  toward  the 
heart.  In  the  larger  veins  at  or  near  the  heart  the  pressure  ranges  from  a 
slight  positive  to  a slight  negative.  This  negative  pressure  depends  largely 
upon  respirator}'  action.  This  diminishing  blood  pressure  in  the  veins  arises 
from  the  same  causes  as  the  low  blood  pressure  in  the  capillaries.  It  is  the 
heart  force  transmitted  along  the  arterial  walls  and  through  the  capillaries, 
that  forces  the  blood  into  the  veins.  There  is  still,  as  we  have  said,  a certain 
amount  of  resistance  in  the  venous  circulation,  although  the  resistance  is 
gradually  lessening  all  the  way  toward  the  heart.  The  elasticity  of  the  walls 
of  che  veins  is  very  slight,  and  hence  the  blood  moves  freely  along  the  venous 
blood  path  with  no  greater  internal  pressure  than  the  external  atmospheric 
pressure. ' While  the  heart  force  is  sufficient  to  drive  the  blood  through  the 
veins,  there  are  certain  forces  which  assist  the  blood  through  the  venous  circu- 
lation toward  the  heart.  These  forces  are  three  in  number,  ist  of  all,  the 
aid  rendered'by  the  lungs  in  the  venous  circulation.  2d.  The  force  of  the, 
muscles  of  inspiration,  and  third,  the  force  that  arises  from  the  skeletal  muscles. 

1 1 ) The  lungs  exert  an  influence  upon  the  venous  circulation.  During  inspir- 
ation and  expiration,  the  two  stages  T>f  respiration,  thp  lungs  are  stretched, 
theltmg  fibers  drawing  on  the  ribs,  the  diaphragm,  the  heart  and  the  other 
organs  in  the  thoracic  cavity.  This  distending  force  acts  upon  the  heart  dur- 
ing the  ventricular  diastole.  This  same  drawing  force  generates  in  the  super- 
ior and  inferior  vena  cava  suction  force  which  affects  the  venous  circulation. 
This  suction  action  tends  to  draw  blood  without  the  thoracic  cavity  inside  the 
chest.  As  w7e  have  seen  there  is  a negative  pressure  always  found  in  the  veins 
close  to  the  chest,  this  negative  pressure  giving  place  to  a positive  pressure 
farther  away  from  the  chest  in  the  venous  blood  path.  Thus  the  elastic  trac- 
tion of  the  lungs  is  constantly  exerting  a drawing  influence  upon  the  venous 
blood  toward  the  heart.  (2)  This  force  of  aspiration  in  connection  with  the 
lungs  is  materially  .aided  bv  the  muscles  of  inspiration  which  by  their  contrac- 
tions strengthen  the  traction  force  of  the  lungs.  At  each  dilatation  of  the  chest 
there  is  aTorce  generated  which  sucks  the  blood  into  the  chest  cavity,  when 
contraction  takes  place  this  force  is  suspended  so  that  the  muscular  force  which 
draws  upon  the  venous  circulation  is  not  constant  but  is  marked  by  the  suc- 
cessive inspirations. 

(3)There  is  an  influence  exerted  temporarily  by  the  skeletal  muscles.  When 
these  muscles  contract,  compression  is  brought  to  bear  upon  the  veins  in  close 
proximity  to  these  muscles,  so  that  the  blood,  by  this  compression,  is  driven 
out  of  the  veins,  and  the  venous  blood  pressure  is  overcome.  Here  the  valvu- 
lar arrangement  of  the  veins,  together  with  the  free  anastomosis  of  the  veins, 
prevents  the  blood  from  being  driven  away  from  the  heart  and  causes  the  blood, 
always,  to  pass  in  the  direction  of  the  heart.  Thus  muscular  compression  may 
temporarily  assist  in  promoting  the  venous  circulation.  This  is  not  constant, 
but  only  temporary,  because  if  the  compression  is  continued  for  a length  of 
time  it  would  result  in  the  destruction  of  the  vein,  or  the  obstruction  "of  the 
circulation,  not  by  causing  the  blood  to  pass  away  from  the  heart,  but  by  de- 
stroying the  vein,  or  veins  in  this  region.  The  diminution  in  the  blood  pres- 
sure is  so  great  that  in  the  large  veins  near  to  the  heart  it  is  estimated  that  the 
pressure  is  only  about  one-twentieth  part  of  the  pressure  in  the  arteries  next  to 
the  heart.  There  are  no  great  variations  in  the  venous  blood  pressure,  unless 
in  those  large  veins  close  to  the  heart  in  which  the  pressure  increases  during 
the  auricular  contraction  and  diminishes  during  the  auricular  expansion.  Great 
activity  in  the  heart  produces  a lessened  pressure,  all  through  the  venous  cir- 
culation. Anaemic  blood  conditions  for  example,  produce  a diminution 
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Qf_ _t he  venous  blood  pressure.  Plethoric  blood  conditions  produce  an 
increase  in  the  venous  blood  pressure  ; changes,  also,  in  the  normal  position  of 
the  limbs  affect  the  venous  circulation.  For  example,  the  raising  of  the  ex- 
tremities promotes  the  venous  circulation  toward  the  heart.  The  downward 
inclination  ou  the  other  hand,  of  the  head,  retards  the  venous  circulation 
toward  the  heart.  In  the  case  of  deep  breathing, ...the.Tra.ction  force  of  the 
lungs  increases  the  negative  pressure  in  the  veins  close  to  the  heart.  This  neg- 
ative pressure  increasing  backwards  along  the  blood  path  at  each  deep  inspira- 
tion. When  the  chest  relaxes,  the  pressure  is  raised,  causing  the  venous  pul- 
sations, which  are  simultaneous  with  the  respirations  At  every  inspiration  the 
blood  is  being  sucked  out  of  the  veins  and  the  veins  diminish  in  size.  During 
expiration,  on  the  other  hand,  the  veins  increase  in  size  on  account  of  the  vol- 
ume of  blood  from  the  smaller  veins.  In  close  proximity  to  the  chest  there  is 
always,  therefore,  a negative  pressure.  In  very  deep  inspiration  this  negative 
pressure  may  be  extended  so  far  along  the  neck  and  the  arms  as  to  reach  what 
is  called  “the  point  of  danger.’’ 

This  point  of  danger  is  so  called  because  of  the  danger  that  arises  in  the 
case  of  the  wounding  of  the  vein,  or  its  being  cut  in  some  way,  resulting  in  the 
sucking  of  air  into  the  veins,  and  its  passage  along  with  the  blood  into  the 
heart  which  may  result  in  sudden  death,  from  the  sudden  entrance  of  the  blood 
and  the  air  into  the  heart.  This  danger  point  is  so  called  by  surgeons  because 
of  danger  associated  with  operations  in  this  region.  Various  attempts  have 
been  made  to  estimate  the  blood  pressure  at  the  different  points  along  the  blood 
path.  This,  however,  varies  so  much  in  the  different  individuals,  and  in  the 
different  conditions  of  the  same  individual  that  no  importance  can  be  attached 
to  the  estimated  results.  It  is  to  be  noticed,  however,  that  lA  of  the  blood  may 
be  tgken  out  of  the  system  without  any  effect  upon  the  blood  pressure.  It  is 
estimated  that  2-5  of  the  bloodjwithdrawn , will  slightly  lower  the  blood  pres- 
sure, a considerable  fall  being  noticed  in  connection  with  the  removal  of  V.of 
the  blood.  If  of  the  blood  volume  is  removed,  the  pressure  gradually  falls 
until  the  heart  ceases  altogether  to  act.  In  the  case  of  the  depleted  blood,  the 
transfusion  of  a .75  per  cent  solution  of  sodium  choloride  will  raise  the  blood 
pressure,  and  tend  to  restore  the  normal  condition  of  the  blood. 

SECTION  XVI. — Velocity  of  the  Blood  Circulation. 

The  speed  of  the  blood  is  of  considerable  importance.  Various  instruments 
have  been  invented  in  order  to  discover  what  this  speed  is.  If  an  artery  is  cut 
the  blood  issues  from  the  artery  with  great  velocity.  The  blood  moves  along 
the  blood  path  with  considerable  speed,  gradually  diminishing  from  the  heart 
along  the  arteries  and  through  the  capillaries  and  the  veins-  The  measure- 
ments, however,  are  only  approximate,  and  they  cannot  be  taken  as  indicating 
the  real,  or  accurate  velocity  of  the  blood.  In  the  larger  veins  and  arteries  the 
measurement  cannot  be  made  directly.  If  it  were  possible  to  measure  accur- 
ately the  vessel  calibre,  and  also  the  volume  of  blood  that  passes  through  it  in 
any  given  time,  then  it  would  be  a simple  arithmetical  circulation  to  determine 
the  blood  speed.  This,  however,  is  difficult  to  determine,  chiefly  because  of 
the  varying  calibre  of  the  vessels,  and  the  varying  resistance  that  the  blood 
meets  with  in  the  blood  flow.  The  Htemadromometer  of  Volkmanu  consists  of 
a V shaped  glass  tube,  with  stop  corks  and  metal  attachments.  The  blood  was 
then  allowed  to  pass  through  the  tube,  and  as  the  length  of  the  tube  was  known 
the  time  of  making,  the  circuit  of  the  tube  could  be  easily  noticed.  The  velo- 
city in  this  case,  is  retarded  by  the  artificial  glass  nature  of  the  tube,  and 
hence,  the  measurement  is  not  even  approximate.  The  best  instrument  that 
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has  been  invented  is  the  stromuhr,  or  rheometer  of  Ludwig.  This  stromuhr 
consists  of  two  glass  bulbs,  equal  in  capacity,  connected  together  at  the  top  by 
a common  tube.  At  the  bottom  ends  of  the  bulbs  there  are  two  tubes  with  two 
smaller  cauulae  at  the  end,  for  insertion  into  the  ends  of  the  vessels.  The  two 
bulbs  are  fixed  upon  two  metal  discs,  these  two  discs  being  turned  on  the  top 
of  two  other  discs,  on  which  they  can  rotate  so  that  each  bulb  can  be  moved 
around,  so  as  to  be  brought  into  connection  with  the  two  lower  tubes  in  suc- 
cession. The  one  bulb  is  filled  with  oil,  and  the  other  bulb  with  defibrinated 
blood. 

An  artery  is  then  divided  and  the  two  cauulse  are  connected  with  the  two 
ends  of  the  divided  artery.  The  blood  rushes  out  of  the  artery  through  the 
canula  into  the  bulb,  throwing  out  the  oil  into  the  other  bulb  while  the  defi- 
brinated blood  is  pushed  by  the  oil  out  of  the  other  bulb  into  the  other  end  of 
the  artery.  The  time  is  noticed  during  which  the  one  bulb  filled  with  oil  is 
filled  with  blood  the  other  being  filled  with  oil  at  the  same  time.  This  repre- 
sents the  time  in  which  the  volume  of  blood  equal  to  the  size  of  the  bulb 
passes  through  the  artery.  From  this  estimate,  the  velocity  of  the  blood  can 
be  estimated.  The  experiment  is  continued  by  reversing  the  bulbs.  In  the 
experiment  of  Ludwig  the  bulb  was  able  to  hold  five  cubic  centimeters.  From 
the  time  of  allowing  the  first  five  cubic  centimeters  of  blood  to  enter  into  the 
tube  until  the  moment  when  the  last  five  cubic  centimeters  escapes  from  the 
artery  into  tbe  tube,  one  hundred  seconds  elapsed,  during  which  time  five 
cubic  centimeters  of  blood  was  received  ten  times  into  the  tube  from  the  arter- 
ies. all  the  blood,  except  the  last  five  cubic  centimeters  of  blood,  being  returned 
again  at  the  other  end  of  the  artery  into  the  circulation.  Thus  in  one  second 
five  cubic  centimeters  of  blood  has  flowed.  Estimating  the  size  of  the  canula  he 
found  that  159  m.  m.  of  blood  flowed  in  one  second.  In  this  way  he  estimated 
the  amount  of  blood  flowing  in  a given  time  and  also  the  speed  of  the  blood. 
This  point  is  of  considerable  importance  in  the  Physiology  of  circulation, 
because  it  enables  us  to  calculate,  at  least  approximately  the  duration  of  the 
circulation.  One  difficulty  in  this  case,  is  that  the  stromuhr  only  gives  the 
velocity  of  the  blood  during  the  experiment.  In  rapid  changes  of  the  velocity, 
another  method  has  been  used  to  determine  the  normal  blood  velocity. 
Vierordt,  a German  Physiologist,  constructed  the  Haematachometer,  in  order 
to  estimate  the  velocity  by  observing  deviation.  This  instrument  consists  of  a 
small  metal  box  with  parallel  glass  sides  with  a canula  at  each  side,  these  two 
being  connected,  as  before,  to  the  ends  of  the  divided  artery.  Inside  the  box 
there  is  suspended  from  the  top  a pendulum;  the  vibrations  of  this  pendulum 
can  be  read  on  a graduated  scale.  When  the  blood  is  cut  off  from  the  instru- 
ment the  pendulum  hangs  vertical,  when  the  blood  is  permitted  to  flow  through 
the  canula  and  through  the  chamber,  the  pendulum  is  deflected.  The  velocity 
can  be  estimated  from  this  deflection  because  the  graduation  upon  the  scale  is 
based  upon  the  speed  of  a fluid  where  velocity  is  known.  It  has  been  found 
that  the  velocity  of  the  blood  is  subject  to  great  variation.  In  the  different 
arteries  the  velocity,  for  example,  in  the  case  of  the  carotid  artery  of  the  dog, 
is  found  to  be  205  to  350  mm  per  second,  in  the  crural  artery  of  the  dog  140  to 
240  mm  per  second.  Chauveau,  who  conducted  a great  number  of  experiments, 
found  in  the  large  arteries  close  to  the  heart  during  systole  there  was  a velocity 
of  520  mm  per  second,  whereas  during  diastole  the  velocity  was  220  mm  per 
second,  and  during  rest  150  mm  per  second.  The  arterial  velocity  diminishes 
toward  the  capillaries  from  the  heart. 

The  capillary  velocity  cannot  be  measured  directly  by  any  of  these 
instruments.  It  can  be  measured,  however,  by  the  use  of  the  micrometer  used 
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in  connection  with  the  microscope.  Some  Physiologists  have  measured  the 
speed  of  the  blood  in  the  capillaries  of  the  retina  in  their  own  eyes.  It  is 
found  that  the  velocity  in  the  case  of  the  capillaries  is  very  much  less  than  the 
in  case  of  the  arteries.  Weber  estimates  the  velocity  in  the  case  of  the  web  of 
the  frog’s  foot  at  51-100  mm.  per  second,  and  in  the  case  of  the  mammalian 
capillaries,  8-10  mm.  per  second.  Other  Physiologists  estimate  that  in  the 
human  subject  there  is  a normal  capillary  velocity  varying  from  6-10  to  9-ic 
mm.  per  second.  Volkmanu  states  that  in  the  human  subject  the  veloc  y of 
the  blood  in  the  aorta  is  600  times  the  velocity  of  the  blood  in  the  capillaries, 
and  the  velocity  of  the  minute  arteries  is  10  times  the  velocity  of  the  capillaries. 
In  the  case  of  the  veins  the  velocity  is  small  in  the  minute  veins  leaving  the 
capillaries,  increasing  gradually  as  the  veins  become  larger,  until  in  the  larger 
veins  close  to  the  heart  it  is  found  to  be  from  200  to  225  mm.  per  second,  for 
example,  in  the  jugular  vein  of  the  dog  and  also  of  a horse;  these  are  esti- 
mated 200  to  235  mm.  per  second.  The  venous  velocity  increases,  therefore, 
from  the  capillaries  to  the  heart.  This  acceleration  in  the  venous  velocity  is 
due  partly  to  the  diminished  resistance.  Comparing  the  velocity  of  the  blood 
with  the  blood  pressure,  there  are  certain  conditions  that  we  find  to  be  noted. 
In  the  case  of  the  arteries,  the  velocity  and  accompany  each  other,  both  in 
rising  and  in  falling,  both  the  velocity  and  the  blood  pressure  gradually  diminish- 
ing from  the  heart  to  the  capillaries.  In  the  capillaries  the  velocity  and  the 
blood  pressure  are  low.  In  the  vein's,  on  the  other  hand,  there  is  a low  blood 
pressure,  diminishing  gradually  all  along  the  venous  path,  whereas,  the  speed 
is  higher  than  we  have  had  it  in  the  capillaries,  and  it  increases  all  the  way 
toward  the  heart.  There  is  no  relation,  therefore,  between  the  velocity  of  the 
blood  and  the  blood  pressure,  being  in  direct  relation  to  one  another  in  the  case 
of  the  arteries  and  in  the  capillaries,  and  inverse  in  relation  to  one  another 
throughout  the  venous  blood  path.  The  velocity  in  the  capillaries  is  very  slow, 
compared,  at  least,  with  the  large  veins  and  with  the  large  arteries,  whereas, 
the  minute  veins  and  the  minute  arteries  have  a greater  velocity  than  that  we 
find  in  the  capillaries.  This  fact  is  of  great  physiological  value,  because  in  the 
capillaries  the  great  function  of  supplying  the  tissues  is  performed,  a certain 
volume  of  blood  being  required  to  do  this,  and  that  the  blood  must  pass  slowly 
in  order  to  permit  the  blood  entering  into  the  tissues  and  to  allow  the  blood 
interexchange. 

The  circulation  of  the  blood  requires  that  an  equal  volume  of  blood_ 
must  pass  ~any~two  points  in  the  circulation,  in  equal  periods  of  time  except 
in  cases  of  abnormal  disturbance.  This,  of  course,  does  not  mean  that  the 
rate  requires  to  be  uniform  in  all  the  arteries,  capillaries  and  veins,  because 
the  rapidity  in  one  is  compensated  for  a lower  rate  in  the  others.  1 his  is 
easily  explained  because  the  large  arteries  and  veins  are  few  in  number  and 
small  in  their  cross-section  area  as  compared  with  the  small  vessels  and  the 
minute  capillaries.  The  cross-sectional  area  increases  with  the  subdivision 
of  the  vessels.  This  sectional  area,  therefore,  is  gradually  increasing  from 
the  heart  to  the  capillaries;  hence,  the  smaller  the  blood  vessels,  the  larger 
is  the  blood  path  at  that  region,  the  widest  path  being  in  the  most  minute 
capillaries.  Vierordt,  a German  Physiologist,  states  that  the  cross-section 
area  of  the  capillaries  is  eight  hundred  times  that  of  the  arteries  at  the  toot 
of  the  aorta,  and  four  hundred  times  that  of  the  veins  at  the  venous  onfices. 
Thus  the  venous  circulation  is  much  greater  in  calibre,  than  the  arterial 
system.  The  arterial  and  the  venous  cones  lie  with  their  narrow  ends  toward 
the  heart,  connected  together  at  the  two  bases  by  the  capillaries.  An  equal 
volume  of  blood  passes  in  the  same,  or  equal  periods  of  time,  any  two  points 
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in  the  blood  path,  so  that  in  the  narrow  path  the  blood  must  flow  very 
rapidly,  and,  in  the  wider  path,  more  slowly.  The  velocity,  therefore, 
diminishes  on  account  of  the  widening  of  the  blood  path  toward  the  capil- 
laries, causing  the  velocity  to  be  lowest  in  these  capillaries  where  the  blood 
path  is  the  widest.  In  the  venous  blood  path,  the  gradual  narrowing  of  the 
path  toward  heart  causes  the  increase  of  the  speed,  and  the  fall  in  blood 
pressure,  the  speed  being  so  much  lower  in  the  venous  system,  because  the 
venous  blood  path  is  so  much  larger  than  the  arterial  blood  path.  The 
blood  flows,  therefore,  much  more  slowly  into  the  right  auricle,  than  it  moves 
out  of  the  left  ventricle,  because  the  path  is  wider,  although  the  volume  is 
about  the  same.  The  reason  of  this  is,  the  calibre  is  very  much  larger  at  the 
venous  orifices.  This  corresponds  with  what  we  have  found  in  connection 
with  the  heart,  that  the  blood  pours  in  during  the  long  auricular  diastole, 
and  leaves  during  the  short  ventricular  systole.  It  is  found,  therefore,  from 
this  standpoint,  that  the  velocity  of  the  blood  flow  depends  upon  the  width 
of  the  path,  being  greatest  at  the  aorta,  diminishing  toward  the  capillaries 
and  then  increasing  again  toward  the  heart  in  the  venous  system.  Resist- 
ance in  the  capillaries  plays  only  a very  small  part  in  determining  the  velo- 
city, at  least  in  the  capillaries,  but  theincreased  sectional  area  is  the  element 
which  determines  the  velocity  all  the  way  around  the  blood  path.  The  ven- 
tricular force  produces  the  blood  flow  through  the  entire  circulation,  gen- 
atingthe  force  of  the  arterial  walls,  and  thus  producing  a force  sufficient  to 
keep  the  blood  in  active  circulation  during  diastole,  as  well  as  systole.  Thus 
we  conclude:  1st  of  all,  the  speed  of  the  blood  is  in  invqfse  proportion  to  the 
calibre  of  the  vessels  measured  in  sectional  areas.  2nd.  At  each  systole  the 
rapidity  of  the  blood  flow  is  increased  in  the  large  arteries  close  to  the 
heart.  3d.  The  rap icl lty  is  constant  in  the  small  arteries,  capillaries  and 
small  veins.  4th.  The,  speed  is  increased  in  the  veins  toward  the  heart.  5th. 
In  the  large  arteries  the  influences  of  the  inspiration  retard  the  speed  while 
expiration  increases  it.  6th.  In  the  large  veins  the  influence  of  respiration 
and  the  suction  force  of  the  heart  causes  an  increase  of  the  .velocity  of  the 
blood. 

Time  Occupied  by  the  Entire  Circulation.— The  width  of  the  blood 
path,  as  we  have  said,  determines  the.,  rapidity,  thus  regulating  the  slow 
movement  where  the  blood  requires  longer  time  to  perform  its  functions  in 
the  tissues,  and  the  more  rapid  movement  where  the  blood  simply  passes 
along  an  intermediate  path.  In  this  way  the  red  corpuscles  are  found  to 
spend  a large  portion  of  time  in  the  capillaries  where  these  corpuscles  are 
brought  into  active  connection  with  the  tissues. 

It  jsjmportant  from  the  Physiological  standpoint  to  distinguish  between 
the  blood  rate  and  t he  time  taken  by  a corpuscle  in  making  the  circuit  of  the 
blood  path  from  the  left  ventricle  to  the,  left  ventricle  again.  Duration  is 
considered  in  respect  Eo  the  single  corpuscle.  The  time  has  been  estimated 
approximately,  during  which,  for  example,  certain  substances  pass  from  the 
jugular  vein  on  the  one  side  to  the  jugular  vein  on  tfie  other  side.  Bering 
injected,  some  drops  ot  a two  per  cent  solution  of  ferrocyanide  of  potassium, 
examining  the  blood  on  the  other  side  ever)'  five  seconds;  testing  it,  on  the 
other  side,  with  perchioride  of  iron  so  that  when  the  ferrocyanide  appears 
on  the  other  side  there  is  a formation  ot  Prussian  blue.  Various  experi- 
ments of  this  and  of  a similar  nature  have  led  the  Physiologists  to  conclude 
that  the  duration  of  the  circulation  is  approximately,  in  the  horse,  for 
example,  thirty-one  and  a half  seconds,  in  the  dog,  sixteen  and  a half  sec- 
onds and  in  man  about  twenty-five  seconds.  Vieroixft,  says,  that  the  time  of 
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the  entire  circulation  corresponds  with  the  time  occupied  bv  twenty-seven 
Of  tluxty  liC&J't  beats  . It  we  take"  for  example,  the  amount  of  hlnnom  the 
body  of  a person  weighing  140  pounds  as  about  5,632  grams.  This  would 
represent  5,322  cubic  centimeters.  Each  heart  beat  drives  out  172  cubic 
centimeters  from  the  heart  into  the  aorta,  giving  almost  exactly  thirtv  heart 
beats  as  the  period  during  which  the  entire  blood  goes  around  circulation. 
Taking  the  pulse  at  its  normal  seventy-two,  this  would  give  us  twenty-five 
seconds  as  the  period  or  duration  of  the  entire  circulation. 

Change  in  the  size  of  Organs: — Mosso  has  invented  an  instrument, 
the  Plethysmograph,  for  the  purpose  of  marking  the  changes  in  volume. 
It  has  been  found  by  the  use  of  this  instrument  that  the  size  of  an  organ 
depends  upon  the  blood  supply  in  it.  In  the  organ  the  volume  is  found  to 
change  with  each  heart  beat,  being  enlarged  by  blood  forced  into  it  and 
diminished  when  the  muscular  capillaries  are  emptied  into  the  veins.  The 
tracings  that  have  been  made  by  this  instrument  correspond  very  much  with 
the  pulse  tracings,  and  also  with  respiration  indulations.  The  exercise  of  a 
limb  lessens  the  volume  on  account  of  the  increase  of  the  blood  flow  out  of 
the  capillaries  into  the  veins,  although  this  is  partly  due  to  the  increase  of 
the  lymph.  Similarly,  mental  strain,  brain  work  and  sleep  produce  a lessen- 
ing of  the  volume  of  organs.  The  blood  is  so  distributed  through  the  body 
that  each  organ  receives  the  necessary  supply  according  to  its  requirements. 
The  activity  of  an  organ  determines  the  blood  to  it.  For  example,  the 
activity  of  the  mucous  membrane  of  the  stomach  or  the  increase  of  the 
muscular  exercise  as  of  the  limbs,  determine  the  blood  flow  into  these 
organs.  There  are,  however,  some  organs  whose  continuous  activity  deter- 
mines a constant  supply  of  blood  to  these  organs;  for  example,  the  heart, 
the  nerve  centers  in  the  medulla  and  the  respiratory  muscles.  These  organs 
seldom  if  ever  vary  in  the  blood  supply  found  in  the  case  of  normal  activity. 
Changes  in  quantity  are  compensated  for,  and  this  compensation  leads  to 
the  accurate  distribution  of  the  blood  through  the  entire  body.  For  exam- 
ple, in  the  case  of  hemorrhage  or  the  artificial  withdrawal  of  blood  where 
the  loss  does  not  exceed  three  per  cent  of  the  body  weight  the  loss  is  very 
quickly  made  up.  This  restoration  takes  place  too  quickly  to  suppose  that 
it  is  due  to  the  withdrawal  of  fluid  from  the  lymph.  It  is  probably  due  as 
most  Physiologists  recognize,  to  vaso-motor  action  increasing  the  peripheral 
resistance  and  thus  sending  the  blood  out  of  the  capillaries  into  the  general 
circulation.  If  the  loss  exceeds  three  per  cent  of  the  body  weight,  the  loss 
of  blood  seems  to  diminish  the  force  of  vaso-motor  influence,  thus  prevent- 
ing the  rapid  restoration  of  equilibrium.  If  blood,  on  the  other  hand, 
be  injected  into  the  circulation,  no  results  are  noticeable,  if  the  vaso-motor 
center  is  intact.  But  if  the  spinal  cord  be  severed,  there  follows  after  the 
injection  of  blood  a rise  in  the  blood  pressure.  This  indicates  the  capacity 
of  the  vessel  to  hold  a larger  quantity  of  blood  than  that  normally  present 
in  the  circulation,  the  extra  blood  being  contained  in  the  capillaries  and  the 
small  veins.  When  the  quantity  of  blood  is  increased  there  is  a diminution 
of  the  peripheral  resistance  by  the  activity  of  the  dilator  nerves  so  that 
the  blood  pressure  remains  normal,  thus  the  increase  or  the  diminution  of 
blood  does  not  materially  affect  the  circulation,  unless  it  is  dangerously 
large  on  either  side,  that  is  in  diminution  or  increase. 

SECTION  XVII  — The  Movements  of  the  Lymph. 

The  spaces  in  connection with  tlic_c o mic c.t rye  tissue  of  the  body  con- 
stitute the  origins  of  the  lymphatic  system.  Certain  constituent  elements 
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of  the  blood  plasma  ooze  through  the  vessel  walls  into  those  spaces.,  Prom 
these  spaces  there’ is  a constant  flow  of  the  lymph  through  the  lymph 
capillaries  into  the  larger  lymphatic  vessels  through  the  thoracic  duct  and 
the  great  lymphatic  trunk  into  the  blood  circulation.  The  lymph,  first  of  . 
all,  is  presented  i*n  those  inter-spaces  between  the  tissues,  those  inter-spaces 
being  in  constant  communication  with  one  another,  and  also  with  the  small 
Jymphatics,  which,  as  they  pass  to  the  larger  lymphatics  assume  the  form  of 
lymphatic  veins, _ Those  lymphatic  veins  have  delicate  walls  and  are  ar- 
ranged with  a large  number  of  semilunar  valves  with  dilatation  in 
the  lymphatic  vessels  above  the  valves.  These  valves  always  open  away 
from  the  inter-spaces  and  thus  render  efficient  assistance  to  the  lymph  flow 
in  its  forward  movements  from  the  inter-spaces  toward  the  larger  lymphatic 
vessels.  The  smaller  lymphatics  are  joined  together  in  the  formation  of 
larger  lymphatics.  These  larger  lymphatics  being  all  united  together  with 
the  two  main  lymphatic  trunks,  the  thoracic  duct  and  the  right  lymphatic 
duct.  The  right  lymphatic  duct  is  short,  being  the  terminal  of  the  Lyrru 
phatics  of  only  a small  portion  of  the  lymphatic  system.  All  theother 
lymphatics  terminate  in  the  thoracic  duct.  The  thoracic  duct  runs  along 
the  entire  extent  of  the  thoracic  cavity.  These  two  main  ducts  have  very 
delicate  walls,  also,  a valvular  arrangement. so  as  to  promote  the  movement 
of  the  lymph  away  from  the  smaller  lymphatics  and  to  prevent  lymphatic 
regurgitation.  The  two  main  ducts  terminate  on  the  two  sides  of  the  neck 
‘where,  at  least  in  the  human  subject,  the  duct  cavity  unites  with  the  junc- 
tion of  the  subclavian  and  the  internal  jugular  veins,  in  the  formation  of 
the  innominate  vein.  At  this  junction  of  the  ducts  with  the  veins  there  is 
a valvular  arrangement  permitting  of  the  passage  of  the  lymph  into  the 
veins  but  preventing  the  passage  of  the  blood  from  the  veins  into  the  duct. 
Throughout  the  serous  cavities  of  the  body  there  are,  also,  found  the  begin- 
nings and  terminals  of  the  lymphatic  systems,  these  serous  cavities  being 
large  surfaces  in  the  lymphatic  circulation.  Here  and  there  in  the  course 
of  this  lymphatic  circulation  there  are  found  lymphatic  ganglia  constituting 
the  lymphatic  glands  through  which  the  smaller  lymphatics  pass. 

These  glands  present,  at  least  from  the  standpoint  of  the  circulation,  a 
resistance  very  similar  to  the  peripheral  resistence  found  in  the  capillaries 
in  connection  with  the  blood  circulation.  Thus,  the  analogy  between  the 
lymph  in  the  lymphatic  circulation  and  the  blood  in  the  blood  circulation  is 
almost  complete.  The  lymph  circulates  from  the  lymph  spaces,  through 
the  lymphatic  vessels,  and  the  lymphatic  ducts,  terminating  in  the  venous 
junction  in  the  neck,  and  thus  is  brought  into  close  connection  with  the 
blood  system.  The  tissues  of  the  body  are  nourished  by  the  fluid  that  is 
transuded  through  ttie  capillary  walls.  Part  of  this  fluid  passes  into  the  liv- 
ing tissue,  and  the  balance  is  carried  away  in  the  form  of  waste.  In  all  the 
tissues  of  the  body  that  receive  blood,  the  lymphatics  are  found  very  abund- 
ant, particularly  in  the  region  of  the  arteries  and  of  the  veins.'  The  lymph 
does  not  pass  directly  into' the  blood,  but  through  the  lymphat'icgiands. 
TheTymphatic  vessels  contain  delicate  walls  from  2-10  to6-iO  mm  in  diam- 
eter. These  delicate  walls  of  the  lymph  vessels  consist  of  three  coats,  1st. 
of  all,  the  intima  of  endothelium  and  elastic  fibers.  2nd.  The  media  of 
transverse  muscular  fibers  and  also  elastic  fibers.  3d.  Adventitiaconsists  of  con- 
nTrctirr  tissirej  intercalated  by  elastic  tissues  and  smooth  muscular  fibers.  The 
minutT  lymphatic^  vessels  consist  entirely  of  endothelium  cells.  These  endo- 
tfielium  cells  being  formed  into  capillary  bundles,  all  of  them  opening 
toward  the  periphery.  1 he  fluid  which  has  been  exuded  from  the  blood 
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vessels,  passes  into  these  minute  lymphatic  vessels  by  the  process  of  osmosis 
or  as  some  Physiologists  think,  through  the  lymphatic  openings  that  are 
embedded  in  the  tissues.  According  to  some  Physiologists',  the  theory  of 
osmosis  is  not  correct;  they  say  that  in  the  very  minute  lymphatic  vessels 
there  are  delicate  mouths,  or  openings  which  pass  down  info  the  lymphatic 
spaces,  and  each  one  of  these  openings  represent  a mouth  through  which  the 
lymph  passes  out  of  the  spaces  into  the  minute  capillaries. 

Along  the  lymphatic  path  there  are,  as  we  haw-  seen,  lymphatic  glands 
srQjdl,  rounded  bodies  of  varying  sizes,  representing  the  collection  of  the 
lymphatic  vessels  at  certain  points  along  the  lymph  path.  On  the  one  sid e 
of  these  glands  there  is  a small  fissure  in  which  the  lymph  vessels  are  fpnnd 
tq  arise.  The  gland  is  c o xaJrecT'wffTili' she; i th  "o'f  connective  tissue,  and  the 
glandis  divided  into  a number  of  sections,  forming  a dense  plexus  in  which 
there  are  embedded  the  smaller  lymphatics,  and  from  which  arise  the  larger 
lymphatics.  These  lymphatic  glands  are  very  freely  ^supplied  with  blood 
vessels,  either  on  the  sunaTeirbr pi iT the  fissure f*  ” ” 

Nerves,  also  find  connection  in  the  uland.  in  what  way  this  connection 
is  estahUsiaecUt  is..no  t known.  The  capillary  system'  Brings  the’filoodfo'fhe 
different  tissues  and  as  the  capillary  walls  are  delicate  there  is  a free 
osmosis  through  these  walls  under  the  pressure  of  blood  in  the  capillaries. 
Under  this  filtration  process  the  water  in  the  blood  together  with  the  saline 
substances  in  solution  pass  freely  without  carrying  any  of  the  albuminous 
substances  along.  It  is  thus  laden  with  oxygen  which  is  of  value  in  the 
process  of  respiration  and  nutrition  for  the  upbuilding  of  the  tissues.  After 
the  tissues  take  up  what  is  necessary  for  them  the  lymphatics  collect  the 
excess  carrying  it  off  in  the  lymphatic  system.  Where  there  is  a large 
excess. .of  this  fluid  transuded  from  the  blood,  too  large  to  be  appropriated 
by  tin-  tissues  and  to  be  taken  up  by  the  lymphatics  we  have  a condition 
superinduced  in  the  tissues  of  the  bod}'  to  which’ the  name  of  (edema  is 
applied.  Thisdsaine  condition  may  be  produced  by  the  constriction  or  the 
obstruction  of  the  lymphatic  circulation,  producing  a swollen  condition  of 
the  tissues— for  example,  in  dropsical  conditions.  Thus,  the  lymph  origi- 
nates partly  from  the  blood  and  partly  from  the  tissues  of  the  body.  The 
lymph  passing  through  the  glands,  washing  out  these  glands  and  in  this  way 
often  collecting  in  the  lymph  stream  a large  number  of  lymph  corpuscles. 
The  lymph,  itself,  is  a clear,  colorless  or  pale  yellowish  fluid,  transparent  or 
slightly  opalescent  coagulating  very  quickly  under  the  influence  oi  fibrin,, 
this  fibrin  being  the  same  as  the  fibriiythat  we  find  in  connection  with  the 
bl,aod.~__The  lyiiip'h~Clptftn'.glb^mg  the  same  as~TSldod  clotting.  The 

chemical  composition  of  lymph  varies  very  much,  resembling  the  blood 
plasma  except  in  one  particular,  its  poverty:  of  albumin.  The  specific  .gi  am- 
ity of  the  lymph  is  about  1017  varying  to  about  1025.  \\  lien  the  lymph  is. 

microscopically  examined  it  is  found  to  contains  large  number  of  lymph 
corpuscles  and  sometimes  a few  red  corpuscles!  These  corpuscles  are 
smaller  than  the  white  blood  corpuscles,  although  some  Physiologists  have  said 
they  are  identical.  The  lymph  corpuscles  are  globular  in  shape,  consisting 
of  a large  nucleus  with  a narrow  granular  margin  varying  in  size  from  5 to  15 
micra.  In  the  lymph  there  is  found  about  1-10  per  cent  ol  fibrin  the  tor- 
ment of  the  blood  and  the  ferment  of  the  lymph.  As^rire  lymphjs — trau s.- 
ud ed-from  A'arious-vcsscis.and ~tis.suesL.oi  Liu:  body  it  varies  very  nuich  in  its 
character  as  it  is  -found  in  the  different  parts  of  the  body.* 

The  solid  matter  is  usually  much  less  than  that  found  in  the  blood,  be- 
ing not  more  than  5 or  6 per  cent,  ol  the  solid  matter.  I he  venous  blood-is. 


THE  MOVEMENTS  OF  THE  LYMPH. 


101 


fnnnrl  to  Kp  nuirh  richer  in  solid  mattcji^thaiL flic,  arterial  blood,  because  the 
fluid  part  has  been  partly  transferred  into  the  lymph.  There  is  found  in 
the  lymph  varying  percentages  of  albumen,  smaller  quantities  .of  extractives 
a small  proppijidlToTsaltsToirether  wllh'sHglit  traces  of  fatty  substances  with  a 
la<r-ge  percentage  ot  L U2  ana  only  a small  trace  of  oxygen.  In  a hundred 
parts  of  human  Iyin j5Ti  it  is  estimated  there  are  95  per  cent,  of  water  and  5 
per  cent,  of  solid  matter.  Of  this  5 per  cent,  of  solid -matter,  4 1-10  per 
cent,  of  albumen;  5-10  per  cent,  of  the  salts,  3-10  of  the  extractives  and  1 -10  the 
fibrin,  with  a trace  of  fat.  In  the  lymph  spaces,  capillaries  and  minute  ves- 
els  there  is  a large  percentage  of  water,  whereas,  in  the  larger  lymphatics 
there  is  an  increasing  percentage  of  solid,  the  number  of  corpuscles  increas- 
ing in  the  passage  through  the  lymphatic  glands.  The  pericardial  and 
peritoneal  fluids  are  also  lymph,  containing  at  times  less  and  at  times  more 
solid  matter  than  the  normal  lymph,  otherwise  presenting  the  normal  charac- 
teristics in  corpuscles  and  composition.  The  amount jof Jvmph  varies  from 
time  to  time  in  different-  re<>iaa_s  Active,  e.xcrrire — mm-eas^s-tke -flow  of 
.Jvmph,  as  also  the  hanging  of  the  hand,  . th.e_s..\\LQlle.n  appearance  resuLting 
from  ITieTii crease  in  lymph  and  blood  in  the  veins.  Similarly  the-skin  and  tis- 
sues  ma  ybecbme  shrunken  on  account  of  the  absence.of.the  lymph.  LnJU  hours 
it  is  estimated  that  lymph  is  formed  equal  to  1-10  of  the  body. weights  The 
lymph  is  so  important  in  sufficient  quantities  that  death  very  soon  super- 
venes if  the  lymph  loss  becomes  excessive,  so  that  its  existence  in  normal 

condition  and  its  circulation  are  necessary  for  life.  In  man  there  are  said 
to  be  no  lymph  hearts,  such  as  have  been  found  in  connection  with  the 
frog,  these  lymph  hearts  in  the  frog  giving  rise  to  certain  rhthmical  con- 
tractions. According  to  some  physiologists,  there  do  exist  lymph  hearts  in 
the  human  subject.  ■ Where  these  lymph  hearts  exist  they  consist  of  small 
dilatations  with  striated  muscle  fibres  in  the  walls.  Where  they  exist  their 
pulsation  is  not  in  any  way  connected  with  the  heart  beat.  In  connection 
with  the  lymphatics  unstriped  muscle  fibers  are  found  in  the  walls  and  it  is 
said  that  pulsations  take  place  in  connection  with  the  muscle  fibres  as  it  is 
more  probable  that  these  fibres  regulate  the  calibre  of  the  lymphatics  under 
the  influence  of  the  nervous  system. 

The  lymph  flows  with  a great  rapidity  through  the  thoracic  duct  into 
which  the  lymph  is  continuously  being  poured  from  the  smaller  lymph  ves- 
sels "and  also  from  the  lymph  spaces.  The  forward  movement  of  the  lymph 
depends  upOrfa  number  of  circumstances.  The  lvmph  moves,  as  we  have. 
segnbelore,  from  the  roots  of  the  vessels  toward  their  trunks  This  move- 
ment is  slow  as  compared  with  the  movements  of  the  blood:  hence,  it  is  es- 
timated by  the  Physiologists  that  in  the  lymphatics  of  TITe  neck,  for  ex- 
ample, the  lymph  flow  represents  4mm.  per  second.  We  have  four  circum- 
stances  or  conditions  that  influence  the,  movement  of  the.  lymph,  these  we 
will  specify:  1st  of  all,  the  valvular  arrangement  of  the  lymphatic  system, 
as  in  the  case  of  the  veins,  the  lymphatic  vessels  are  materially  influenced 
by  the  pressure  of  the  skeletal  muscles.  The  valves  of  the  lymphatic  sys- 
tem prevent  the  lymph  from  flowing  backward,  always  forcing  the  lymph 
forward  toward  the  venous  system  and  preventing  the  regurgitation  of  the 
lymph.  In  the  case  of  a divided  lymphatic  vessel  the  simple  motion  of 
bending  or  straightening  a limb,  produces  a profuse  discharge  of  the  lymph, 
this  discharge  being  due  to  the  pressure  exerted  by  the  muscles.  In  this 
way  muscular  movements  tend  to  increase  all  the  time  the  lymph  move- 
ment, along  the  lymphatic  path.  The  entrance  from  the  thoracic  duct  into 
the  venous  system  is  protected  also  by  a valve  so  that  the  lymph  must  flow 
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freely  in  one  direction  from  the  lymphatic  system  into  tne  venous  circula- 
tion and  the  blood  cannot  flow  from  the  venous  system  into  the  lymphatic 
system.  2d.  Lymph  pressure.  The  pressure  of  the  blood  in  the  capil- 
laries and  in  the  smaller  vessels  is  very  miichUanrer  than  in  the  larger 
arteries,  producing,  as  we  saw,  the  blood  (low  from  the  capillary  system  al- 
ways toward  the  heart.  In  the  lymph  spaces  the  lymph  alsojs.  subject  to 
considerable  pressure,  along  the  lymph  path,  also,  the  lymph  flow  in  effect- 
ively sustained  By  the  valves,  as  we  have  seen,  which  keep  it  up  in  one  di- 
rection. In  addition  to  this,  at  the  close  of  the  lymphatic  system  in  close 
proximity  to  the  venous  system  the  pressure  always  varies  from  a slight 
positive  to  a slight  negative.  In  the  lymph  spaces  where  lymph  originates, 
the  pressure  is  estimated  about  one  half  of  the  blood  pressure  in  the  capil- 
laries; that  is  from  12  to  27  mm.  of  mercury.  Along  the  lymph  path 
ther  is,  also,  a resistance  continuously  met  with,  causing  the  lymph 
to  accumulate  in  the  lymph  spaces  of  the  tissues.  This  accumulation  under 
the  influence  of  resistance  being  balanced  normally  by  the  muscular  activ- 
ity of  pressure  of  the  muscles  causing  the  steady  onward  flow  of  the  lymph 
along  the  lymphatic  path.  On  account  of  the  difference  in  the  pressure, 
between  the  blood  and  the  lymph,  in  the  capillary  system,  exudation  takes 
place  from  the  blood  to  the  lymph  spaces. 

This  pressure  which  causes  the  transudation  of  blood  from  the  blood 
into  the  lymph  spaces  marks  the  highest  point  in  the  lymph  pressure,  deter- 
mining, as  we  have  said,  the  origin  of  the  lymph  current  away  from  the 
lymph  spaces  that  are  found  in  the  tissues  toward  a lower  pressure,  which 
is  found  at  the  junction  of  the  lymphatic  and  the  venous  systems.  This  dif- 
ference in  pressure  at  the  origin,  and  at  the  close  of  the  lymphatic  current 
always  determines  the  lymph  flow  in  the  one  direction  toward  the  venous 
system.  3d.  The  Influence  of  Respiration.  At  £y;ery  inspiration  the  pres- 
sure  in  the  large  veins  near  to  the  heart  becomes  negative,  sucking,  asAve 
have  seen,  the  v'enoiis  blood,  always  toward  the  heart.  Side  by  side,  with 
this  suction  action  that  we  find  in  the  venous  system,  we  find  the  suction 
force  of  inspiration,  also  pulling  the  lymph  from  the  openings  of  the  thor- 
acic duct  and  the  right  lymphatic  duct  into  the  venous  system.  The  thoracic 
duct  lies  inside  the  thoracic  cavity  so  that  at  each  inspiration  the  duct 
becomes  somewhat  expanded, _TefEi’ng  up  in  this  way,  a certain  suction 
action  reaching  backward  to  the  lymphatic  vessels  that  are  outside  the 
thoracic  cavity,  and  always  tending  to  pull  the  lymph,  1st  of  all,  toward  the 
great  duct,  and  then  from  tTTe "great  duct  into  the  venous  circulation.  4TK. 
In  addition  to  these  three  influences  we  have,  also,  two  other  influences 
upon  which  Physiologists,  however,  are  not  fully  agreed.  These  two  influ- 
ences are,  (ist.)  The  pressure  arising  from  the  osmosis.  (2d.)  The  pres- 
sure arising  from  the  muscular  contractions  of  tile  lymphatic  walls.  The 
blood  pressure  in  the  capillaries  throws  out  the  fluid  as  we  have  seen,  into 
the  lymph  spaces,  thus  originating,  at  least,  the  lymph  flow  from  these 
lymph  spaces.  The  increase  of  blood  pressure  increases  at  the  same  time 
and  the  decrease  of  the  blood  pressure  decreases  at  the  same  time  the  cur- 
rent of  the  lymph,  so  that  the  flow  of  the  lymph  depends  largely,  it  not 
altogether,  on  this  origin  in  the  pressure  of  the  flow  in  the  capillaries.  The 
walls  of  the  lymph  vessels,  as  we  said  before,  are  muscular,  especially  at  the 
valvular  regions.  These  dilated  regions  are  said  to  contract  after  the  same 
fashion  as  the  heart  during  systole.  This  adding  to  the  force  which  drives 
the  lymph  always  onward  from  the  lymph  spaces  to  the  larger  lymph  ves- 
sels. These  movements,  however,  in  the  human  subject,  are  only  ideals, 
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because  so  far,  no  experiments  have  been  made  to  indicate  that  there  are 
•such  lymph  hearts. 

These  lymph  hearts,  as  vve  said  before,  do  exist  in  the  frog,  but  whether 
they  exist  in  the  human  subject  or  not  is  simply  a matter  of  theory.  From 
the  standpoint  of  theory  the  pulsation  of  these  lymph  hearts  seems  to  pre- 
sent a possible  explanation  of  a certain  amount  of  pressure  brought  to  bear 
upon  the  lymph  in  its  onward  movement. 

The  combination  of  these  influences  tends  to  produce  a steady  lymph 
flow  toward  the  larger  duct,  even  against  the  force  of  gravity,  this  flow  is 
steadily  maintained  from  the  lower  limbs;  especially  by  the  valvular  arrange- 
ment, preventing  a backward  flow.  It  is  also  supposed  by  some  Physiolo- 
gists that  from  the  analogy  of  the  blood  circulation  that  the  nervous  system 
exercisesjan  immediate  influence  on  the  distribution  of  the  lymph  and  in  its 
circulation  through  the  lymphatic  system.  This,  however,  has  not  yet  been 
demonstrated  by  physiological  experiments.  In  the  passage  from  the  blood 
to  the  lymph  there  are  two  characteristic  stages.  ( ist.)  The  passage  from 
the  blood  to  the  lymph  spaces  and  (2d)  The  passage  from  the  lymph 
spaces  to  the  lymph  vessels.  These  lymph  vessels  are  not  always  closely 
connected  with  the  blood  vessels.  Hence,  this  has  raised  a difficulty  in 
Physiology  to  explain  the  flow  of  the  lymph  out  of  the  spaces  into  the  lymph 
capillaries.  Attempts  have  been  made  by  some  Physiologists  to  apply  the 
principles  of  diffusion  and  of  filtration  to  the  passage  of  the  lymph  from 
the  lymph  spaces  into  the  lymph  vessels.'  The  passage,  however,  through 
the  vessel  wall  cannot  be  explained  either  by  principle  of  diffusion  or  by  the 
principle  of  filtration.  The  explanation  becomes  more  difficult  when  we 
consider  that  a double  passage  takes  place  between  the  blood  and  the  lymph 
spaces  and  between  the  lymph  spaces  and  the  blood,  indicating  that  in 
addition  to  a purely  physical  principle  of  diffusion  or  filtration  we  must 
always  take  account  of  the  Physiological  condition  of  the  vessel  walls. 
According  to  some  Physiologists  the  same  process  takes  place  in  the  pas- 
sage of  the  lymph  from  the  lymph  spaces  to  the  lymph  capillaries  as  takes 
place  in  the  passage  of  the  fluid  from  the  blood*  into  the  lymph  spaces. 
This,  however,  is  incorrect,  because  (there  are  openings  at  certain  points 
along  the  lymph  capillaries  into  the  lymph  spaces  forming  a direct  passage 
from  the  lymph  spaces  into  the  capillaries,  whereas,  there  are  no  openings 
between  the  blood  and  the  lymph  spaces  unless  through  the  walls,  as  we 
saw  before,  when  the  fluid  and  sometimes  the  white  corpuscles  and  some- 
times the  red  corpuscles  press  their  way  through  between  the  margins  of 
the  cells  which  line  the  walls  of  these  blood  vessels. 

The  quantity  of  lymph  varies,  the  tissues  demanding  in  certain  circum- 
stances more  lymph,  although  it  never  normally  exceeds  a certain  definite 
quantity,  I his  limit  may  be  exceeded  in  pathological  conditions  resulting 
in  oedema.  Oedema  may  be  produced  in  one  ol  two  ways:  an  excessive 
transudation  from  the  blood  into  the  lymph  spaces  or  by  some  obstruction 
to  the  transudation  from  the  lymph  spaces  to  the  lymph  capillaries.  In  the 
latter  case  an  obstruction  does  not  materially  affect  the  lymph-flow  as  the 
anastomosis  ol  the  lymph  vessels  like  the  venous  anastomosis  opens  up  a 
free  passage  for  the  lymph  in  another  path  toward  the  ducts.  Thus  the  real 
cause  of  oedematous  condition  is  excessive  transudation..  These,  however, 
belong  to  the  field  of  pathology.  1 he  importance  of  the  lymph  circula- 
tion is  evident  from  the  close  relation  it  bears  to  the  blood  circulation,  from 
the  amount  of  fluid  that  daily  passes  through  the  lymph  circulation,  and 


104 


THE  MOVEMENTS  ()]•'  THE  I.YMI’II. 


from  the  dangerous  effects  resulting  from  the  excessive  accumulation  of 
lymph. 

The  blood  circulation  depends  upon  certain  factors,  all  of  which  vary 
more  or  less,  the  heart-beat,  the  peripheral  resistance,  the  length  of  the 
sels  and  their  calibre,  the  elasticity' of  the  walls  and  the  valvular  mechan- 
ism. These' under  the  force  of  muscular  contraction  and  relaxation  an  dim  - 
der  the  influence  of  the.  nervous  system  keep  the  blood  in  proportional  dis- 
tribution and  normal  circulation  in  the  body.  The  quantity  and  quality  of 
the  blood,  also  exercise  an  influence  on  the  circulation.  It  seems  remarkable 
that  the  heart  should  go  on  continuously  resisting  temporary  irregularities 
and  overcoming  temporary  obstructions,  and  at  last  without  almost  any 
notice  cease  to  beat  and  suspend  life.  Each  heart-beat, -however,  involves 
an  effort,  and  the  effort  is  one  to  sustain  life  against  the  odds  presented  by 
all  the  resistances  of  the  system.  Thus  the  maintenance  of  life  through 
the  circulation  of  the  blood  with  the  analogous  circulation  of  the  lymph 
represents  the  most  important  factor  in  life.  When  we  add  to  this  the  in- 
fluence exerted  by  the  nervous  system  upon  the  circulation  keeping  up  the 
tonic  condition  of  the  vessels,  and  maintaining  the  distribution  and  circula- 
tion of  the  blood,  we  have  the  foundation  factors  of  the  life  in  the  human 
system.  Along  the  entire  blood  path,  then  move  influences  that  during  life 
are  constantly  playing  a most  important  part  in  the  upbuilding,  general  de- 
velopment and  continued  existence  of  the  human  life.  If  the  statement  of 
Dr.  A.  T.  Still  is  correct,  and  we  accept  it  with  all  the  force  of  his  life  study 
behind  it,  “that  a natural  flow  of  blood  is  health  ; and  that  disease  is  the  ef- 
fect of  a local  or  general  disturbance  of  blood,”  then  you  can  understand 
and  appreciate  the  reasons  that  have  led  us  to  devote  such  a large  portion 
of  our  time  to  the  exhaustive  study  of  the  blood  and  the  circulation,  and  at 
the  same  time  feel  that  when  we  have  completely  mastered  this  subject,  we 
have  laid  a solid  physiological  foundation  for  the  rest  of  physiology  and 
for  the  whole  science  of  Osteopathy, 


CHAPTER  IV.  RESPIRATION. 


Sl'CTION  I— The  General  Statement  in  Regard  to  Respiration- 

Respiration  is  essentially  an  interchange  between  the  gases  of  the  or- 
ganism anrPthe  gases  of  the  medium  in  which  the  organism  lives.  Oxygen 
Ts  essential  to  the  life  of  every  tissue,  whereas  carbon-dioxide  lsdestructiveof 
organic  life.  The  simplest  organism,  such  as  the  amoeba  and  the  infusoria 
when  deprived  of  oxygen  or  placed  in  a medium  that  is  over-charged  with 
carbon-dioxide,  become  exposed  to  death,  so  that  for  the  sustenance  ot 
these  simplest  forms  of  life,  fresh  oxygen  must  be  brought  into  the  system 
and  the  carbon-dioxide  must  be  removed  from  time  to  time  in  order  to  the 

preservation  of  the  organic  life.  , , . 

This  interchange  of  gases  takes  place,  constantly  mail  forms  of  animal  life, 
from  the  lowest  tothehighest.  Inthelower  organisms  in  which  the  structure 
is  very  simple  and  in  which  the  life  is  very  much  less  complicated,  no  com- 
plex mechanism  is  necessary,  because  these  simple  organisms  are  eithei 
directly  plunged  into  the  fluid  upon  which  they  live  or  have  certain  pas- 
sages throughout  their  system  in  which  the  fluid  passes  to  all  the  dilfeient 
parts  of  the  organism.  In  the  higher  organisms  in  which  the  fluid  cn di- 
lates throughout  the  system,  arrangements  are  necessary  for  an  interchange 
between  the  gases  that  are  found  in  the  fluid  and  the  gases  of  the  sunound- 
ing  substance  of  the  bodily  organs;  for  example,  the  trachea;  that  are  foun 
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distributed  throughout  the  bodies  of  insects,  the  gills  that  are  found  in  the 
fishes.  By  this  mechanism  the  air  is  brought  into  close  relation  with  the 
fluid  and  thus  introduced  into  the  organic  system,  causes  an  interchange. 
In  the  higher  forms  ot  life  we  have  differentiated  organisms  in  the  form  of 
sacs  with  tubes  communicating  with  the  surrounding  medium,  the  blood 
vessels  lining  the  walls  of  this  medium  and  furnishing  the  means  of  inter- 
change between  the  internal  and  the  external  gases. 

I his  sac,  which  is  found  very  small  in  the  lower  animals,  passes  into 
the  complicated  honey-combed  lung,  the  structure  of  which  is  of  such  a 
nature  that  cells,  with  minute  capillaries,  present  a large  surface  in  which 
this  gaseous  interchange  is  constantly  taking  place.  In  these  highest  forms 
of  animal  life  there  is  a definite  mechanism  involving,  muscular  movements 
and  nervous  action,  for  the  purpose  of  introducing  into,  distributing  in,  and 
expelling  the  air  of  the  gases  from  fhe  organs  of  respiration.  Thus  the  pro- 
cess of  respiration  becomes  more  complex  as  we  rise  in  the  scale  of  animal 
life.  In  amoebic  life,  the  amoeba  lives  in  the  fluid  saturated  with  gases.  In 
the  higher  forms  of  life,  definite  tracts  exist  for  the  admission  and  for  the 
distribution  of  the  gases,  either  directly,  or  as  in  the  case  of  the  fishes,  by 
the  admission  of  water  containing  in  this  case,  the  gases.  In  the  still  higher 
forms  ot  life,  as  for  example — in  the  frog,  there  is  a process  of  swallowing 
the  air,  by  which  the  air  is  forced  into  the  air  sacs,  while  in  the  case  of  man 
we  have  a complex  automatic  action  of  muscles  and  of  nerves,  playing  such 
a very  important  part  in  the  process  of  respiration.  The  object  of  respira- 
tion is  two-fold.  1st.  of  all,  to  take  in  a fresh  supply  of  oxygen,  such  as  is 
found  necessary  for  the  process  of  oxidation  in  the  human  body,  and  2nd. 
to  expell  the  carbon  dioxide  formed  within  the  bod}-.  In  the  complex 
organisms,  such  as  the  human  body,  the  phenomena  of  respiration  may  be 
divided  into  two  parts.  1st.  There  is  an  interchange  of  p-ases  which  takes 
place  between  the, blood  and  the  t is. sixes.  This  is  sometimesspoken  of  as 
niTTmal  or  inner  respiration.  2(1.  1 11  order  that  this  process  may  go  on  suc- 
cessfully, there  must  also  be  an  interchange  between"  the~  gases  T11  the' blood 
and  the  gases  of  the  surrounding  atmosphere.  In  this  way  external  air  is 
introduced  into, the  air  cells  of  the  respiratory  organ s.  This  interchange  is 
called  the  extmml^xuLihe  outer  respiratory  process  between  the  bloocPand 
fyi  gxtei jjftl  fttQlQsphci  c.  In  the  h um<in " subject  this  process  is  carried  on 
almost  entirely  in_mnnection  with  the  linnxs.  hence,  this  process  of  respira- 
tionjs  sometimes  called  pulmonary  respiration.  3d.  Tn  addition  to  these" 
there  is  a subsidiary  respiration  carried  on  in  connection  with  the  skin. 

I his  is  called  cutaneous  respiration. 

1 here  is  also  a respiration  carried  on  in  connection  with  the  intestines 
called  intestinal  respiration.  There  are  also  some  changes  that  take  place 
in  connection  with  some  other  organs,  but  these  are  of  minor  importance. 
Both  of  these  inter-changes  are,  in  the  main,  physical  processes  rather  than 
phsyiological,  because  they  are  due  to  the  mutual  diffusion  of  the  gases  and 
depend  but  slightly  upon  the  epithelial  cells  that  cover  the  surfaces  through 
which  the  passage  of  these  gases  takes  place.  The  respiratory  apparatus, 
theiefore,  111  the  human  subject,  consists  < >1  the  lol  lowing  mechanisms  • 1st 
1 he  lungs^with  a large  number  of  air  vesicts  and  ai7  cells  connected  together 
and  in  close  connection  with  a dense  plexus  of  blood  vessels.  2nd  The  air 
passages  leading  to  the  lungs  and  communicating  with  the  lungs.  The  air 
passages  mclude  the  jiosft  the  pharynx,,  the  Iarnvx,  the  trachea  and  the 
tffonghig  including  the  bronchioles,.  3d.  The  thorax  and  The  mTlTuTar 
mechamsms  connected  with  it,  by  which  the  lungs  are  filled  and  emptied 
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anti  4th.  The  nervous  mechanism  of  respiration.  <th.  and  last,  the  subsid- 
ery  function  -discharged  by  tlTeTfcin  and  by  the  Intestines  in  tTie  respiratory 
-process'. 

SECTION  [I. 


The  Respiratory  Apparatus. 

The  larnyx  is  made  up  of  several  parts,  forming  a cartilaginous  frame- 
work, the  different  parts  of  which  are  movable  upon  each  other  by  means  of 
certain  muscles.  There  are  three  single  cartilages:  the  thyroid,  the  cricoid 
and  the  epiglottis.  There  are  three  pairs  of  cartilages  -"the  arytenoid  and 
the  cartilages  of  Santorini  and  of  Wrisberg.  The  thyroid  consists  of  two  lat 
eral  plates  which  meet  one  another  at  an  angle  anteriorly  forming  the  prom- 
inence known  as  Adam’s  apple  and  leaving  between  them  posteriorly  a wide 
open  space.  The  cricoid  cartilage  placed  between  the  thyroid,  and  trachea 
is  shaped  like  a signet  ring,  the  deep  part  being  behind,  the  seal  projecting 
upward.  On  the  lateral  part  of  the  upper  border  of  this  seal  there  is  on 
each  side  an  open  surface  for  articulation.  The  external  surface  of  the  car- 
tilage is  smooth  in  front  but  at  the  sides  it  becomes  irregular  and  furnishes 
attachment  to  the  crico-thyroid  muscles  and  to  the  superior  constrictors  of 
the  pharynx.  The  epiglottis  is  a plate  of  yellow  elastic  cartilage  shaped 
like  a leaf,  the  narrower  lower  part  being  attached  to  the  deep  surface  of  the 
thyroid  cartilage  in  the  middle  line,  thebroad  upper  part  projecting  upward  at 
the  root  of  the  tongue.  In  swallowing,  this  part  is  pushed  downward  and 
backward  so  as  to  be  horizontally  over  the  superior  aperture  of  the  larynx. 
During  respiration  its  direction  is  vertically  upward,  the  free  surface  curving 
forward  toward  the  base  of  the  tongue.  It  is  covered  with  mucous  mem- 
brane, a continuation  of  the  lining  of  the  pharynx  and  two  folds  of  epiglot- 
idean  ligaments,  underneath  the  mucous  membrane  being  a number  of  small 
pits  in  which  are  lodged  small  glands  opening  on  the  mucous  surface. 

The  mucous  membrane  of  the  larynx  is  thin  and  pale  and  has  numer- 
ous glands  opening  on  the  surface,  except  at  the  upper  and  especially  at 
the  upper  lateral  part  and  over  the  true  vocal  cords,  where  it  is  squamous, 
the  epithelium  being  ciliated  and  columnar.  The  mucous  membrane  is 
continuous  below  with  that  of  the  trachea;  as  it  ascends  it  turns  inward  to 
pass  over  the  edges  of  the  true  vocal  chords.  Again  it  passes  outwards  and 
then  ascends  a short  distance  on  each  side  forming  a fold,  each  told  over- 
hanging the  true  vocal  chord,  and  forming  the  false  vocal  chords.  The 
true  vocal  chords  are  bands  of  elastic  tissue  covered  with  mucous  mem- 
brane this  mucous  membrane  being  very  thin  and  adhering  closely  to  the 
elastic  bands.  The  false  vocal  chords  are  simply  folds  of  mucous  mem- 
brane. The  superior  aperture  of  the  larynx  is  triangular  in;  shape,  wide  in 
front  where  it  is  bounded  by  the  epiglottis,  and  narrow  behind  ''here  it  i> 
limited  by  the  tops  of  the  arytenoid  cartilages  and  the  cormcula  larvngis. 
The  sides  of  the  superior  aperture  are  formed  by  the  aryteno-epiglotti- 
dean  folds  which  slope  downwards  and  backwards  from  the  sides  ot  the  epi- 
glottis. .The  superior  aperture  is  closed  during  swallowing  by  the  bending 
backwards  over  it  of  the  epiglottis  on  the  deep  surface  of  which  in  the  mid- 
dle line  is  the  cushion  of  the  epiglottis  by  which  the  accurate  closure  of  the 
epiglottis  is  secured.  The  larynx  is  abundantly  supplied  with  blood  vessels 
constituting  a plexus  in  the  sub-mucous  coat,  out  of  which  arise  a large 

number  of  delicate  capillaries  extending  down  beneath  the  epithelium^  In 

addition  there  are  two  plexuses  of  lymphatic  vessels,  the  one  very  delicate 
underneath  the  epithelium  and  the  other  less  delicate  underneath  the  blood 
capillaries  The  nerves  terminating  in  terminals  pass  through  small  glang 
onic  centers,  forming  connections  with  the  nerve  fibers  entering  the  pharynx. 
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The  Trachea. — The  trachea  or  the  wind-pipe  as  it  is  sometimes  called 
is  cartilaginous  and  membranous  tube.  It  passes  downward  in  the  middle 
line  from  the  cricoid  cartilage  about  4 ]/%  inches  and  then  bifurcates  to  form 
the  two  bronchi,  one  for  each  lung,  the  cliyision  taking  place  about  tlieTevel 
of  the  upper  border  of  the  4th  dorsal  vertebra.  The  diameter  of  the  trachea 
is  from  % of  an  inch  to  1 inch.  ITT frontand  at  the  side  the  trachea  is  firm 
and  resistant,  this  resistance  being  due  to  the  presence  of  the  transverse 
bands  of  cartilage.  Those  transverse  bands  of  cartilage  form  imperfect 
rings  ; the  deficiency  in  those  rings  being  behind  where  there  is  found  a nar- 
row compressible  membranous  portion  of  the  trachea.  Those  imperfect 
rings  are  from  16  to  20  in  number  along  the  course  of  the  trachea  and  some- 
times they  present  a bifurcated  appearance.  Those  rings  are  joined  togeth- 
er by  a coat  which  contains  a medium  proportion  of  elastic  fibers.  On  the 
deep  surfaces  of  this  fibrous  coating  there  are  also  found  fibers  of  un- 
striped muscles,  these  fibers  being  arranged  transversely.  Within  that 
fibrous  coat  is  the  sub-mucous  coat  in  which  are  found  a number  of  small 
mucous  glands.  The  bronchi  correspond  in  structure  with  the  trachea.  The 
right  bronchus  is  wider,  shorter  and  more  nearly  horizontal  than  the  left 
bronchus.  The  bronchi  entering  into  the  lungs  branch'  again  and  again 
forming  finer  and  more  delicate  bronchioles,  each  of  which  ends  in  a dilata- 
tion;  this  dilatation  being  called  the  infundibulum.  Changes  take 
place  ih  the  structure  of  the  air  tubes,  as  by  this  repeated  process  of  branch- 
ing they  become  narrower  until  they  terminate  in  the  infundibulum.  The 
fibrous  coating  of  these  branches  become  thinner  and  thinner  as  the  branch 
becomes  smaller,  and  very  distinct  bundles  of  longitudinal  yellow  elastic 
fibers  are  found  developing.  The  cartilage  is  found  in  small  plates  so  ar- 
ranged that  together  -they  completely  surround  the  tube,  making  it  quite 
cylindrical  in  shape.  These  plates  of  cartilage  gradually  become  smaller 
and  in  the  minute  capillary  bronchiole  tubes  they  have  entirely  disappeared. 
The  transverse  muscular  fibers  form  a laver  all  around  about  the  inside  of 
the  tube  inside  of  the  cartilage,  in  the  very  finest  tubes  the  muscle  also,  has 
entirely  disappeared.  The  mucous  membrane  also  gradually  becomes  thin- 
ner and  more  delicate  as  the  tubes  become  smaller,  but  it  still  retains  its 
columnar  ciliated  epithelium  until  just  before  the  tube  expands  into  the 
infundibulum,  where  we  have  patches  of  squamous  epithelium. 

Each  of  these  finer  bronchioles  presents  near  to  its  termination,  small 
recesses  leading  out  from  it,  called  the  air  cells.  The  tube  ends  in  an 
inversely  funnel-shaped  (Expansion,  known  as  the  infundibulum.  This 
infundibulum  consists  of  a portion  of  the  expanded  tube,  into  which  there 
open  a number  of  air  cells.  These  air  cells  have  a wall  of  elastic  tissue, 
lim-d  by  an  epithelium  of  large,  thin,  flat  cells.,  with  smaller  fiat  cells  lying 
between  those  cells.  Beneath  this  epithelium  there  is  an  extremely  dense 
network  of  capillaries.  The  septa,  between  the  adjacent  air  cells,  are  com- 
posed of  a double  layer  of  epithelium.  Between  these  layers  there  is  a 
sinf>rlt:  1.av.^r  of  capillaries,  the  blood  in  these  capillaries  being  exposed  to 
the  action  of  the  air  on  each  side.  The  lungs  are  made  up  of  bronchial 
tubes  ending  in  the  infundibulum,  held  together  by  connective  tissue,  which 
contains  some  pigmented  corpuscles,  and  in  which  we  find  running  blood 
vessels,  nerves  and  lymphatics.  The  infundibula,  or  ultimate  lobules,  are 
there  joined  together  into  larger  lobules,  the  outlines  of  which  can  be  dis- 
tinguished on  the  surface,  and  these  lobules  may  be  dissected  from  one 
another  in  the  foetal  lung.  The  lung  surface  proper,  is  divided  by  connect- 
ive tissue  into  a large  number  of  small  lobules.  The  connective  tissue 
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between  the  lobulees  is  continuous,  with  a thin  layer  of  connective  tissue, 
containing  numbers  of  elastic  fibers  immediately  below  the  pulmonary 
pleura.  The  inter-lobular  connective  tissue  is  highly  developed  in  the  case 
of  children.  The  right  lung  is  the  larger,  the  hmndi-r  and  the  shot-o  r of 
the  two,  The  blood  for  the  nourishment  of  the  lung  substance  reaches  the 
Tung  by  the  bronchial  artery,  and  is  returned  by  the  bronchial  vein,  branch- 
ing out  from  this  bronchial  artery,  we  find  minute  vessels  extending  along 
the  whole  course  of  the  bronchi,  the  bronchioles,  the  air  vesciclcs  and  the 
infundibula,  forming  capillary  plexuses,  beneath  the  epithelium.  The 
minute  veins  arise  around  the  sides  of  the  air  cells,  running  along  the  sides 
of  the  air  cells  and  then  uniting  together  to  form  larger  vessels  pouring  into 
the  pulmonary  veins.  Each  lung  is  completely  invested  with  a serous  mem- 
brane, the  pleura,  the  viscral  layer  of  this  membrane  being  adherent  to  the 
surface  of  the  lung,  the  parietal  layer  being  reflected  from  what  is  called  the 
root  of  the  lung,  where  the  bronchus  and  the  blood  vessels  enter  into  the 
walls  of  the  chest,  the  outer  surface  of  the  pericardium,  and  the  upper  hur- 
face  of  the  diaphragm.  Beneath  this  coat  there  is  a rich  plexus  of  lymphat- 
ics which  communicates  with  the  deeper  plexus  in  the  connective  tissue, 
binding  together  the  small  lobules. 

From  these  lymphatics  there  arise  vessels  which  run  along  with  the 
bronchi  and  convey  the  lung  lymph  to  the  bronical  glands.  Nerve  branches 
from  the  pneumogastric  and  the  sympathetic  are  found  scattered  over  the 
lungs,  collected  together  in  numerous  ganglia,  the  minute  branches  being 
distributed  to  the  muscle  tissues  of  the  minute  blood  vessels  and  to  the  walls 
of  epithelium  found  on  the  surface. 

SECTION  III— Mechanism  of  Respiration,. 

The  movements  in  respiration  consist  of  certain  rhythmic  changes, 
these  rhythmic  changes  taking  place  in  the  thorax  partly  caused  by  contrac- 
tion and  relaxation  of  the  murcles  and  partly  dependent  upon  the  elastic 
character  o{  the  organs.  The  thorax  is  a closed  box  containing  two  elastic 
bags  which  communicate  with  the  external  atmosphere  by  means  of  the  com- 
mon tube,  the  trachea.  The  lungs  then  form  two  large  sacs  divided  up  into 
portions  or  sections,  each  of  which  constitutes  a small  air  vessel.  These 
small  vessels  vary  in  size,  the  average  diameter  being  about  i-ioo  part  of  an 
inch.  Each  air  cell  has  -baft  communication  with  the  small  bronchioles, 
these  uniting  in  their  common  communication  with  the  trachea.  It  is  esti- 
mated that  in  normal  human  beings  there  are  between  seven  and  eight 
hundred  million  of  these  minute  vessels,  representing  a superficial  area  open 
to  the  air  in  the  lungs  of  200  square  meters.  In  addition  to  this  vast  sur- 
face, the  wall  of  each  air  vessel  represents  a septum  dividing  the  air  from 
the  blood  in  the  capillaries,  representing  a vast  vascular  surface  estimated 
at  about  1 50  square  meters.  As  the  thorax  is  a vacuum,  the  pressure  of  the 
air  inside  the  lungs  stretches  and  expands  these  elastic  structures  so  that 
they  are  always  pressed  against  the  thoracic  walls.  An  increase  in  the  vol- 
ume of  the  thoracic  c.avity  is  followed  by  an  expansion. and  a decrease  in  the 
volume  pf  the  thorae'e  cavity  is  followed  by  a contraction  of  the  lungs.  1 he 
visceral  and  parietal  layers  ol  the  pleura  are  thus  kept  in  contact  with  one 
another.  The  fact  that  the  lungs  are  always  stretched  is  shown  b\  what 
takes  place  when  air  is  admitted  into  the  cavity  .ol  the  thorax  (the  pleura). 
Under  such  circumstances  the  atmospheric  pressure  exerts  its  influence  upon 
the  external  surfaces  (the  pleural)  and  upon  the  internal  surfaces  of  the 
lungs  (the  bronichal  tubes  and  air  cells.)  1 his  elastic  bag  then  collapses, 
leaving  the  pleural  sac  full  of  air  and  indicating  a condition  which  patho- 
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logically  is  known  as  pneumothorax.  By  the  activity  of  the  respiratory 
muscles,  the  chest  capacity  is  extended  on  all  sides. 

This  results  in  a greater  atmospheric  pressure  than  that  upon  the.  ex- 
ternal surface  of  the  lungs,  and  thus  there  is  forced  into  the  air  passages  of 
the  lungs,  a certain  quantity  of  air  which  physiologically  is  called  the  new 
or  tidal  air  until  the  pressure  becomes  equilibrated,  the  air  remaining  in  the 
lungs  normally  being  called  the  stationary  air. 

Iiispiration  is  primarily  a muscular  action.  In  expiration  the  relax- 
ation of  the  muscles,  the  lungs  and  the  thoracic  wall,  on  account  of  their 
elasticity  assisted  by  muscular  contraction,  causes  the  chest  to  recoil  into  its 
former  position.  Thus  the  internal  pressure  of  the  lungs  becomes  greater 
than  the : external  pressure  andTffiTair  is  forced  out  through  the  trachea. 
Expiration,  therefore,  is  not  purely  a muscular  action  but  a result  of  the 
L'lastu'  structure  of  the  organs.  Inspiration  and  expiration  act  together  and 
these  two  stages  constitute  respiration.  If  the  thoracic  cavity  is  punctured 
after  death,  the  lungs  at  once  collapse,  leaving  a large  vacuum  between  the 
lungs  and  the  thoracic  walls.  This  is  due  to  the  loss  of  elasticity  which  is 
found  in  the  lungs  when  in  normal  life.  During  life  the  lungs  are  never 
completely  exhausted  of  air,  the  air  always  lodging  in  the  air  cells.  By  in- 
flation of  the  lungs  they  always  tend  to  shrink  so  that  they  exert  an  influ- 
ence upon  the  chest  walls,  depending  upon  the  amount  of  distension,  giving- 
rise  to  the  negative  pressure  which  always  exists  in  the  thoracic  cavity,  that 
is,  the  pressure_al_ways  below  the  atmospheric  pressure  which  considerably 
influences  as  we  have  seen,  the  blood  flow  toward  the  heart.  If  the  thoracic 
cavity  is  punctured  upon  one  side  only,  then  the  one  lung  gives  up  its  act- 
ivity, resulting  in  the  difficulty  of  breathing.  If  the  other  side  is  also 
punctured  both  lungs  give  up  and  hence  we  have  asphyxia,  because  there  is 
no  lung  expansion,  the  internal  and  the  external  pressure  being  equalized 
The  normal  condition  of  the  lungs,  therefore,  is  that  of  partial  distension. 
In  line  with  this  idea,  respiration  never  reaches  its  maximum  of  expan- 
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cula!  activity^  Likewise,  respiration  never  reaches  its  minimum  of  contrac- 
tion, for  the  supplemental  ajjr.  can  be  forced  out  by  muscular  contraction. 

Even  in  this  latter  case  where  considerable  volume  of  air  is  expelled 
there  is  always  left  what  is  called  residual  air.  Partial  dilation,  therefore’ 
is  the  normal  condition  of  the  lungs.  There  is  constantly  an  elastic  con- 
flict between  the  pulmonary  and  parietal  pleurae,  but  this  in  normal  condi- 
tions never  results  in  the  destruction  of  either  of  these  because  the  air 
cannot  penetrate  the  pleural  cavity.  In  the  case  of  the  puncture  of  the 
chest  wall  the  air  penetrates  the  pleural  cavity,  the  result  being  the  separa 
tion  of  the  pulmonary  and  the  parietal  pleurae,  thus  forcing  out  the  nii- 
th rough  the  trachea. 

Even  in  such  conditions  There  still  remains  a residual  portion  of  air 
lnsjde  the  lungs,  the  infundibula  whose  walls  are  soft  retaining  the  air 
passed  from  the  minute  bronchioles.  If,  however,  the  air  still  freely  comes 
into  contact  with  the  lungs,  the  air  becomes  absorbed,  then  the  lung  verv 
soon  loses  the  distended  character  and  becomes  hard.  In  the  case 
of  ^ pleural  puncture  the  air  is  driven  out  of  the  cavity,  not  through 
the  lung  at  all  but,  of  course,  through  the  opening  if  the  fir 
does  not  enter  the  pleural  chamber  or  if  some  Obstruction  blocks 
the  puncture  then  the  lungs  may  be  normally  distended  until  the  puncture 
is  healed  without  any  g.  ;at  interference  with  respiration.  In  the  fcetal  life 
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there  is  no  air  in  the  lungs,  the  lungs  being  in  a condition  that  we  speak  of 
as  atelectasis,  airless.  The  air  cells  in  this  condition  have  not  yet  expanded. 
Those  air  cell  walls  are  lined  with  nucleated  cells  and  well  rounded  cell 
substance,  those  cells  being  adhesive,  no  cavity  having  formed  during  foetal 
life.  The  small  bronchial  walls  also  adhere  to  one  another  while  the  larger 
bronchial  tubes  and  the  trachea  have  a distinct  tubular  cavity,  this  cavity 
being  filled,  not  with  air,  but  with  fluid,  that  is,  in  the  foetal  life.  The  lungs 
in  the  child  are  in  close  proximity  to  the  chest  walls  being  separated  only 
by  the  pleural  membranes.  At  the  birth  of  the  child  the  first  volume  of  air 
is  admitted  to  the  trachea  and  the  larger  bronchi  passing  with  considerable 
force  into  the  bronchioles  and  the  air  cells  of  the  lungs,  thus  separating  the 
walls  and  filling  up  the  distended  cavities.  A large  quantity  of  the  first 
inspired  air  in  the  new  born  child  remains  within  the  air  cells  and  the  air 
passages  and  it  is  only  later  when  they  become  dully  distended  that  the 
expiratory  process  begins,  the  complete  respiration  being  then  established. 
Although  the  lungs  are  very  elastic  they  cannot  expell  all  the  air  out  of  the 
lungs  because  the  air  pressure  on  the  internal  surface  is  greater  than  the 
elasticity  of  the  lungs  and  the  elasticity  of  the  chest  walls.  This  pressure 
can  be  measured,  and  has  been  measured  by  a number  of  Physiologists.  In 
the  dead  subject,  for  example,  the  manometer  can  be  connected  with  the 
trachea.  When  the  collapse  takes  place  in  the  lungs,  then  the  mercury  in 
the  manometer  will  be  found  to  rise.  Donders,  a Physiologist,  who  has 
devoted  considerable  time  to  this  subject,  found  the  pressure  under  these 
circumstances  to  be  from  two  to  three  mm.  of  mercury.  During  life  this 
pressure  is  much  greater  and  it  is  estimated  that  during  life  it  is  about  7P2  mm. 
of  mercury,  6 mm.  at  the  close  of  a quiet  expiration  and  9 mm.  at  the  close 
of  a quiet  inspiration;  that  is,  this  pressure  represents  about  1- 100  part  of  the 
atmospheric  pressure.  In  the  case  of  complete  forcible  distension  of  the 
chest  the  pressure  was  found  to  be  much  greater,  estimated  to  be  about  1-25 
of  the  pressure  of  the  atmosphere  or  about  30  mm.  of  mercury. 

Thus,  the  pressure  upon  the  heart,  and  large  arteries  and  veins,  and  the 
other  organs  inside  the  thoracic  cavity  would  be  754  mm.  at  the  close  of  a 
quiet  expiration,  and  751  mm.  at  the  close  of  a quiet  inspiration.  In  the  t 
living  subject  the  expelling  force  is  greater,  because  the  muscular  fibers  of 
the  bronchi  aid  the  elasticity  of  the  lungs.  This,  however,  is  small  com- 
pared with  the  pressure  of  the  lung  elasticity  itself.  By  introducing  the 
manometer  into  the  trachea  of  the  animal,  through  a lateral  opening  there 
has  been  found  normally  a negative  pressure  during  inspiration.  This  nega- 
tive pressure  being  indicated  by  the  fall  of  mercury  in  the  manometer  and, 
on  the  other  hand,  a positive  pressure  during  expiration  indicated  by  the 
rise  of  the  mercury  in  the  manometer.  The  same  negative  and  positive 
pressure  may  be  found  by  introducing  the  manometer  into  the  trachea 
through  the  mouth,  or  the  nostril,  the  amount  of  pressure  being  determined 
by  the  strength  of  the  inspiration,  and  by  the  strength  of  the  expiration. 
The  negative  pressure,  therefore,  increases  according  to  the  depth  ot  the 
inspiration,  that  is,  according  to  the  extent  of  the  lung  expansion.  During 
expiration  it  returns  to  the  normal  at  the  beginning  of  the  stage  ot  inspira- 
tion. The  internal  pressure  of  the  chest  cavity  is  called  the  intra-th oracic 
pressure,  and  it  differs  from  the  pressure  inside,  the  lungs,  this  pressure 
being  called  the  respiratory  pressure.  The  thoracic  cavity  may  be  enlaiged 
on  all  sides.  Ideally  it  forms  a cone,  the  apex  of  the  cone  being  placed  at 
the  neck,  and  the  base  of  the  cone  resting  upon  the  diaphragm,  the  sides  ot 
the  cone  being  represented  by  the  intercostal  and  the  other  muscles  o 
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respiration  together  with  the  ribs,  the  sternum  and  the  vertebrate  column. 
On  account  of  this  an  enlargement  of  the  thoracic  cavity  lessens  the  pres- 
sure upon  the  lungs  while  a diminution  of  the  thoracic  cavity  increases  the 
pressure  upon  the  lungs,  these  conditions  favoring  the  inflow  and  outflow  of 
air  through  the  trachea,  which  is  the  only  opening  between  the  air  and 
the  lungs.  This  is  the  condition  normally  found  in  inspiration  and  in  expir- 
ation. When  the  thoracic  cavity  enlarges  the  elasticity  of  the  lungs  yields, 
following  as  it  were,  the  traction  action  of  the  chest,  the  two  being  in  close 
apposition,  and  only  separated  from  one  another  by  the  two  pleural  layers. 

The  spirometer  has  been  made  use  of  by  some  Physiologists,  to  meas- 
ure the  greatest  amount  of  air  that  can  be  forced  out  of  the  lungs  by  the 
strongest,  expiration,  accompanying  of  course  the  deepest  possible  inspira- 
tion. The  amount,  as  estimated  by  the  Physiologists,  varies  from  2000  to 
4000  cubic  centimetres,  of  this  amount  about  500  cubic  centimentres  repre- 
sent tidal  lair,  or  the  new  air  taken  in  at  each  inspiration.  From  750  to  1000 
representing  the  supplemental  air,  750  to  1000  representing  complemental  air 
and  about  1400  cubic  centrimetres,  the  residual  air.  All  of  these  combined 
together  constitute  what  is  called  the  vital  capacity  of  the  lungs,  that  is,  the 
sum  of  the  tidal  complemental,  the  supplemental  and  the  residual. 

Inspiration. — In  inspiration  the  cavity  of  the  thorax  is  enlared  in  two 
ways.  1st  of  all,  it  i£en larged  vertically.  The  vertical  diameterhs  increas- 
ed by  the  contraction  and  the  descent  of  the  diaphragm,  the  anterior 
abdominal  walls  in  this  case,  protruding.  In  the  human  subject,  the  dia- 
phragm is  a partition  wall  separating  the  thorax  from  the  abdomen,  ellip- 
tical in  shape,  the  convex  part  being  direct  toward  the  thorax.  On  the  con- 
traction of  the  muscular  fibers,  the  middle  part  of  the  diaphragm  descends 
and  the  dia  phragm  becomes  flattened.  From  the  sides  the  diaphragm 
descends  further  than  from  the  central  part.  The  cardiac  portion  of  the 
diaphragm  is  said  to  descend  from  5 to  1 1 mm.  during  normal  inspiration. 
The  arch  is  thus  diminished  in  its  height  and  on  account  of  the  attachment 
the  first  three  lumbar  vertebrae,  to  the  lower  six  costal  cartillages  and  the 
adjacent  parts  of  the  ribs  there  is  always  a tendency  to  pull  in  and  also  to 
pull  up  these  lower  ribs  and  also  the  costal  cartlages,  together  with  the 
lower  end  of  the  sternum.  This  is  compensated  for  by  the  abdominal 
pressure.  After  the  contraction  of  the  diaphragm  there  is  a negative  pres.- 
sure  in  the  thoracic  cavity,  this  pressure  d r i v i n g the  diaphragm  upward  to 
th<^jiormal  position  m which  the  lower  part, of  the  diaphragm  is  in  close 
proximity  to  the  .chest  walls.  This  pressure  downward  is  transmitted  to 
thegdxlonu-n,  especially  to  theTinterior  abdominal  wall,  producinga  bulging 
outward  and  thus  enlarging  the  thoracic  cavity  vertically  durihg.  thej pro- 
cess of  inspiration.  '2nd.  The  cavity  of  the  thorax  is  also  enlarged  antero- 
pqsteriofly  amlpransversely  by  the  elevation  and  rotation  on  the  .lanteco- 
posterior  axis  of  the,  ribs  .and  hv  the  carrying  forward  of  the.  stern  uni. 
These  movements  are  the  result-of  muscular  .contractions.  As  the  thorax 
enlarges  the  lungs  also,  necessarily  enlarge  otherwise  there  , would  be  left 
a vacuum  between  the  'pulmonary  and  the  parietal  lavers  oF  the" pleurae. 
This  increased  expansion  of  the  lungs,  means  tin;  rarefaction  of  the  gases 
that  aic'coi  > fmhed  within  the  lungs,  that  is,  the.  pressure  of  the  gas  inside 
the  lungs  falls  below  the  pressure  of  the  gas  of  the  external  atmosphere. 
The  external  atmosphere  rushes,  down  the  traehe'a  until  the  equilibrium-,  is 
restored  between  the  internal  and_the  external.  These  two  main  causes  of 
the  enlargement,  the  descent  of  the  diaphragm  and  the  elevation  of  the 
ribs  give  us  respectively  the  two  kinds  of  breathing,  said  to'  be  character1 
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>stic  diaphragmatic  breathing,  characteristic  of  the  male  and  costal  breath- 
ing chai actcristic  of  the  female.  Physiologists  have  found  out  that  both  of 
these  chaiactei istic  lorms  ot  breathing  arc  really  present  in  every  respira- 
t'ion,  the  one,  however,  prevailing  over  the  other  in  the  one  case.  These 
differences  it  is  said  by  some  Physiologists  depend  upon  the  difference  in 
sexes.  This,  however,  is  untrue.  The  difference  in  breathing  does  not 
reaHyde^end  upon  difference  in  sex,  but  as  has  been  said  upon  heredity 
upon  difference  in  the  female  costume  as  compared  with  the  male  costume. 
That  this  point  is  true  is  evident,  for  in  the  case  of  children  of  both  sexes 
there  is  no  difference  in  the  form  of  breathing.  The  diaphragmatic  char- 
acteristic male  breathing  being  found  in  all  children.  The  lowering  of  the" 
diaphragm  is  mainly  due  to  the  muscular  contraction.  The  elevation  of 
the  ribs  and  their  rotation  howeverare  more  complicated. 

• In  the  diaphragmatic  breathing  the  vertical  diameter  is  increased  with, 
a slight  increase  in  the  antero-posterror  diameter.  In  the  costal  breathing, 
on  the  other  Hand,  the  antero-posterior  and  the  transverse  diameters  are 
increased  by  the  movements  of  the  upper  ribs  raised  by  the  scaleni  muscles, 
producing  what  is  characteristic  of  that  form  of  breathing,  the  heaving  of 
the  chest, The  diaphragmatic  breathing,  in  this  case,  being  reduced  to  a min- 
imum. In  the  case  of  abdominal  tumors,  the  breathing  is  thrown  up  into 
the  clavicular  region  of  the  chest.  In  the  adult  life  the  antero  posterior 
diameter  is  estimated  at  165  mm.  in  the  upper  portion,  and  190  mm.  at  the 
base;  the  transverse  diameter  at  the  axillae  in  the  male  is  260  mm.  and  in 
female  240  mm.  In  the  case  of  the  antero  posterior  and  transverse  enlarge- 
ments of  the  chest  the  enlargements  take  place,  as  we  said  before,  largely 
by  the  movement  of  the  ribs.  These  ribs  may  be  considered  as  radii  mov- 
ing on  the  vertebral  arthrosis  as  a center.  At  rest  the  rib  is  obliquely  di- 
rected from  the  spine  toward  the  sternum.  When  it  moves  freely  its 
sternal  attachment  moves  forward  more  horizontally  further  away  from  the 
spinal  center.  As  all  the  ribs  have  a slanting  direction  downward,  on  being 
raised  they  push  the  sternum  forward  ; this  forward  movement  being 
more  or  less  according  to  the  length  of  the  ribs.  The  frontal  surface  of  the 
chest  is  thus  pushed  forward  and  also  upward  according  as  the  ribs  are  ele- 
vated. The  rib  arch,  therefore,  increases  from  the  first  to  the  seventh  ribs, 
the  elevation  of  the  lower  ribs  thus  increasing  the  antero  posterior  diame- 
ter and  also  the  transvere  diameter,  thus  making  provision  fora  very  con- 
siderable enlargement  of  the  chest.  This  elevation  of  the  ribs  takes  place 
by  means  of.  muscles.  The  muscles  that  are  concerned  in  ordinary  inspira- 
tion are  the  diaphragm,  the  external  intercostals,  some  Physiologists  also 
say  the  internal  intercostals,  the  levatores  costarum,  the  serrati  postici 
muscles,  both  the  inferior  and  the  superior  and  also  to  some  extent,  the 
scaleni  muscles.  Aside  from  the  diaphragm  the  external  intercostals  are 
the  most  important  in  connection  with  inspiration.  The  act  of  elevation 
over  the  entire  chest  is  greatly  assisted  by  the  fact  that  the  second  rib  is 
more  movable  than  the  first  rib,  thus  furnishing  a more  solid  base  upon 
which  the  muscular  action  rests.  Each  rib  in  turn  from  the  first  onwards 
supporting  the  next  rib  the  scaleni  acting  as  an  additional  base  of  support 
for  the  first  two  ribs,  forming  a solid  foundation  for  the  action  of  the  exter- 
nal intercostals.  In  this  way  there  is  formed  a very  solid  base  for  the  ac- 
tion of  the  external  intercostal  muscles. 

In  deep  inspiration  the  sterno-mastoid  raises  and  supports  the  first  two 
ribs,  by  pulling  up  the  sternum  and  fixing  the  clavicle  so  as  to  form  a solid 
foundation  for  the  musculsr  action  of  the  chest.  The  serratus-posticus 
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superior  also  raises  the  upper  ribs,  fixing  the  2cl  rib,  and  raising  the  3d,  4th, 
and  5th  ribs,  the  serratHs-posticus  inferior  aiding  the  diaphragm  by  drawing 
the  lower  four  ribs  backward,  and  in  deep  inspiration  downward;  .the  quad- 
ratic lumborum  and  the  other  muscles,  by  depressing  and  fixing  the  lower 
ribs  form  a solid  basis  for  the  contraction . of  the  diaphragm,  and  thus, 
materially  assist  in  deep  inspiration.  The  intercpstals,  according  to  some 
Physiologists,  aid  in  inspiration;  according  to  others,  the  parts  of  the  inter- 
costals  between  the  sternal  cartilages  act  as  inspiratory  muscles,  while  those 
parts  between  the  ribs  act  as  expiratory  muscles.  According  to  other  Physi- 
ologists the  intercostals  take  no  part  in  inspiration,  simply  acting  as  strength- 
ening muscles,  to  render  the  intercostal  spaces,  and  the  whole  of  the  chest 
cavity,  firm  and  solid,  giving  tension,  therefore,  to  the  intercostal  spaces. 

In  forced  inspiration  certain  other  muscles  are  brought  into  play,  for 
example,  the  scaleni  muscles,  give  a firm  support  to  the  first  two  ribs.  The 
serratus-posticus  superior  gives  fixity  to  the  3d,  4th,  and  5th  ribs,  and  by 
-their  contraction,  the  contraction  of  the  scaleni  and  serrati  being  vigorous, 
they  raise  those  ribs.  The  false  ribs  become  lowered  and  then  fixed,  adding 
support  to  the  diaphragm  so  that  it  vertically  enlarges  the  chest,  In  arti- 
ficial respiration  and  in  forced  respiration,  with  the  fixation  of  the  upper 
limbs,  the  pectoralis  minor,  the  serratus  magnus  and  the  ilio-costalis  aid  in 
inspiration,  elevating  the  ribs,  and  thus  increasing  the  size  very  materially 
of  the  thoracic  cavity.  In  fact  all  the  muscles  of  the  body  which  can  either 
raise  the  ribs  or  aid  in  fixing  the  other  muscles,  are  brought  into  play  in 
forced  inspiration. 

Expiration. — In  normal  expiration  the  walls  of  the  chest  and  of  the 
lungs,  as  we  said  before,  recoil.  In  inspiration  the  lung  tissue  is  stretch' -d.' 
this  tension  continuing  as  long  as  the  muscle  contraction  lasts.  As  soon  as 
the  inspirator)-  muscles  relax,  the  elasticity  of  the  lungs  comes  into  action 
and  drives  out  a quantity  of  the  air.  This  expulsion  being  due,  not  to  mus- 
cular action  but  to  the  elastic  recoil  of  the  muscles.  By  the  ascent  of  the 
diaphragm  and  the  springing  back  of  the  ribs  to  their  normal  position,  the 
cavity  of  the  thorax  is  decreased.  The  lungs,  therefore,  during  expiration 
occupy  a much  smaller  space  than  before  during  inspiration.  This  means 
then,  that  their  contained  gases  must  occupy  a smaller  space  than  they  did 
during  inspiration. 

Hence  the  pressure  inside  the  lungs  becomes  greater  than  tne  pressure 
of  the  external  atmosphere.  The  gas  under  this  pressure  rushes  out  of  the 
lungs  through  the  trachea  in  order  that  a state  of  equilibrium  may  be  re- 
gainetL  Inspiration,  as_  we  said  before,  is  the_  result  of  muscular  action; 
whereas,  expiration  is  a passive  process,  at  least  in  the  case  of  ordinary  ex- 
piration, being  in  the  main  the  result  of  elastic  recoil,  this  elastic  recoil  being- 
due  to  the  lung  tension  and  also  to  the  tension  of  the  costal  cartilages,  the 
intercostal  spaces  and  the  abdominal  walls.  The  elastic  lungs  and  the  ribs 
as  soon  as  the  muscles  of  inspiration  relax  or  let  go  their  hold  upon  the 
chest  spring  back  to  their  original  form  and  size.  Ordinary  expiration  is 
not,  then,  the  result  of  muscular  contraction.  Some  Physiologists  hold  that 
the  intercostal  muscles,  especially  the  internal,  act  as  expiratory  muscles  by 
depressing  the  ribs.  After  normal  expiration  the  lungs  are  in  a condition 
of  elastic  tension.  When  the  muscles  of  inspiration  cease  to  act,  this  tension 
comes  into  operation.  The  borders  of  the  costal  cartilages  which  are 
twisted  upward  and  outward  during  inspiration,  become  during  expiration 
untwisted-  I he  intercostal  spaces  which  were  stretched  during  inspiration 
react  and  loose  the  distension  during  expiration.  The  diaphragm  also  re- 
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laxes  pressing  back  the  abdominal  walls  into  their  place  and  pushing  up 
the  diaphragm  into  its  normal  resting  position.  In  addition  to  these  influences 
there  is  another  influence,  the  weight  of  the  chest  wall,  this  weight  of  the 
chest  wall  tending  to  return  the  chest  to  its  normal  position.  It  is  generally 
supposed  by  Physiologists  that  the  internal  intercostal  muscles  contract  during 
expiration,  acting  the  part,  therefore,  of  depressors  of  the  ribs.  This  activ- 
ity, however,  is  probably  to  maintain  the  tension  of  the  intercostal  tissues, 
not  to  depress  the  ribs.  When  this  expiration  becomes  forced  certain  of 
the  muscles  become  active.  The  internal  intercostals,  for  example,  during 
forced  expiration  are  very  active,  at  least  when  the  lower  portion  of  the 
thoracic  cavity  becomes  fixed,  this  fixation  taking  place  through  the  action 
oi  the  abdominal  muscles.  The  fixation  is  accomplished  by  the  contraction 
of  these  abdominal  muscles  pressing  the  abdominal  viscera  against  the  dia- 
phragm, causing  the  diaphragm  to  be  pushed  upwards,  diminishing  the  ver- 
tical measurement  of  the  thorax.  The  triangulares  sterni^.  lying  behind 
the  costal  cartilages  reach  upward  and  then  outward  from  the  lowerend  of  the 
sternum,  the  deep  surface  of  the  ensiform  cartilage  and  the  cartilages  of  two  or 
three  of  the  lower  sternal  ribs  to  the  lower  and  the  deeper  surfaces  of  the 
cartilages  of  the  2d,  3d,  4th,  5th  and  6th  ribbs.  In  this  way  we  have  the 
depression  of  the  cartilages  during  expiration. 

The  serratus  posticus  inferior  arising  from  the  spines  of  the  last  two 
dorsal  and  the  upper  two  lumbar  vertebrae,  passes  outward,  upward  and  for- 
ward, being  inserted  into  the  lower  borders  of  the  last  four  ribs.  During 
expiration  they  pull  the  ribs  downward  and  then  backward.  The  levatores 
<lni  come  together  from  the  pelvic  wall  forming  the  greater  part  of  the 
muscular  floor  of  the  pelvic  cavity  and  acting  as  a resistant  to  the  down- 
ward pressure  of  the  viscera  produced  by  the  strong  contraction  of  the  ab- 
dominal muscles.  The  abdominal  muscles  assist  in  lessening  the  thoracic 
cavity  by  presenting  a solid  foundation  upon  which  the  internal  mter-rogtgl 
muscles  act  by  pulling  in  the  lower  part  ot  the  sternum  and  the  lower  ribs, 
and  by  causing  the  diaphragm  to  move  upwards  by  the  force  of  the  ab- 
dominal viscera.  As  expiration  becomes  more  forced  all  the  muscles  which 
can  aid  in  depressing  the  ribs  or  which  can  assist  in  giving  fixation  to  the 
muscles,  are  brought  into  play  so  that  the  entire  body  according  to  its 
muscles  and  cartilages,  is  brought  into  action  in  forced  expiration. 

Associated  with  these  movements  of  the  thoracic  walls,  which  take 
place  in  respiration,  certain  other  muscular  movements  also  take  place. 
The  currents  of  air  that  pass  in  and  pass  out  of  the  lungs  travel  through  the 
nasal  cavity,  more  especially  along  the  inferior  nasal  meatus.  With  each 
inspiration  there  is  slight  expansion  of  the  nostrils,  due  to  the  contraction 
of  yhe  dilatoTes  nans  and  in  this  way  flic  entrance  of  air  i>  assisted.  Ry 
passing  through  the  nasal  membrane  warmth  is  imparted  to  the  air  and  the 
mouth  is  a ho  protected  from  fhehTryness  of  the  air.  During  expiration  on 
the  other  hand,  the  nasal  cartilages  spring  back  totheir  original  si/.e,  their 
normal  form  and  position,  aided  by  the  compressores  naris.  The  soft  palate 
is  mo.vedjtackupu  d and  .forward  by  the  current  or  air  ingoing  and  outgoing 
during  inspiration.  The  glottis  is  wide  open,  while  during  expiration  the 
arytenoid  cartilages  approach  each  other  and  the  cartilages  of  Santorini 
project  Inward.  Thus  simultaneously  with  the  movements  of  the  alae  nasi 
and  the  thoracic  walls  there  is  a widening  and  a narrowing  of  the  glottis. 
When  this  breathing  becomes  labored,  the  mouth  is  .generally  thrown,  open, 
the  soft  palate  arises  under  the  influence  of  the  levatores  palati,  the  larynx 
descending  by  the  action  of  the  stcrno-hyo'id  and  the  sterno-thyroid  muscles 
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and  the  glottis  is  thrown  wide  open  as  the  result  of  the  action  of  the  pos- 
terior crico-arytenoid  muscles,  the  naris  being  distended  by  the  action  of 
the  posterior  and  the  anterior  dilatores  nars  and  the  ake  are  raised  by  the 
levatores  labii  superiores  alaeque  nasi  the  muscles  supplied  by  the  facial 
nerve  being  brought  into  action  in  opening  the  mouth. 

The  muscles  of  respiration  are  as  follows  : • 

First  of  all,  the  diaphragm.  The  diaphragm  is  the  principal  inspira- 
tory muscle.  On  the  contraction  of  the  diaphragm  the  central  part  descends 
and  it  becomes  less  convex  above,  increasing  the  diameter  of  the  thorax 
and  the  depth  of  the  posterior  part  of  the  cavity.  The  phrenic  nerves  to- 
gether with  the  sympathetic  fibers  furnish  the  nervous  connection. 

2.  Th^Jevatores  costarum  arise  from  the  points  of  the  transverse  pro- 
cesses of  the  highest  dorsal  vertebrae  and  the  seventh  cervical,  passing 
downward  and  outward  they  find  insertion  in  the  external  surface  of  the 
rib  associated  with  the  vertebrae.  These  muscles  are  rib  elevators  and  are 
supplied  by  the  intercostal  nerves. 

3.  The  intercostales  externi.  These  pass  between  the  ribs  passing 
down  war  d^ancl  forward,  extending  from  the  rib  tubercles  to  the  external 
cartilages.  These  muscles  are  also  rib  elevators  and  are  provided  with 
nerve  connections  in  the  intercostal  nerves.  The  intercostales  interni  be- 
tween the  cartilages  also  assist  in  the  elevation  of  the  ribs.— 

4.  The  sterno-cleido-mastoids  pass  from  the  mastoid  process  to  the 
sternum  and  the  clavicle,  assisting  in  the  elevation  of  the  upper  portion  of 
the  chest  in  deep  inspiration.  These  muscles  are  connected  with  the  spinal 
accessor)-  nerve  and  one  of  the  branches  of  the  second  cervical. 

5.  The  scaleni  muscles  assist  in  pulling  up  the  first  and  second  ribs 
under  the  fixation  oi  the  neck,  being  supplied  with  nerve  connection  by  the 
cervical  nerves. 

6.  The  serrati  postici  superiores  elevate  the  ribs  in  the  upper  part  of 
the  chest  in  forced  inspiration,  being  supplied  with  nervous  connection  by 
the  intercostal  nerves. 

7.  The  pectoral.es.  majoxes  a nd  min  ores,  when  the  shoulders  are  fixed, 
assist  in  elevating  the  ribs,  being  supplied  with  nervous  connection  by  the 
anterior  thoracic  nerves. 

8.  The  trapezei  muscles  assist  in  fixing  the  shoulders,  being  furnished 
with  nerves  from  the  3d  and  4th  cervical,  and  from  the  spinal  accessory. 
The  rhomboidei  muscles  also  assist  in  the  fixation  of  the  shoulders,  forming 
the  base  tor  the  action  of  the  pectorales  muscles,  receiving  their  nerve 
branches  from  the  5th  cervical. 

9.  The  erectores  spina;  are  complex  muscles  reaching  along  the  sides 
of  the  spinal  column,  straightening  the  spine  and  assisting  in  the  elevation 
of  the  sternum.  They  receive  their  nervous  connection  from  the  spinal 
nerves. 

10.  The  intercostales  interni  run  downward  and  backward  from  rib  to 
rib,  acting  as  depressors  of  The  ribs  in  expiration.  These  muscles  being 
chiefly  used  to  preserve  the  intercostal  pressure.  The  intercostal  nerves 
supply  these  muscles. 

11.  The  serrati-postici  inferiores  arising  from  the  spine,  running  out- 
ward and  upward,  to  be  inserted  into  fTiie  lower  edges  of  the  last  four  ribs, 
drawing  the  ribs  downward  and  forward,  and  increasing  the  lower  part  of  * 
the  chest  cavity.  These  muscles  are  supplied  with  nervous  connection  from 
the  intercostal  nerves. 

12.  1 he  abdominales  muscles  press  upon  the  abdomen,  pushing  upward 
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the  thoracic  base  and  aiding  in  the  expulsion  of  air  from  the  hums  These 
muscles  also  assist  m pulling  ‘down  the  ribs  ami  contracting  the  diaphrmnV 

are  S"')|>liLd  "il"  “*0“ 

!P-  The  Uiangulares  stern i draw  downward  the  attached  costal  cartil- 

n^a  n s ^TtVi'e  ^ n f “““-S  with  nervous  connection  by 

n^eans  oi  tne  inteicostal  nerves.  ' — - — 

SECTION  IV— Respiratory  Movements ■ 

F^m  what  has  been  said  it  will  be  evident  that  each  respiration  con- 

?i!^tPer10  ll,SPlra!lon:  2cL  The  period  of  expiration,  and 

0 Penod  of  pause  during  which  there  is  no  movement.  In 

normal  breathing  the  respiratory  movements  follow  each  other  in  ' regular 
succesion,  the  expiration  being  longer.,  than  the  inspiration.  In  certain^  cir- 
cumstances, as  tor  example,  in  the  case  of  the  excitation  of  the  vagi  inspir- 
ation becomes  two  or  three  times  longer  than  expiration.  This,  however  is 
an  abnormal  condition  due  to  irritation.  The  pause  may  be  either  long  ’or 
short,  the  length  of  it  depending  largely  upon  two  things,  ist  of  all.  habit 
and  2d,  will.  In  quiet  breathing  the  pause  occupies  about  one  fourth  of  the 
whole  period  of  respiration,  the  pause  being  shortened  if  respiration  is  very 
actlve  a.  increased  during  sleep,  unconsciousness  and  mental 

abstraction.  I he  respiratory  rate  also  depends  upon  difference  in  age 
position,  species,  temperature,  that  is,  internal  temperature,  the  seasons  of 
the  \ eai  the  activity  of  the  body  and  the  digestive  process. 

In  the  normal  adult  the  respirations  number  about  15  to  17  per  minute, 
that  is,  about  one  respiration  to  four  or  five  cardiac  pulsations.  These 
respiratory  movements  are  more  frequent  in  the  child  and  are  influenced 
largel)  by  the  movements  of  the  body,  exercise,  etc.  In  old  people  the  aver- 
age  rate  of  respiiation  may  be  found  reduced  to  ten  or  eleven  per  minute. 
It  is  said  b\  some  Physiologists  that  the  size  of  the  bod)7  affects  the  rate  of 
lespiiation,  the  smaller  the  body  the  more  frequent  being  the  respiration. 
In  the  male,  and  in  children  inspiration  depends  chieflv  on  the  descent  of 
the  diaphragm  and  the  breathing  is  abdominal.  In  the  mature  female  the 
chest  capacity  is  increased  transversely  and  antero-posferiorly,  the  breath- 
ingbeing principally  thoracic  or  costal. 

\\  hen  the  inspirations  are  very  deep,  the  distinction  between  the  costal 
and  the  diaphragmatic  breathing  disappears  altogether.  During  sleep,  the 
difference  of  breathing  in  the  sexes  also  disappears;  the  respiration  during 
sleep  being  entirely  t h^rnon.1..  By  the  use  of  the  stethoscope  in  connection 
with  the. larynx  and  the  trachea,  two  sounds  are  heard,  the  one  inspiratory 
and  the  other  expiratory.  These  are  called  the  laryngeal  and  the  tracheal 
sounds  which  are  harsTi,  articulate,  the  inspiration  and  the  expiration  being 

of  equal  length  with  a distinct  interval  between  them.  To  the right  or  to 

the  left  of  the  manubrium ~o'ftKe  sternum,  similar  sounds  are  heard.  These 
sounds^  however^  are  less  intense  ancf are  called  bronchial  sounds.  ( h er 
the  posterior  tube  of  either  lung,  heard  either  from  the  back  or  from  the 
chest,  we  find  respiratory  murmurs,  two  low  rustling  sounds,  the  expiratory 
sound  being  V3  of  the  length  of  the  inspiratory  sound,  with  no  interval  be- 
tween the  two  These  sounds  are  produced  by  the  air  passing  through  the 
trachea  the  bronchial  tubes  and  the  lungs.  In  abnormal  conditions  the 
murmurs  assume  different  forms,  called  rales  or  souffles.  Listening  to  these 
sounds  during  speech  produces  certain  special  forms,  which  are  called  pec- 
toriloquy  when  the  voice  sounds  through  the  trachea,  bronchoptvony  when 
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sounded  through  the  bronchial  tubes,  no  audible  vocal  sound  being  heard 
in  connection  with  the  lungs.  By  fluid  effusion  into  the  pleural  cavity  a 
peculiar  vocal  sound  is  heard  over  the  middle  and  posterior  part  of  the^ 
thorax.'  This  sound  is  of  a short  tremulous  and  a sharp  character,  alsQ 
culiarly  metalic  in  its  character,  called  aegophony.  fr  - 

The  amount  of  air  passing  into  ancl  issuing  from  the  lungs  may  be  ~ 

measured  by  means  of  instruments,  these  instruments  being  called  the  spir- 
ometers. The  Hutchinson  spirometer  is  the  best  of  them.  This  instru- 
ment is  made  on  the  principle  of  the  gasometer  for  the  purpose  of  storing 
gas.  Casella  has  invented  an  instrument  on  the  principle  of  the  anemome- 
ter used  for  recording  the  velocity  of  wind  by  Meteorologists.  Bergeon 
and  Hastus  have  also  invented  an  instrument  which  they  call  anapnograph. 

A valvular  plate  forms  one  side  of  a rectangular  box.  It  is  connected  by 
means  of  a tube  with  the  mouth  attached  to  the  axis  of  this  plate,  there  is  a 
light  lever  with  the  point  which  writes  upon  the  blackened  paper  surface 
moved  by  clockwork.  The  air  passes  through  the  tube  into  the  box  and 
comes  into  contact  with  this  valvular  plate,  the  pressure  changes  being 
transmitted  to  the  valve  and  being  recorded  on  blackened  paper  surface. 

By  the  graduation  of  this  instrument  to  suit  small  squares  of  blackened 
paper  tracings  can  be  taken  which  represent  not  only  the  air  pressure  but 
also  the  amount  of  air  that  is  inspired  and  expired  and  the  velocity  of  the 
air  current.  The  elastic  lungs,  even  after  a forced  expiration,  still  contain 

a quantity  of  air,  this  quantity  of  air  being  generally  estimated  about I00_ 

cubic  inejies.  T4ds  volume  of  air  is  called  the  ice.siiluM--a-i-r.  At  the  end  of 
anorcTi  nary  expiration  the  emptying  of  the  lungs  is  not  nearly  so  complete, 
an  additional  ioo  cubic  inches  still  remaining  in  the  lungs.  This  second 
100  cubic  inches  is  called  the  supplemental  air,  so  that  after  a normal  expir- 
ation 200  cubic  inches  of  air  remain  in  the  lungs.  The  amount  of  air  that  is 
taken  in  at  each  ordinary  inspiration  measures  about  30  cubic  inches,  this  is 
called  the  .tidal  air.  By  a deep  inspiration  the  lungs  may  be  made  to  con 
tain  an  additional  volume  of  air  roughly  represented  by  another  100  cubic 
inches,  this  last  100  cubic  inches  being  called  the  complemental.  ail'.  Hence 
the  maximum  capacity  of  the  lungs  may  be  estimated  at  330  cubic  inches. 

Of  this  volume  of  a 1 r--~33'0  "cu b'i'C  inch^s^only  236  cubic'  inches  can  be 
expelled  by  the  most  forcible  expiration,  following  a very  deep  inspiration. 

The  term,  vital  capacity  is  applied  to  this  maximum  amount  of  air  that  can 
be  contained  within  the  lungs.  As  a rule  the  vital  capacity  is  greater  in  the 
male  than  in  the  female,  increasing  up  to  35  years  of  age  and  after  that  per- 
iod of  life  diminishing.  It,  also,  increases  normally  with  the  height  and  the 
internal  capacity  of  the  chest.  Each  centimeter  added  to  the  height  of  the 
body  representing  about  52  cubic  centimeters  in  the  male  and  30  cubic  cen- 
timeters in  the  female.  In  the  normal  male  adult  of  about  5ft  in  height  the 
vital  capacity  would  be  about  2,350  cubic  centimeters  and  in  a female  of  the 
same  height,  about  2,000  cubic  centimeters. 

Various  instruments  have  been  invented  for  the  purpose  of  recordings 
the  inspiratory  and  the  expiratory  movements.  Marev’s  stethograph  is, 
perhaps,  the  one  that  is  most  commonly  used.  The  movements  of  inspira- 
tion and  expiration  are,  1st  of  all,  communicated  by  a system  of  levers  to  a 
tambour  passed  through  a rubber  tube  to  a second  tambour,  which  has  a 
lever  to  record  the  tracing  on  the  kymograph.  In  the  case  of  the  costal 
movements,  the  stethograph  is  always  used.  In  the  case  of  diaphragmatic 
movements,  a long  instrument  is  passed  through  the  walls  of  the  abdomen* 
between  the  liver  and  the  diaphragm,  so  that  the  one  end  which  is  flat  or 
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spoon  shaped,  rests  between  the  abdomen  and  the  liver,  the  other  end  which 
is  pointed  rests  upon  the  recording  lever,  while  the  walls  of  the  abdomen 

mavaheafnn  CrUT  t0  I^C  T"'  In  this  way  the  movements  of  the  diaphragm 
with  t Lf  t V*  f a"id  trac.ed.ouut  Just  as  we  found  the  tracing  in  connection 
with  the  arterial  pulse  and  the  heart  pulsations.  It  has  been  found  by  study- 

lruC!ngS  •ISt’-  th^^iBigjiQIL^cceeds  inspiration  without  anv 
pause.  2nd  that  expiration  is  longer  than  inspiration,  except  in  abnormal  con- 
ditions. 3d  The  iaspiratory  movements  are  sudden' and  abrupt  as  com- 
pared  with  the  expiratory  movements.  4th.  There  is  an  expiratory  pause 
at  the  close  of  the  expiration,  this  expiratory  pause  being  normally  very 
brief.  Ihese  represent  the  four  main  points  that  now  are  settled  in  Physi- 
ology by  the  use  of  these  instruments.  In  certain  diseased  conditions  there 
js  an  inspiratory  pause  following  the  inspiration.  When  the  respirations 
become  abnormally  irregular,  then  the  pause  is  increased,  this  applies  to  the 
inspiratory  pause,  and  also  the  expiratory  pause.  Some  Physiologists  have 
tried  to  measure  the  force  of  the  inspiratory  muscles.  These  muscles  require 
to  o\  eicome  both  the  thoracic  and  the  pulmonary  elasticity.  These  resist- 
ances  may  be  measured  by  a tube  with  what  is  called  the  “T”  junction  con- 
nected with  the  short  limb  of  the  manometer,  placed  in  the  two  nostrils,  and 
then  making  an  inspiration.  The  mercury  rises  in  the  short  limb  represent- 
ing the  negative  pressure,  estimated  as  ranging  from  i to  3 mm.  of  mercury 
in  the  normal  case,  and  from  30  to  60  mm.  in  the  case  of  forced  inspiration. 
In  quiet  expiiation  a positive  pressure  is  noticed,  varying  from  2 to  3 mm 
in  the  normal,  and  from  about  80  to  120  mm.  in  forced  expiration.  By  mak- 
ing an  average  we  find  that  the  inspiratory  muscles  need  to  overcome  a 
resistance,  amounting  to  10  mm.  in  the  normal,  and  about  80  mm.  in  forced 
inspiration.  During  forced  expiration  there  must  be  a force  sufficiently 
strong  to  overcome  a resistance  equal  to  the  positive  respirator}'  pressure  of 
the  lung  minus  the  lung  elasticity,  or  about  70  to  75  mm.  of  mercury.  The 
lung  elasacity  may  be  measured  also  in  normal  respiration  by  the  use  of  the 
manometer,  the  estimates  representing  it  being  about  6 to  8 mm.  of  mercury 
in  normal  respiration,  and  about  30  mm.  of  mercury  in  deep  inspiration. 

The  lung  contractility  has  also  been  measured  by  various  Physiologists, 
although  the  contractility  of  the  lung  is  smaller  because  the  contractilit-v 
ar'ses  from  the  muscle  fibers  of  the  bronchi  and  therefore,  generally  plays 
a very  unimportant  part  in  either  inspiration  or  expiration.  According  to 
the  various  methods  that  are  used  in  registering  the  movements  of  inspira- 
tion and  expiration,  tracings  may  be  obtained  slightly  varying  from  one 
another,  all  of  them  being  more  or  less  imperfect  on  account  of  the  dif- 
ficulty of  inventing  an  ideal  method.  Inspiration  commences  suddenly, 
advances  rapidly,  becoming  gradually  more  rapid,  being  followed  immedi- 
ately by  expiration,  which  begins  rapidly  and  then  gradually  becomes 
slower.  In  normal  breathing  hardly  any  pause  exists,  although  there  is  a 
slight  pause  whenever  the  respiration  becomes  unrhythmical.  Marey’s 
pneumograph  which  is  largely  used  in  connection  with  these  measurements 
consists  ot  a hollow  elastic  cylinder,  the  internal  cavity  being  connected 
with  a tambour.  The  cylinder  can  be  strapped  around  the  chest  and  so 
adjusted  as  to  indicate  all  the  movements.  On  the  expansion  of  the  chest 
the  cylinder  ends  are  drawn  out  and  the  air  in  the  cavity  becomes  rarefied, 
the  lever  which  is  attached  to  this  cylinder  being  lowered,  the  lever  being 
raised  when  the  opposite  process  takes  place.  In  the  case  of  the  stetho- 
meter  which  consists  of  a rectangular  framework  made  of  two  solid  parallel 
bars  joined  to  a cross  bar.  The  free  ends  of  the  bars  are  arranged,  the  one 
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with  a tambour  and  the  other  with  a button  attachment.  The  tamboui  cai- 
ries  on  the  metal  plate  of  its  membrane,  a small  button.  W hen  the  chest 
diameter  is  to  be  measured  by  this  stethometer,  the  instrument  is  placed 
around  about  the  chest,  the  button  at  the  one  end  being'  placed  on  the. spine 
and  the  tambour  on  the  sternum,  the  changes  in  the  diameter  causing  vari- 
ations oi  the  pressure  in  the  tambour  receiver,  these  changes  01  \aiiations 
of  pressure  being  transmitted  to  the  tamboui  lecoidei  and  recorded  by  the 
recording  lever,  on  the  traveling  surfaee*  Inspnation  and  expnation  \arv, 
as  we  said  before,  with  age  and  also  with  the  sex  of  the  individual,  the  in- 
spiration being  briefer  in  the  case  of  the  female  and  in  children  and  old 
people.  Variations  in  inspiration  and  expiration  aic  also  found  in  ccitam 
abnormal  diseased  conditions.  If  the  pneumogastric  is  divided  or  in  path- 
ological conditions  involving  the  stricture  of  the  air  passages  the  expiration 
becomes  shorter  than  the  inspiration.  In  the  case  of  the  dilatation  of  the  air 
vessels  the  expiration  is  longer.  In  the  new  born  child  the  ratio  of  inspira- 
tion and  expiration  is  about  I to  2 or  i to  3.  In  the  adult  this  ratio  be- 
comes about  5 to  6 normally.  Inspiration  is  more  abrupt  and  sudden  than 
expiration,  the  tracings  that  we  have  mentioned  indicating  the  rapid  move- 
ments of  inspiration  as  compared  with  the  slower  movements  of  expiration. 

The  normal  pause  varies  abnormally  in  abnormal  conditions,,  represent- 
ing 1 either  an  insuIral’OTy  pause  or  an  exp.irator\L„oausZ.  During  sleep  the 
normal  rhythm  of  “the  periods,  both  of  inspiration  and  expiration  is 
broken,  particularly  in  the  case  of  children  and  aged  people.  In  the  latter 
case  this  pause  becomes  sometimes  characteristically  expiratory.  This  dis- 
turbance of  the  respiratory  rhythm,  is  characteristic  of  what  is  called  the 
Cheyne-Stokes  breathing,  in  which  we  find  respiratory  movements  in  a 
series,  each  series  being  separated  from  the  next  preceding  and  next  suc- 
ceeding series  by  a marked  pause,  The  first  respirations  of  each  series  are 
superficial,  then  the  respirations  gradually  become  deeper  until  they  reach  a 
maximum,  after  that  they  gradually  become  more  superficial  until  the  close 
of  the  series.  This  series  normally  consists  of  from  20  to  30  respirations. 
This  kind  of  breathing  we  find  in  connection  with  cerebral  pathological  con- 
ditions, for  example,  uraemia  or  the  toxic  condition  of  the  blood  arising 
from  the  accumulation  of  urea,  and  it  indicates  always  the  near  approach  of 
death.  The  same  or  similar  disturbances  of  the  periodicity  of  respiratory 
movements  are  found  in  the  last  stages  of  asphyxia  and  in  cases  of  poison- 
ing by  chloral  or  curare,  and  in  certain  stages  of  fevers  caused  by  the  ab- 
sorption of  septic  substances.  There  is  a marked  variation  in  respiratory 
periods  in  the  case  of  age,  in  the  newborn  child  the  average  being  about  45 
per  minute,  in  a youth  of  15,  about  20;  at  30  years,  about  18;  at  35  .from  17  to 
15;  and  in  old  age,  from  11  to  10.  The  position  of  the  body  influences  the 
periods  also,  the  lying  posture  representing  a slower  respiratory  .rate,  the 
sitting  posture  a more  rapid'rate,  and' the. standing  or  walking  attitude  the 
most  rapid  rate.  During  the  night  t he  respiratory  rate  is  much  less-  rapid 
than  during  the  day,  and  during  or  after  meals  it  is  much  more  rapid.  Mus- 
cular- activity  also  increases  the  rapidity  of  respiration.  The  changes  of 
temperature"  outside  the  body  have  almost  no  effect,  while  temperature 
changes  in  the  body  affect  very  considerably  the  rate,  as  it  rises  in  the  case 
of  fevers  very  much  like  the  pulse  rate,  the  pulse  rate  and  the  respiratory 
rate  in  abnormal  as  well  as  in  normal  conditions  being  in  a regular  and  al- 
.most  invariable  ratio  of  1:4  or  1:4^-  Psychic  influences  also  affect  the  re- 
spiratory rate,  mental  excitement  or  volitional  purpose  exerting  a strong 
influence  on  its  rapidity, 
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SECTION  V.  The  Influence  of  Respiration  on  the  Circulation. 

The  movements  of  respiration  arc  accompanied  by  very  characteristic 
changes  in  the  circulation..  If  the  blood  pressure  is  represented  in a ra 
and  a so  the  pulse  tracing,  these  movements  can  be  noticed  if  side 
Side  we  place  a tracing  ot  the  inspiration  and  expiration.  If  the  brain  of  \ 
living  mammal  is  exposed  by  removing  the  skull  there  is  noticed  a rhythmic 
pulsation  ot  the  cerebral  mass  quite  different  from  the  pulsation  'of  the 
brain  arteries.  These^jndsatiqns  of  ;the  cerebralmass  are  simultane- 
rn.w  .th  thcicspirato^  movements,  the  cerebral  mass  rising  during  expi- 
ration and  sinking  or  yielding,  during  inspiration.  If  the  arteries 
of  the  brain  are  ligatured  these  pulsations  will  cease  altogether 
or  if  the  venous  blood  is  allowed  To  escape  from  the  venoS  sim 
uses  they  will  also  cease.  Thege  pulsations  arise,  therefore,  from  the  exp- 
iations and  the  inspirations  that  restrain  or  assist  the  blood  flow'  from  the 
brain.  During  inspiration  the  pressure  of  the  blood  in  the  large  veins  max 
be  negative,  that  is  it  may  fall  below  the  atmosphere,  andthe  puncture  of  one 
of  these  large  blood  vessels  may  result  fatally  on  account  of  the  inspiration 
ot  air  into  the  vessels,  passing  through  the  vessel  into  the  heart  A venous 
- P,ulse  may  be  observed  ,n  these  large  vessels  of  the  neck,  the  pulsation 
always  accompanying  expiration  and  inspiration.  The  expansion  and  the 
contraction  of  the  thorax  have  a strong  influence  upon  the  blood  flow' 

thiough  the  thoracic  cavity,  indirectly  influencing  the  whole  vascular  sys- 
tem The  blood  pressurcjiises  shortly  after  the  beginning  of  inspiration 
usually  after  a period  equal  to  about  two  or  three  heart  pulsations'  IHtflt 
attains  its  maximum  after  a short  period  following  expiration.  Afterwards 
the  blood  pressure  begins  to  fall,  reaching  its  minimum  afte'rthe  commence- 
ment ot  the  succeeding  inspiration.  The  pulse  rate  during  inspiration  is 
mo*.^raP-l  during  expiration,  and  the  curve  represented  in  the  tracing 
is  different.  Blood  pressure  changes,  therefore,  result  from  the  respiratory 
mo\  ements,  the  effects  upon  the  blood  pressure  varying  according  to  the 
character  of  the  respiration.  The  lungs  and  the  heart,  as  we  said  before, 
are  suspended  in  an  air-tight  cavity,  the  thorax  and  lungs  being  distended 
through  inspiratory  action,  the  walls  of  the  air-cells  in  the  lungs  having  an 
elastic  force  depending  upon  the  amount  of  the  lung  distension.  This  elas- 
tic force  which  tends  to  lead  to  the  lung  collapse,  exercises  a suction  force 
upon  the  other  organs  inside  the  thoracic  cavity  TKTs  negative  pressure 
becomes  stronger  as  the  lungs  are  more  fully  distended.'  This  negative 

PI  e s s u 1 e inside  the  thoracic  cax'ity  is  called  intrathoracic  negatix'e pressure 

This  intrathoracic  negative  pressure  in- the  case~o!f  sheep,  rabbit  and  "dogs’ 
is  said  to  amount  to  from  3 to  5 mm.  of  mercury. 

The  pressure  on  the  chest  organs  must  have,  been  atmospheric  pressure, 
minus.the  negative  pressure,  and  also,  minus  the  elastic  force  of  the-lungs— ’ 
that  is,  760  mm.,  minus  3,  minus  9,  or  about  748  mm.  In  normal  expiration 
there  is  a force  pressing  upon  the  chest,  equal  to  the  atmospheric  pressure 
together  with  the  positive  pressure  of  expiration,  minus  the  intra-thoracic 
negative  pressuie,  that  is,  760  mm.  plus  2 mm.,  minus  6 mm.,  amounting  in 
all  to  756  mm.  During  respiration,  therefore,  the  pressure  upon  all  the 
thoracic  organs,  except  the  lungs,  is  always  less  than  that  upon  the  vessels 
outside  the  chest,  that  is,  the  pressure  upon  the  organs  in  the  thoracic  cav- 
ity other  than  the  lungs,  is  always  less,  than  the  atmosphere,  the  negative 
intrathoracic  pressure  being  greater  during  inspiration.  Thus.  Tire'  aspira- 
•tory  action  of  respiration  attracts  TEeTTbod  from -outside  the  thoracic  cavity 
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into  the  large  vessels  that  lie  inside  the  thoracic  cavity,  both  during  insjyira- 
tion  and  expiration,  marc  largely  however  during  inspiration.  The  thoracic 
organs  being  suspended  in  an  air-tight  cavity,  when  the  lungs  are  distended 
during  inspiration,  and  the  intra-thoracic  pressure  is  increased,  the  heart 
which  is.  a hollow  elastic  muscle,  is  also  affected  by  this  pressure.  The' 
effects  however,  are  very  different,  being  more  favorable  to  the  venous  blood 
flow,  and  retarding  the  arterial  blood  flow.  The  chief  influence,  however,  is 
upon  tie  ffaccicTaricf  yielding  veins  that  lie  close  to  the  heart.  If  the  chest 
cavity  is  opened  the  inspiratory,  action  ceases  to  expand  the  lungs,  and  there 
is  no  distension  of  the  heart  or  the  large  blood  vessels. 

If,  however,  in  the  living  subject  the  trachea  is  compressed,  the  inspira- 
tory action  becomes  greatest  upon  the  heart,  the  highest  influence  upon  the 
circulation  being  noticeable  in  these  circumstances,  hence,  it  is  said  the 
maximum  influences  of  the  respiratory  movement  is  always  upon  the  heart 
or  on  the  vessels  close  to  the  heart.  This  influence,  as  we  have  said,  is  felt 
more  upon  the  large  vessels  than  upon  the  heart  itself,  on  account  of  the 
fact  that  the  heart  is  a strong  muscular  substance,  whereas,  the  vessels  are 
soft  and  yielding.  In  the  large  vessels  themselves  this  influence  is  felt  more 
upon  the  veins  than  upon  the  arteries,  on  account  of  the  softer  walls  of  the 
veins  and  the  thicker,  more  unyielding  walls  of  the  arteries.  During  inspir- 
ation the  pressure  upon  the  aortic  surface  is  less,  the  aorta  being  distended 
and  the  blood  flow  through  the  aorta  being  lessened,  producing  a fall  in  the 
blood  pressure.  The  thick  aortic  walls  will  give  way  less  to  the  distension 
than  the  thinner  vein  walls,  so  that  inspiration  does  not  materially  affect  the 
aorta  and  this  effect  is  always  counterbalanced  by  the  distension  of  theTarge 
veins,  and  by  the  rapid  blood  flow  out  of  the  Veins  into  the  heart.  This 
flow  of  blood  from  the  lungs  throws  more  blood  into  the  heart,  which  passes 
through  the  heaiTdTncl'iTTti row n into  the  aorta.  Thus,  the  greatest  respira- 
tory influence  is  felt,  in  the  relaxed  and  relaxing  walls  of  the  large  veins. 
The  lungs,  the  heart  and  the  large  vessels  being  suspended  in  the  expandi- 
ble  cavity  of  the  thorax  in  which  they  rest,  the  lungs  communicate  with  the 
atmosphere,  and  the  heart  and  the  vessels  with  the  blood  vessels  outside  the 
thoracic  cavity. 

These  are  all  subject  to  the  influence  of  distension  and  contraction  in 
connection  with  the  respiratory  movements.  In  the  case  of  the  lungs  them- 
selves, the  blood  vessels  communicate  with  the  external  vessels,  inspiration 
diminishing  the  pressure  on  the  delicate  walls  of  the  pulmonary  vessels 
assisting  the  dietension  of  these  vessels  and  promoting  the  blood  flow  from 
the  lungs  to  the  left  auricle  without  almost  any  appreciable  effect  in  the  pul- 
monary arteries.  The  minute  capillaries  on  the  aircell  walls  are  also  subject 
to  greater  pressure  than  the  pulmonary  veins  in  inspiration,  and  thus  the 
flow  of  blood  is  stimulated.  The  thoracic  aspiration  may  draw  in  air,  this 
air  being  carried  to  the  right  side  of  the  heart  and  to  the  pulmonary  capil- 
laries. If  the  amount  of  air  that  is  sucked  in  is  large,  it  causes  an  obstruc- 
tion in  these  minute  capillaries,  often  resulting  in  death.  During  expiration 
the  negative  pressure  is  lessened,  the  intra-thoracic  vessels  returning  from 
their  dilated  condition  to.  a normal  condition.  The  pulmonary  blood  ves- 
sels are  thus  left  free  to  relax  and  are  also  interpressed  by  the’air  pressure 
of  the  lungs  and  by  the  expiratory  influences,  resulting  in  the  contraction  of 
the  pulmonary  vessels!  More  blood  is  tlnis  brought  into  the  chest  and  also 
into  the  heart  during  inspiration  and  the  blood  flow  through  the  lungs  is 
more  free,  more  blood  finding  its  way  to  the  left  side  of  the  heartand  hence 
into  the  general  sytemic  circulation.  This  increased  blood  supply  causes 
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the  general  blood  pressure  to  rise  during  inspiration  while  it  is  lessened  dur- 
ing expiration.  In  deep  inspiration  the  elastic  action  of  the  lungs  and  the 
intra  thoracic  pressure  become  greatly  increased;  consequently  the  pressure 
upon  the  organs  inside  the  chest  is  much  lower  than  the  pressure  of  the 
atmosphere.  Forced  expiration,  on  the  other  hand,  produces  a positive 
pressure,  often  amounting  to  ioo  mm  which  added  to  the  atmospheric  pres- 
sure would  represent  about  860  mm;  the  intra  thoracic  pressure  being  les- 
sened we  must  subtract  it,  leaving  854  as  representing  the  pressure  on  the 
organs  of  the  chest.  In  this  case  the  veins  are  very  much  enlarged  and  the 
blood  is  prevented  from  flowing  into  the  heart,  the  veins  presenting  a char- 
acteristic venous  pulsation  during  forced  inspiration  and  forced  expiration.^- 

1 he  blood  flow  to  the  right  side  of  the  heart  is  also  assisted  by  the 
action  of  the  diaphragm  and  of  the  abdominal  walls,  transmitted  to  the 
abdominal  vesself.  Arterial  pressure  tends  to  force  the  blood  downward  in 
the  body  and  to  restrain  the  blood  flow  from  the  heart,  while  the  flow  toward 
the  heart  in  the  venous  system  is  increased  on  account  of  this  respiratory 
movement.  The  arterial  walls  are  so  thick  and  so  rigid  that  this  influence 
does  not  materially  affect  the  arterial  blood  flow,  whereas,  the  venous  walls 
being  so  thin  and  yielding,  it  tends  to  facilitate  the  flow  of  the  blood  toward 
the  heart.  The  result  of  this  would  be  seen  in  the  case  of  the  section  of  the. 
phrenic  nerves,  producing  diphragmatic  paralysis,  the  blood  pressure  curves 
in  this  case  being  very  much  lessened.  This  is  due  to  the  diminished  respir- 
atory actions  which  are  confined  to  the  ribs  and  to  the  sternum,  and  also  to 
the  loss  of  the  pressure  communicated  from  the  diaphragm  to  the  veins. 

The  general  effect,  therefore,  of  inspiration,  is  to  increase  the  blood 
pressure  and  the  general  effect  of  expiration  is  to  decrease  the  blood  pres- 
sure. The  negative  pressure  in  the  thoracic  cavity  found  during -Inspiration 
gives  place  to  a gradual  lessening  of  the  negative  pressure  and  to.a- diminu- 
tion of  aspira  tion  resulting  from  Tn  in’fra-fhoracic  pressure  below  t-freatmos- 
phere.  The  flow  of  the  blood  is  also  lessened  because  a smaller  .volume  of 
blood  passes  through  the  large  veins.  The  veins  in  the  abdomen  are  now 
being  refilled  with  blood  and  as  the  lungs  contract,  the  vessels  inside  the 
lungs  also  contract,  retarding  the  blood  flow  from  the  right  side  of  the 
heart  through  the  pulmonary  circulation  to  the  left  side  of  the  heart. 

Hering  has  devised  an  instrument  to  illustrate  the  influence  of  the  res- 
piratory movements  on  the  circulation.  There  is  a large  conical  chamber 
representing  the  thorax,  at  the  bottom  of  which  there  is  a rubber  represent- 
the  diaphragm.  At  the  top  of  the  vessel  there  is  a tube  entering  into  the 
chamber  representing  the  trachea  connected  to  the  manometer  from  one 
side.  At  each  side  is  a vessel,  one  filled  with  water  representing  the  venous 
blood  and  the  other  empty,  these  two  communicating  by  a tube  with  a long 
soft  bag  between  the  tubing,  which  represents  the  heart,  the  heart  valves 
being  at  each  end  of  the  bag  representing  the  valves  in  the  heart  at  theorifices. 

In  the  cavity  there  are  suspended  from  the  tube  representingthe  trachea,  two 
sacks  representing  the  lungs.  If  the  diaphragm  is  pulled  down  from  the 
center  the  air  in  the  chamber  becomes  rarefied,  the  air  passing  through  the 
trachea  tube  into  the  lung  sacs;  at  the  same  time  water  is  forced  from  the 
vessel  on  the  one  side  with  the  heart  sac  which  becomes  dilated.  The  dia- 
phragm when  released  is  pulled  up  partly  by  the  negative  pressure  in  the 
cavity  and  partly  by  the  diaphragm  elasticity.  Then  the  rubber  sacs  are 
emptied  by  their  own  elastic  reaction.  The  heart  sac  contracts,  forcing  the 
fluid  into  the  vessel  on  the  other  side,  the  flow  being  measured  on  the  mano- 
meter. During  inspiration  there  is  a negative  pressure  in  the  thoracic 
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cavity  gradually  increasing  during  the  inspiratory  period,  air  being  breathed 
into  the  lungs  and  blood  being  sucked  into  the  large  veins  next  the  heart. 
During  expiration  this  negative  pressure  gradually  diminishes,  the  air  being 
driven  from  the  lungs  and  the  blood  being  driven  out  of  the  distended  veins 
into  the  heart.  This  blood  How  into  the  chest  during  inspiration  is  assisted 
by  the  distension  of  the  capillaries  of  the  lungs  and  by  the  difference  in 
pressure  between  the  veins  and  arteries  so  that  the  blood  circulation  in  the 
lungs  is  increased  and  the  blood  circulates  with  greater  rapidity. 

The  aspiration  of  the  thorax  also  assists  in  drawing  the  blood  away  from 
the  liver, for  when  inspiration  reduces  the  pressure  on  the  inferior  vena  cava, 
the  blood  flow  through  the  hepatic  veins  and  the  rather  slow  normal  circu- 
lation in  the  liver  becomes  gradually  accelerated.  Some  Physiologists 
believe  that  the  rhythmical  stimulation  of  the  vaso-constrictor  center  in  the 
medulla  is  influenced  bv  respiratory  actions.  These  rhythmical  stimula- 
tions are  said  to  take  place  simultaneously  with  the  inspiratory  action  of 
the  respiratory  center.  In  the  case  of  the  human  subject  it  is  noticed  that 
during  inspiration  the  heart-beat  increases,  inspiration  assisting,  at  least,  in 
this  way  in  increasing  the  general  blood  pressure.  During  expiration  the 
pulse  is  less  rapid  than  during  inspira.tian.  If  the  pneumogastric  nerves  be 
cut  the  pulse  rate  increases,  but  there  ceases  to  be  any  difference  in  it  rW- 
ing  inspiration  and  expiration.  If,  however,  the  thorax  be  opened  and  the 
pneumogastrics  left  uncut  there  is  still  an  increase  in  the  rate  during  inspir~ 
Thus,  the  cardio-inhibitory  center  either  increases  in  activity  during 
expiration  or  else  loses  activity  during  inspiration,  the  cardio-inhibitory 
center  and  the  respiratory  center  being  associated  in  some  way  in  their 
action.  This  sympathy  between  these  two  centers  is  supposed  to  depend 
upon  the  arterialization  of  the  blood,  the  greater  arterialization  of  in- 
spiration affecting  the  cardiac  centers,  lessening  its  activity  during  inspira- 
tion and  producing  an  increased  pulse  rate.  Deficient  arterialization  of  the 
blood  affects  the  vaso-motor  system.  By  placing  an  animal  under  the 
influence  of  curare  so  as  to  remove  the  complications  arising  from  the  skel- 
etal muscle  contractions,  if  both  vagi  are  divided  so  as  to  check  the  inhibi- 
tory impulses  from  the  center,  artificial  respiration  becomes  suspended. 
Following  this  there  is  noticable  arise  in  the  pressure  due  to  the  stimulation 
of  the  vaso-motor  center  by  the  venous  blood  flow  producing  constriction 
of  the  small  arteries,  especially  those  of  the  splanchnic  region.  When  the 
artificial  respiration  ceases  the  blood  pressure  rises,  at  first,  steadily  and 
then  more  irregularly.  As  the  blciod  becom  es  more  venous  the  vaso-motor 
enters  and  the  heart  become  weakened.  The  blood  pressure  waves~pro- 
duced  during.  normal  breathing  become  more  marked  as  the  respiratory 
movements  increase  in  depth.  W hen  the  most  powerful  inspiration  is  made 
the  lungs  are  fully'  expanded  anti  the  heart  is  also  greatly  distended, 
the  inU-a-pulmonary  and  the.  Jnjra- cardiac  vessels  being  alSfi  dilated. 
Although  this  induces  a large  How  of  blood  into  the  chest  cavity,  the  heart 
beats  may  be  small,  because  the  negative  pressure  is  so  great  that  the  thin 
walls  of  the  auricles  have  to  contend  against  a great  pressure  in  contracting. 
Only  a small  quantity  of  blood  is  thus  forced  into  the  general  circulation 
and  the  left  auricle  of  the  heart  through  the  lungs.  If  there  is  a very  strong 
expiration,  followed  by  a very  powerful  inspiration,  the  mouth  and  nostrils 
being  closed,  the  heart  and  the  vessels  become  greatly  distended,  the  blood 
current  to  the  auricles  and  ventricles  increases;  the  heart  and  lung  vessels 
become  gorged,  only  a very'  small  quantity  of  blood  passes  into  the  sycstemic 
circulation,  and  the  heart  sounds  and  pulse  may  disappear.  If  then  a pow- 
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erful  inspiration  is  made  and  then  a strong  expiration,  the  glottis  being 
closed,  there  is  high  pressure  in  the  lungs,  the  heart  and  large  vessels,  result- 
ing in  the  drawipg  of  the  blood  out  of  the  pulmonary  circulation  into  the 
heart  circulation  and  through  the  arteries  into  the  general  circulation  result- 
ing in  a rise  of  blood  pressure,  the  veins  outside  the  thorax  being  distended 
as  seen  in  the  veins  of  the  neck  and  face,  the  heart  being  pressed  on  to  such 
an  extent  that  the  heart  sounds  and  the  pulse  may  disappear. 

In  inspiration,  and  expiration  into  the  spirometer  the  blood  pressure 
curves  are  found  to  be  altered.  If  the  rarefied  air  is  inspired,  the  blood 
pressure  rises  above  the  normal,  and  if  an  expiration  takes  place  under  simi- 
lar circumstances,  the  blood  pressure  will  fall,  although  it  will  continue 
above  normal  expiration.  The  rise  in  blood  pressure  arises  from  the  effort 
required  to  inspire  the  air  into  the  lungs,  this  effort  being  increased  in  con- 
nection with  the  other  organs  in  the  thoracic  cavity,  causing  the  blood  to- 
flow  more  rapidly  through  the  pulmonary  circulation.  The  air  expired  from 
the  lungs  into  the  spirometer  tends  to  distend  the  vessels  in  the  thoracic 
cavity  and  to  assist  the  blood  flow  in  the  pulmonary  circulation,  when  the 
vessels  become  gorged,  and  the  extra-thoracic  vessels  become  depleted,  the 
blood  pressure  falls.  If  compressed  air  be  inspired  the  inspiratory  rise  is 
diminished.  If  the  air  pressure  is  higher  than  the  pressure  of  the  elastic 
lung  tension,  the  chest  will  distend  without  any  muscle  effort,  resulting  in  a 
decrease  inside  of  an  increase  of  negative  pressure,  giving  place  to  positive 
pressure.  The  heart  and  the  other  vessels  in  this  case  are  compressed  and 
the  blood  is  forced  out  into  the  systemic  circulation. 

If  expiration  takes  place  into  compressed  air  there  is  a temporary 
increase  of  blood  pressure  followed  by  a decrease  due  to  the  hindrance  offered 
to  the  flow  of  blood  through  the  heart  to  the  lungs.  These  effects  are  noticeable 
in  ballooning  in  which  case  there  is  added  a complexity  due  to  the  pressure 
abnormally  exerted  upon  the  peripheral  circulation.  In  the  case  of  artificial 
respiration  where  bellows  are  used  to  force  the  air  into  the  lungs,  expir- 
ation taking  place  by  the  c lastic  recoil,  after  the  lungs  have  been  filled  the 
capillaries  are  subject  to  the  action  of  the  positive  pressure  of  the  air  in  the 
lungs  and  the  resisting  force  of  the  chest  walls,  the  blood  being  drawn  out 
of  the  lungs  temporarily  increasing  the  blood  pressure  to  be  followed  by  the 
decrease  in  pressure  when  the  flow  of  the  blood  is  retarded.  When  expir- 
ation takes  place  the  pressure  is  taken  away  and  the  blood  flow  is  promoted, 
a fall  in  the  blood  pressure  existing  until  the  vessels  are  filled,  when  there  is 
a rise.  If  the  air  is  expired  out  of  the  lungs  the  blood  pressure  rises  on 
account  of  the  distended  condition  of  the  lung  vessels.  Hence,  in  artificial 
respiration  we  find  during  inspiration  that  there  is  a temporary  rise  followed 
by  a fall  and  during  expiration  there  is  a temporary  fall  followed  by  a rise 
in  blood  pressure.  The  respiratory  system  also  bears  a relation  to  othei 
systems  of  the  body.  Deficiency  in  the  oxygenation  of  the  blood  arouses 
the  muscles  in  the  alimentary  canal  to  activity  having  also  a material  influ- 
ence upon  perspiration  and  possibly  upon  the  other  secretions.  Respir- 
ation chiefly  in  connection  with  the  respiratory  center  isalso  influenced  b\ 
changes  effected  in  the  blood  by  the  action  of  the  skeletal  muscles. 
Thus,  the  respiratory  system  is  closely  connected  with  all  the  bodily  organs 
and  may  be  said  to  act  and  react  upon  the  system  in  general,  hffort  oi 
work  performed  by  the  body  results  in  depriving  the  blood  of  its  oxygen 
and.  filling  it  with  carbon  dioxide.  This  change  in  the  blood  would  aife  ct 
the  respiratory  center  and  increase  the  activity  of  respiration  to  such  an 
extent  as  to  mark  out  the  limits  of  deoxygenation  and  carbonization.  This 
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creates  activity  of  the  respiratory  system  which  in  its  relation  with  the  other 
systems  makes  provision  for  that  metabolism  which  provides  for  the  repair 
of  this  wasting  condition. 

Respiratory  action  is  aided  by  cardiac  activity,  and  hence,  the  two  go 
hand  in  hand  in  preventing  that  collapse  which  is  sometimes,  represented 
as  want  of  breath  and  at  other  times  as  heart  failure.  Hence  muscular  ac- 
tivity depends  not  upon  respiration  only  nor  upon  the  blood  circulation 
only,  but  upon  the  concerted  action  of  both  of  these.  The  proper  distribu- 
tion of  air  implies  the  proper  circulation  of  the  blood.  It  may  seem  that 
respiration  is  more  important  for  muscular  activity  but  circulation  is  as  im- 
portant. This  abno/nally  is  represented  in  the  common  expression,  breath- 
jess  applied  to  an  exhausted  person,  the  real  cause  and  condition  being 
more  probably  want  of  heart  action.  The  great  difference  between  the  en- 
durance of  persons  is  found  to  be  due  not  so  much  to  want  of  air  repre- 
sented by  a panting,  breathless  condition,  as  to  the  incapacity  of  the  heart 
to  keep  up  with  the  quickened  rate  of  respiration.  As  we  said  before  there 
is  a normal  ratio  between  respiration  and  heart  pulsation.  Wherever  this 
ratio  is  broken  down,  energy  is  impaired  by  reason  of  the  impairment  of 
some  one  of  the  two  actions,  lung  action  or  heart  action,  most  commonly 
the  heart  action. 

There  are  therefore,  two  main  elements  in  respiration.  1st,  respiration 
proper  and  2d,  the  circulation  of  the  blood,  the  former  bringing  the  air  to 
the  blood  and  the  1 utter  the  blood  to  the  air.  Of  course,  there  is  implied  in 
this,  the  normal  condition  of  the  blood,  its  richness  in  haemoglobin,  that  is, 
in  red  corpuscles,  for  upon  this  depends  the  volume  of  oxygen  that  is  taken 
from  the  lungs  into  the  blood.  That  this  is  so  is  evident  from  the  fact  that 
anremic  persons  are  very  easily  made  breathless  because  of  the  lack  of 
blood  supply,  and  hence  the  lack  of  oxygenation  through  the  blood.  The 
force  of  the  mechanism  of  respiration  can  only  deliver  to  the  blood  and  to 
the  tissues  the  oxygen,  the  blood  itself  must  take  in  and  utilize  it  in  order 
that  it  may  be  of  value  to  the  system. 

Certain  changes  taking  place  in  the  circulatory  system  affect  the  res- 
piratory system.  The  supply  of  blood  furnished  to  the  respiratory  center 
may  and  often  does  materially  affect  respiration.  If  the  blood  flow  is  sud- 
denly taken  away  from  the  medulla  we  find  respiration  attended  with  dif- 
ficulty and  sometimes  accompanied  by  spasms.  The  supply  of  blood  to  the 
ni^ulla  through  the  basilar  arterj/ and  its  branches,  if  interfered  with  in 
any  way  either  by  increase  or  diminution  of  the  blood  flow  may  effect  the 
respiration,  similarly  the  supply  of  blood  to  the  lungs  if  abnormal  interferes 
with  respiration  The  arterialization  of  the  blood  is  accomplished  by  the 
blood  flow  through  the  lung  capillaries  by  being  brought  into  close  conjunc- 
tion with  the  air  in  the  air  vesicles.  If  the  pulmonary  arteries  become  ob- 
structed or  if  the  valves  of  the  heart  fail  to  act  properly  or  if  the  cardiac 
beat  be  weakened  t he  circulation  of  the  blood  from  the  pulmonary  vessels 
to  the  heart  is  interfered  with  and  hence,  the  amount  of  oxygen  carried  by 
the  blood  to  the  different  tissues  of  the  body  is  lessened  on  account  of  the 
decreased  blood  flow.  In  this  way  the  blood  circulating  is  less  than  normal 
and  it  is  less  arterial  than  normal,  the  nerves  and  muscular  tissues  being 
thus  deprived  of  a chief  part  of  their  nutriment,  the  oxygen.  This  defi- 
ciency of  oxygen  manifests  itself  in  connection  with  the  medulla  by  dys- 
pnoeic  conditions,  the  difficulty  of  respiration  associates  wjth  this  condi- 
tion, sometimes  leading  to  the  more  normal  pulmonary  circulation.  The 
blood  circulation  and  consequently  the  tissue  nutriment  thus  depends  to  a 
large  extent  upon  the  normal  respiratory  action. 
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Modifications  of  the  the  Normal  Respiratory  Movements.  The 
chief  function  of  the  thoracic  expansion  ancl  contraction  is  to  secure  ade- 
quate lung  ventilation.  There  are  subsidiary  functions  however,  discharged 
by  these  respiratory  movements  spoken  of  in  Physiology  as  special  respira- 
tory actions.  Some  of  these  respiratory  actions  are  volitional  and  some  of 
them  are  spasmodic.  Respiration  in  man  is  used  as  a means  to  give  vent  to 
the  feelings  and  emotions.  The  volume  of  air  expired  from  the  chest  is  also 
used  to  expel  certain  substances  from  the  upper  air  passages  in  this  way 
providing  for  a clearing  of  these  air  passages  so  as  to  aid  the  normal  respir- 
ation. Hence,  we  find  certain  peculiar  acts  which  are  not  peculiarly  respir- 
atory, although  they  assist  in  the  general  economy  of  nature.  These  actions 
are  all  reflex,  the  movements  being  determined  by  some  form  of  stimula- 
tion. 1st,  coughing.  Coughingconsists  of  a deep  inspiration  followed  by 
the-p.artial  closure  of  the  glottis,  and'a  s'udd'en  "expiration  during.,  which  the 
glottis  opens  forcibly  and  a volum'egof  air  is  forced  through  the  upper  respir- 
atodes,  in  some  cases"  foreign  substances  being  expelled  also.  Coughing 
represents  not  only  an  abnormal  state  of  the  respiratories,  it  may  also  indi- 
cate.  an  irritation  of  distant  parts  of  the  system,  such  as  the  stomach,  li yjjt, 
spleen,  uterus.  These  are  sometiiiies  hailed  Sympatfi'etic'cou’ghs.  Coughing 
is  either  a reflex  or  a voluntary  action.  The  afferent  impulses  arc  usually 
carried  by  the  superior  laryngeal,  as  for  example,  in  the  case  of  an  irritant 
substance  found  in  the  larynx.  Stimulation  may  also  arise  in  connection 
with  the  vagus  branches  to  the  bronchial  tubes  and  to  the  stomach.  Stimu- 
lation, also,  of  the  sensory  nerves  of  the  skin  may  produce  coughing,  as  in 
the  case  of  cold  drafts  of  air.  Sneezing  represents  a deep  inspiration  fol- 
lowed by  a strong  expiration.  This  expiration  being  strongest  in  its  passage 
through  the  nasal  cavity,  the  opening  from  the  pharynx  into  the  mouth, 
being  closed  by  the  contraction  of  the  pillars  of  the  fauces  and  the  falling 
of  the  soft  palate.  Sneezing  is  generally  a reflex  action,  resulting  from  the 
irritation  or  the  stimulation  of  the  nasal  branches  of  the  fifth  pair  of  cranial 
nerves.  In  the  case  of  sneezing  produced  by  a brilliant  light  the  optic  nerve 
is  the  afferent  nerve.  When  the  act  itself  is  coming  on,  manifested  as  it  may 
be  by  premonitary  signs,  it  may  be  stopped  by  the  firm  pressure  of  the 
finger  against  the  upper  lip,  or  by  the  close  pressure  of  the  lower  lip  against 
the  upper  lip.  In  laughing  there  is  an  inspiration  _succeeded  by  a number 
of  spasmodic  andTnferrupted  expirafuShs;  the  glottuflSeiTifT-dpened  and  the 
vocal  chords  vibrating  freely  at  ea'cli "’expiratory  movement.  The  expirations 
in  the  case  of  laughter  are  less  forceful  than  they  are  in  the  case  of  cough- 
ing. The  mouth. isv opened  and. the  muscles  of  expression  give,  to  the  face 
the  facial  characteristic  expression. 

In  the  case  of  crying  the  movements  of  respiration  aresomewhat  simi- 
larly modified  as.  in  the  case  of  laughing,  modified,  however,  by  certain  mus- 
cular movements:  It  is  this  that  makes  it  so  easy  to  pass  from  laughing  to 

crying  and  from  crying  to  laughing.  There  are  differences  however  in  the 
rhythmical  movements  and  also  in  the  facial  expressions.  Accompanying 
crying  there  is,  of  course,  a secreting  process  which  produces  the  tears  and 
also  in  laughing  if  laughing  is  carried  to  a large  excess.  In  sobbing  which 
sometimes  follows  crying  there  is  a series  of  convulsive  inspirations,  the 
glottis  being  partially  closes  so  that  little,  iFany"  air  passes  into  the  chest 
In  sighing,  on  the  other  hand,  there  is  a deep  and  long  inspiration  largely 
through  the  nasal  cavity  followed  by  an  expiration  of  shorter  duration. 
Yawning  is  also  a deep  .inspiration  during  which  the  mouth  is  opened,  usu- 
ally  accompanied  by  muscular  contraction  ol  the  shoulders  and  ol  the  back 
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and  by  the  lowering  of  the  under  jaw.  These  movements  are  normally  fol- 
lowed b)r  short ~e\'p matrons.  ~In~S noting  the  mouth  is  opened  and  air  freely 
- entering,  passing  in  and  passing  out  causing  the  palate  and  the  uvula  to 
vibrate  freely.  During  inspiration  the  sound  Is  very  marked  and  it  may  be 
absent  during  expiration.  In  gargling  the  throat  the  liquid  used  is  sus- 
tained between  the  palate  and  the  tongue  the  air  being  forced  through  the 
fluid  producing  the  characteristic  bubbling  sound. 

SECTIOM  VI- — Changes  in  the  Air  Daring  Respij'ation. 

It  is  only  in  comparatively  recent  times  that  the  necessity  of  fresh  air 
has  been  recognized  as  one  of  the  necessities  of  life.  Older  writers  did  not 
recognize  the  importance  of  respiration  at  all.  It  was  supposed  that  by  the 
inbreathing  of  air  the  air  passed  into  the  heart  itself  to  cool  the  heated  con- 
dition of  the  blood  and  to  arouse  the  spirits.  The  idea  of  cooling  the  blood 
by  respiration  was  the  prevailing  idea  until  the  17th  century.  It  was  in  the 
17th  century  that  Malpighi  discovered  the  existence  of  the  air  cells  in  the 
ungs.  It  was  at  this  time  that  the  air  was  found  to  be  necessary  to  life 
and  that  exchanges  take  place  between  the  air  and  the  blood.  Following 
this  we  find  experiments  that  indicated  the  variation  in  the  air  breathed  as 
a cause  of  life,  muscular  activity  and  healthy  or  abnormal  life  conditions. 
Following  these  was  the  discovery  of  carbonic  acid  and  oxygen,  the  one 
given  off  from  the  body  and  injurious  to  life,  the  other  taken  into  the  body 
and  beneficial  to  life.  At  this  point  the  atmosphere  was  analyzed  and  found 
to  contain  two  constituent  gases  varying  in  breathing  and  produces  varying 
results  when  breathed.  At  the  beginning  of  this  century  expired  air  was 
found  to  have  lost  oxygen,  to  have  gained  carbon  dioxide  and  aequeous 
vapor,  and  to  have  become  hotter.  Many  researches  have  been  made  with 
the  subject  of  discovering  the  amounts  of  these  substances.  The  method 
used  has  been  to  draw  through  a chamber  in  which  an  animal  is  placed  a 
continuous  current  of  air  whose  amount  and  composition  are  known. 

If  a certain  quantity  of  air  deprived  of  C02  consisting  only  of  O and  N 
passes  through  such  a chamber  some  O is  consumed  and  some  C02.  and  aque- 
ous vapor  are  given  off.  If  the  air  is  pulled  in  through  tubes  containing 
substances  that  will  absorb  C02  and  the  vapor  is  them  the  amount  of  C02 
and  vapor  will  be  represented  by  the  increase  in  the  weight  of  the  contents 
of  the  tubes.  By  such  experiments  as  these  various  physiologists  have 
found  that  about  500  C.  C.  at  30  cubic  inches  of  air  are  taken  into  the  lungs 
at  each  inspiration.  If  we  calculate  15  to  17  respirations  per  minute  this 
will  represent  about  1,080,000  C.  C.  in  24  hours  of  air  inspired.  While  the 
air  is  in  the  bronchial  tubes  the  tidal  air  makes  certain  inter-changes  with 
the  air  inside  these  vessels.  In  an  ordinary  inspiration  30  cubic  inches  or 
500  C.  C.  of  air  rushes  into  the  upper  part  of  the  pulmonary  passages  push- 
ing, as  it  were,  before  it  the  air  already  in  the  lungs  which  is  called  the 
stationary  amounting  to  about  200  or  300  cubic  inches.  Diffusion  now  takes 
place  between  the  new  or  tidal  air  and  the  stationary  air,  oxygen  diffusing 
from  the  former  downward  into  the  letter  while  carbon  dioxide  diffuses 
from  the  latter  to  the  former  upward.  At  the  next  expiration  following  the 
inspiration  30  cubic  inches  or  500  C.  C.  of  air  is  expelled,  170  C.  C.  of  this 
is  estimated  as  part  of  the  air  taken  at  the  immediately  preceeding  inspira- 
tion, the  remaining  330  C.  C.  being  vitated  air  returned  from  the  lungs. 
Hence,  of  the  500  C.  C.  taken  into  the  respiratory  traet  by  an  inspiration, 
33°  C.  C.  remain  in  the  pulmonary  system  gradually  passing  by  diffusion 
down  to  the  air  cells  and  reaching  these  in  the  time  occupied  by  about  five 
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inspirations.  In  the  expired  air  the  first  portions  expelled  are  atmospheric 
air  while  the  portions  of  C02  and  aqueougTvapor  gradually  increase  in  the 
air  that  is  expelled  in  the  latter  stages  of  expiration.  The  temperature  of 
expired  air  varies  but  it  is  usually  slightly  above  that  of  the  inspired  air. 
When  the  atmosphere  is  about  20°C  the  temperature  of  expired  air  in  the 
mouth  is  about  34°C  and  <n  the  nose  35-50C  if  the  temperature  of  the  air 
sinks  low.  expired  air  falls  slightly,  for  example,  at  y°C  the  expired  air  is 
about  29°C.  If  the  air  temperature  is  high  the  expired  becomes  cooler  than 
the  inspired  air,  for  example,  at  40°C  the  expired  air  is  37°C.  The  expired 
air  usually  follows  the  blood  temperature  depending  on  the  relation  of  the 
blood  temperature  to  the  atmosphere  and  the  breathing  rate,  the  change 
taking  place  not  in  the  lungs  but  in  the  upper  respiratories. 

The  average  composition  of  atmosphere  is  about  as  follows  : 

In  100  volumes  we  have  oxygen  20.90,  nitrogen  78.80,  C02  .05,  but,  of 
course,  there  is  a percentage  of  vapor  H 2 O about  .85.  There  are  also 
slight  quantities  of  nitric  acid,  carburretted  hydrogen,  ammonia,  and  also 
organic  and  inorganic  minute  substances.  The  aqueous  vapor  depends  on 
the  temperature,  being  higher  with  a higher  temperature.  The  moisture, 
like  the  heat,  is  imparted  not  in  the  lungs  but  in  the  upper  respiratories. 
Respiration,  therefore,  is  influenced  by  the  air  temperature  and  also  by  the 
air  pressure.  When  the  temperature  is  high  an  air  containing  less  oxygen 
is  breathed.  In  order  to  counterbalance  this  loss  of  oxygen  the  respira- 
tions become  deeper  and  also  more  numerous.  The  difference  between  the 
inspired  and  the  expired  air  is  an  important  element  in  connection  with 
respiration. 

(1).  Inspired  air  has  O 20.81  per  cent;  in  the  expired  air  that  amount  of 
oxygen  is  decreased  to  about  16.03.  (2).  The  nitrogen  is  about  79.00  per 

cent  in  the  inspired  air,  increased  to  about  79.50  per  cent  in  the  expired  air, 
(3).  The  C O2  varies  in  the  inspired  air  from  .04  to  .05.  In  the  expired 
air  it  increases  to  4.38  sometimesTo  5.  (4).  H2  Ovaries  in  the  inspired  air 

also  in  the  expired  air  with  the  temperature.  In  the  expired  air  the  Ho  O 
not  only  varies  w'ith  the  temperature  but  also  according  to  the  saturation 
of  the  vapor  with  certain  substances  containing  a quantity  of  organic  mat- 
ters which  give  the  odor  to  the  breath  and  some  of  which  are  poisonous. 
(5).  In  the  inspired  air  we  find  N H3  , the  organic  proportion  varying  with 
situation,  etc.  An  atmosphere  containing  one  per  cent  of  C 02  is  far  less 
hurtful  in  respiration  than  one  containing  the  same  portion  of  C02  added 
as  a result  of  respiration  of  the  living  organisms  in  the  atmosphere.  In  one 
breath,  for  example,  the  air  has  more  C 02  and  less  oxygen  at  the  close  than 
at  the  beginning  of  the  breath.  Hence,  if  the  breath  is  held  for  a long 
time,  that  is.  if  we  have  a pause  between  inspiration  and  expiration  the 
amount  of  C 02  is  greater  in  the  expired  air.  In  the  case  of  expired  as 
compared  with  inspired  air  we  notice  four  or  five  different  points.  First  of 
all,  the  expired  air  contains  almost  alohas*  five  per  cent  less  of  oxygen.  2dv 
It  contains  100  times  more  of  the  C 02  . 3d.  It  contains  about  l/2  per  cent 

more  of  nitrogen.  4th.  The  expired  air  is  generally  hotter  than  the  in- 
spired air.  The  temperature  of  expired  air  is  normally  about  37°C.  5th. 
The  expired  air  sometimes  contains  ammonia,  carburretted  hydrogen,  and 
also  the  volatile  gases.  The  volume  of  air  expired  at  any  one  respiration  is 
the  Sfime  normally  as  the  volume  that  is  inspired. 

The  volume  of  expired  air  however,  may  be  slightly  greater  than  the 
volume  of  inspired  air,  but  this  is  due  to  the  expansion  of  the  expired  air 
resulting  from  an  increased  temperature.  If  both  volumes,  the  volume  of 
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inspired  and  expired  air  are  measured  at  the  same  temperature,  and  at  the 
same  pressure,  the  volume  of  the  expired  air  is  slightly  less  than  the  volume 
of  the  inspired  air,  the  diminution  in  volume  amounting  to  1-40  or  1-50  of 
the  whole  volume.  This  diminution  is  due  to  the  fact  that  all  the  oxygen 
taken  in  during  inspiration  does  not  appear  in  the  expired  air  as  C O2.  Some 
of  it  having  been  retained  and  entering  into  the  formation  of  other  combi- 
nations within  the  body.  It  is  estimated  by  the  Physiologists  that  from  800 
to  2,000  grams  of  H2  O are  given  off  by  the  expiration  process  in  24  hours. 
It  is  believed  bv  Physiologists  that  the  larger  proportion  of  this  comes  from 
the  moist  walls  of  the  upper  respiratories.  This  conclusion  is  reached  from 
the  fact  that  dry  air  when  it  is  inspired,  becomes  quickly  moistened  in  pass- 
ing through  these  respiratory  passages.  This  gives  us  these  results:  1st, 
that  the  air  expired  is  saturated  with  vapor,  the  amount  of  water  which  a 
volume  of  gas  can  take  up  as  aqueous  vapor,  depending  on  the  temperature. 
The  higher  the  temperature  the  larger  the  amount  of  aqueous  vapor  being 
taken  up.  The  expired  air  is  then  saturated  with  this  aqueous  vapor  and 
this  saturation  takes  place,  not  in  the  lungs,  but  in  the  upper  respiratories. 
2nd.  The  volume  of  expired  air  is  smaller  than  the  volume  of  inspired  air 
to  the  extent  of  about  1-40  or  1-50  of  the  volume  of  inspired  air.  It  is  esti- 
mated that  700  grams  of  oxygen  are  absorbed,  and  900  grams  of  C02  in 
weight  are  eliminated  in  twenty-four  hours.  This  amount  of  C02  repre- 
sents 244  grams  of  carbon,  and  656  grams  of  oxygen,  so  if  we  subtract  this 
from  the  700  grams  absorbed,  we  have  left  44  grams  of  oxygen  disappear- 
ing through  the  body.  We  must  consider,  accordingly  this  fact  that  C02 
is  not  only  eliminated  from  the  body  by  the  lungs,  but  also  to  a slight 
extent  through  the  skin,  the  estimate  being  that  about  1-140  of  the  entire 
volume  of  C02  eliminated  from  the  body  is  eliminated  through  the  skin. 
These  numbers,  of  course,  are  subject  to  wide  variation,  depending  upon  the 
conditions  of  the  individual,  also  upon  the  condition  of  the  air  that  is 
breathed. 

Foster  states  that  in  his  own  observation  the  C02  has  varied  from  686 
to  1285  grams,  and  that  the  oxygen  has  varied  from  594  to  1072  grams,  these 
variations  depending  largely  upon  nutrition.  The  amount  of  C02  that  is 
eliminated  is  increased  by  rapid  and  deep  breathing.  After  a single  breath 
the  air  is  poorer  in  oxygen  and  richer  in  the  C02  ; hence,  if  the  breath  is 
held  for  a long  time,  there  is  a pause  between  the  inspiration  and  the  expir- 
ation and  the  C02  is  increased  in  the  air  that  is  expired.  The  relative  pro- 
portions of  oxygen  taken  in  and  the  C02  eliminated  vary  in  the  proportions 
between  these  being  represented  in  what  is  called  a respirator)'  quotient. 
I his  respiratory  quotient  is  found  by  dividing  the  variation  in  the  C02  by 
the  variation  in  the  oxygen,  that  is^‘  -.901.  Hence  when  a volume  of 
oxygen  is  lost  we  find  this  amount  .901  of  a volume  of  the  C02  gained.  This 
variation  is  less  during  sleep.  It  is  greater  in  middle  age  persons  than  in 
young  persons  and  in  old  persons.  Muscular  activity  and  an  increased 
amount  of  carbon  in  the  diet  will  also  increase  the  amount  of  C02  excreted. 
I he  principles  of  ventilation  demand  a proportion  of  oxygen  to  CQ2  that  is 
the  reason  why  the  Physiologists  have  estimated  this  respiratory  quotient 
so  as  to  have  an  adequate  foundation  for  the  principles  of  lung  ventilation. 
When  a number  of  persons  placed  in  a limited  space  with  little  or  no  venti- 
lation the  oxygen  is  diminished  and  the  C02  is  increased  also  the  aqueous 
vapor  and  the  organic  substances  are  increased.  If  an  animal  is  placed  in  a 
limited  space  without  any  air  renewal  the  air  gradually  loses,  its  oxygen  and 
becomes  more  full)-  charged  with  CQ2  If  the  proportion  of  oxygen  does 
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not  fall  below  15  per  cent  the  respiration  remains  normal.  From  15  to  7 
percent  the  lespiration  is  liable  to  become  labored,  inspiration  and  expir- 
ation. From  7 per  cent  to  4 per  cent  it  becomes  very  difficult.  If  it  falls 

under  four  per  cent  it  is  liable  to  result  in  asphyxia.  When  the  body  dies 

the  blood  contains  oxygen  and  this  oxygen  is  absorbed  into  the  tissues  of 
the  body.  The  quickness  of  asphyxia  proving  fatal  depends  upon  the 
amount  of  oxygen  in  the  limited  spaee  in  which  the  animal  lives.  When  an 
animal,  for  example,  is  placed  in  a confined  space  the  animal  accommo- 
dates itself  to  the  limited  amount  of  oxygen  and  it  will  live  in  an  atmos- 
pheie  so  satuiated  with  C02  as  to  cause  the  immediate  death  of  another 
animal  put  in  the  same  chamber.  Claud  Bernard,  for  example,  placed  a 
bird  under  a glass  globe  and  a few  hours  later  he  put  into  the  same  globe 
another  bird;  the  second  animal  died  in  a few  minutes  in  convulsions  while 
the  first  animal  survived  for  several  hours  and  continued  to  respire.  In 
addition  to  the  absence  of  oxygen  we  must  remember  the  presence  of  CO.,  . 

Air  that  is  suitable  for  breathing  should  not  contain  more  than  .07  per 
cent  of  C02.  Other  gases  are  given  out  from  the  body  which  give  to  the 
atmosphere  what  is  commonly  called  the  stuffy  character  arising  from  the 
lack  of  ventilation.  This  vitiation  is  increased  where  Coal  oil  or  gas  is  used 
causing  the  oxygen  to  be  consumed  and  also  filling  the  air  with  many  the 
dangerous  products  of  combustion.  Difference  of  opinion  exists  as  to  the 
nature  and  action  of  the  toxic  substances  in  vitiated  air,  depending  to  some 
extent  upon  the  place,  the  persons  and  their  circumstances,  which  are  indi- 
vidual to  the  person  or  to  the  place  in  which  the  person  is  found.  In  ad- 
dition to  the  CO2  , expired  air  contains,  as  we  have  said,  other  substances 
which  render  the  air  impure.  Small  quantities  of  ammonia  have  been  found 
even  in  the  air  taken  directly  from  the  air  passages.  By  condensing  the 
expired  air  into  a cooling  receiver  the  aqueous  vapor  has  been  found  to  con- 
tain organic  substances,  which  by  the  presence  of  micro-organisms  from  the 
air  inspired,  causes  organic  decomposition.  These  substances  in  this  con- 
dition produce  in  part  the  odor  of  the  breath.  Some  of  these  substances 
are  poisons,  either  on  account  of  some  poisonous  substance  directly  in  the 
air  expired  or  on  account  of  the  decomposition  of  organic  matter.  The  ex- 
pired air  is  sometimes  found  to  contain  ptomaines.  The  presence  of  these 
poisous  substances  make  the  air  very  injurious  to  the  system.  This  poison- 
ed air  is  due  more  to  these  substances  than  to  the  presence  of  C02  , these 
matters  accompanying  the  C02  and  being  usually  measured  by  the  propor- 
tion of  C02  found.  Hence,  the  problem  of  lung  ventilation  is  not  only  one 
of  providing  for  sufficient  fresh  oxygen  or  that  it  be  comparatively  pure,  but 
also  the  providing  air  comparatively  free  from  C02  and  accompanying  or- 
ganic substances  which  constitute  the  impurities  of  the  air  for  breathing 
purposes. 

The  object  of  ventillation  is  not  only  to  introduce  fresh  air,  but  to  di- 
lute the  C 02  so  as  to  restore  it  to  its  normal  condition.  It  is  estimated 
that  for  an  efficient  ventillation,  taking  into  account  the  size  of  the  person 
and  size  of  the  room  and  the  activity  of  the  person,  supposing  that  an  indi- 
vidual gives  off  900  grams  of  C O2  daily  and  that  CO2  is  kept  at  the  aver- 
erage  of  .07  volumes  per  cent,  2,000  cubic  feet  of  fresh  air  should  be  sup- 
plied for  each  individual  per  hour.  Pure  air  contains  4-10  volume  in  a thou- 
sand. If  it  contains  one  volume  per  thousand  it  is  impure  and  gives  off 
an  odor.  In  cases  of  muscular  activity  more  than  this  would  be  required 
on  account  of  the  increased  elimination  of  C O2  • When  persons  are  limi- 
ted to  certain  apartments  every  person  should  have  a thousand  cubic  feet  of 


CHANGES  JN  THE  AIR  DURING  RESPIRATIONS 


131 


space,  and  the  floor-room  should  be  at  least  1-10  of  this  and  fresh  air  should 
be  introduced  hourly.  In  the  case  of  large  rooms  where  a number  of  per- 
sons meet,  for  example,  lecture  rooms,  this  renewal  of  air  should  be  very 
frequent.  The  lung  capacity  represents  the  total  amount  of  air  that  can 
be  forced  into  the  lungs  by  the  most  forced  inspiration.  The  bronchial  ca- 
pacity is  the  capacity  of  the  bronchi  and  trachea,  estimated  about  8 ]/2  cubic 
inches. 

Ajweolar  capacity  .represents  the  amount  .of  air  that  can  be  qccommo- 
date^-fn-4b^sin.all  air  passages,  the,  alveo1j  being  smaller  during  evpi - 
ration  than-xlnring  inspiration.  During  normal  expiration  it  is  .about  120 
cubic  inches,  and  during  normal  inspiration  about  150  cubic  inches.  These 
are  distinguished  from  the  vital  capacity  which  represents  the  quantity  of 
air  that  can  be  expired  by  the  most  powerful  expiration. 

The  \TUiUlUtiQiL.ai  Hie  lung.l^rtificially  is  of  considerable-  importance 
The  trachea  is  exposed  and  a tube  in^rterl  intq  jt  through  whirh  air  ig  fr.rr.gd 
periodica  1hr_uP.o  the  hitms..hv  the  use  of  hellnws  or  the  pump  Srmn  irrtnr 
mentsjiQt  only  .cause. air  to.  .^inspired  but  alternately  to  be  expired  from 
the  lungs.  The  periodic  inspiration  is  called  positive_ventillation~  The  ex- 
piration is  called  negative  ventmation  and  thelwo  processes  alternated  com- 
pdti-ftd-vent illation.  In  the  human  subject  these  methods  are  very  danger- 
ous as  the  continuance  of  positive  ventillation  produces  cerebral  anaemia, 
fall  of  blood  pressure  and  body  heat.  Hall  and  Sylvester  have  described 
the  most  commonly  adopted  methods.  Hall’s  method  is  to  put  the  patient 
on  his  face,  supporting  the  chest  upon  a pillow,  then  turning  the  body  gent- 
ly a little  beyond  the  side  position  then  quickly  turning  the  body  oii^  the 
face,  repeating  this  process  about  fifteen  times  per  minute.  Raising  the 
body  on  the  chest  the  air  is  expired  ; when  the  body  is  raised  on  its  side  the 
an  is  inspired  freely.  At  each  turn  of  the  body  upon  the  face,  pressure  is 
brought  to  bear  upon  the  back  below  the  shoulder  blades,  the  pressure  be- 
ing removed  before  turning  the  body  again  on  its  side.  According  to  Syl- 
vester’s plan  the  patient  is  placed  upon  his  back  on  a solid  flat  surface  with 
the  head  inclined  slightly  downward  and  the  feet  upwards,  a pillow  or  small 
support  being  placed  beneath  the  shoulder  blades.  The  tongue  is  then 
pulled  forward  beyond  the  lips  and  by  the  use  of  an  elastic  band  around 
the  chin  and  elongated  tongue  it  is  kept  in  this  position.  From  above  the 
patient’s  head  the  arms  are  seized  just  above  the  elbows,  and  are  then  drawn 
gently  above  the  head  and  kept  in  this  position  for  2 or  3 seconds.  Then 
the  arms  are  turned  and  pressed  closely  against  the  sides  of  the  chest  for 
two  or  three  seconds.  These  movements  are  repeated  about  15  times  in  a 
minute  until  active  respiratory  action  takes  place  in  the  body. 


SECTION  VI I. -Changes  in  the  Blood  During  Respiration. 

As  the  blood  leaves  the  right  ventricle  it  is  venous.  When  it  is  brought 
back  to  the  left  auricle  it  is  arterial,  of  a bright  scarlet  color.  The  question 
that  anses  is  : “What  is  the  difference  betweeu— arterial  and  venous 

ttlOQd..  In  passing  through  the  punrroTTTTfy  capHTariesTthat  is,  during  pul- 
m on  ary  respiration  the  blood  changes  from  a daid^-Hrumle  to  a bright 
-scarlet  .tolut-  In  other  words  it  loses  C O2  and  gains  oxygtTiT  in 
passing  through  the  systemic  capillaries"  in  ~ tne  various  tissues  of 
the  body,  that  is  during  internal  respiration,  the  reverse  process 
takes  place,  the  blood  loses  its  oxygen  and  gains  C O,  Hence, 
the  biood  changes  from  a bright  scarlet  color  to  a dark  purple, 
t he  exact  nature  of  these  changes  in  the  pulmonary  alveoli  is  not 
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easily  determined.  It  would  seem,  however,  that  the  pulmonary  epithelium 
does  not  perform  any  particular  function  of  absorption  or  excretion  in  this 
process  and  that  the  interchange'  between  the  gases  of  the  blood  and  the 
gases  contained  in  the~~pulmQTiary  alveoli  is  determined  simply  by  the  law 
o'b  partial  pressure.  Oxygen  "passes  from  the air  cells. into, the  blood  be- 

cause the  tension  of  the  oxv^en  in  the  former  is  greater  than  the  tension  IDs 
theTafFer,  that  is,  the  hlood  which  reaches  the  lungs  through  the  pulmpnaiy 
artery,  while  the  tension  of  the  C 02  in  the  blood  is  greater  than  the  ten- 
sion cJFTKeTrasejrTnnLl^^  the  blood  both  in 

inspiration  and  expiration,  especially  during  inspiration.  C 02  is  also  escap- 
ing from  the'blood  in  inspiration  and  in  calm  expiration,  but  not  in  deep 
expiration.  The  venous  blood  becomes  arterial  if  it  is  exposed  *°  the  a^~ 
mosphere  or  if  it  is  mixed  with  oxygen,  whereas  arterial  blood  will  become 
venous  if  it  is  kept  in  a closed  vessel  or  subjected  to  a current  of  nitrogen 
or  of  hydrogen.  The  chief  difference  therefore,  between  the  venous  blood 
and  the  arterial  blood  is  in  the  amount  of  oxygen  and  the  amount  of  C 02 
contained  in  each.  The  other  differences  depend  upon  this  main  difference. 
The  ordinary  air  pump  is  not  sufficient  to  extract  the  gas  from  the  blood. 

Pfluger  has  invented  a mercurial  pump  which  is  a convenient  arrange- 
ment for  the  extraction  of  the  gases  from  the  blood.  This  pump  consists 
of  a long  barometric  tube,  the  upper  part  of  it  opening  into  a mercurial 
globe  with  the  upper  end  of  which  there  are  connected  two  tubes,  the  one 
tube  vertical  and  the  other  tube  horizontal — the  vertical  tube  communica- 
ting with  the  air  and  the  horizontal  tube  opening  into  a glass  receiver  in 
which  the  blood  is  placed.  At  the  openings  of  these  two  tubes  into  the 
globe  there  are  stopcocks. 

From  the  lower  end  of  the  barometric  tube  a rubber  tube  passes  into 
another  globe  of  larger  capacity  than  the  first  globe.  This  larger  globe  maj 
be  raised  and  lowered  by  means  of  a crank  arrangement,  the  object  ot  this 
arrangement  being  to  extract  the  air  out  of  the  blood  that  is  in  the 
receiver  very  rapidly.  After  the  air  has  been  removed  the  blood  is  put  into 
the  receiver,  out  of  which  the  air  has  been  removed.  The  blood  gases  under 
a minimum  pressure  then  escapes.  These  gases  pass  into  the  sma  g ° e 
from  which  they  are  driven  through  the  vertical  tube  and  then  gathered  in 
the  graduated  tubes.  By  means  of  this  graduation  the  amount  ot  gas  pen 
volume  of  blood  is  easily  measured.  The  total  amount  of  gas  being  oun 
the  amount  of  each  gas  may  be  easily  estimated  by  means  of  volumetnc 
analysis.  The  percentage  of  the  gases  obtained  from  the  two  kinds  ot  blooc 
measured  at  0°C  and  7 60  mm.  of  mercury  barometric  pressure  are  found  to 


be  as  follows:  . , „ . 

In  100  volumes  of  blood. — In  the  arterial  blood  we  find  20  pci  a- 
oxygen,  39  to  40  per  cent  of  C02  and  1 to  2 per  cent  ot  nitiogen.  n w 
venous  blood,  8 to  12  per  cent  of  oxygen,  46  per  cent  ot  C02  and  1 to  2 pt 
cent  of  nitrogen.  That  is,  the  variation  between  the  venous  blood  and  t 
arterial  blood  is  wholly  in  the  O and  the  C02,  the  nitiogen  is  intana  • 
This  means  that  arterial  blood  as  compared  with  venous  blood  contains 
8 to  12  per  cent  more  of  oxygen  and  about  6 per  cent  less  °.  2-  . 

Physiologists  say,  8 per  cent  less  of  C02  In  the  case  of  arterial  Wood  t her 
is  very  little  variation  throughout  the  arterial  system,  while  11  , , - ' 

blood  differences  occur  according  to  the  location  of  the  ) 00;  'e^e  ..  , 

example,  venous  blood  from  an  active  sccreton  glam  is  a 1110s 
with  the  arterial  blood,  while  if  the  gland  is  inactive  the  blood  is  chaiactcr 

istically  venous. 


CHANGES  IN  THE  BLOOD  DURING  RESPIRATION. 


133 


Lavoisier,  found  that  respiration  consisted  of  The  combustion  of  carbon 
and  of  hydrogen,  the  blood  furnishing  the  combustion  materials  and  the  air 
furnishing  theoxygen.  He  admitted,  however,  that  GO..  is  formed  directly 
""  -ven  in  the  hi norL  vessels  wherever  the  oxygen 


— uiuuu — vvnucvti  me  uAvgcii  can  come 

into  contact  with  the  carbon  found  in  the  blood.  His  successor,  Lagrange, 
believed  that  oxygen  is  dissolved  in  the  blood  combining  with  carbon  and 
hydrogen  to  form  C02  and  H20.  These  are  liberated,  the  C02  and  H20— 
in  the  lungs,  but  the  COz  production  does  not  depend  upon  the  oxygen, 
that  is,  the  oxygen  that  is  supplied  by  or  in  the  lungs.  If  an  animal,  for 
example,  is  placed  in  a chamber  with  nitrogen  or  hydrogen  in  place  of  the 
atmosphere,  the  C02  is  produced  to  the  same  extentas  in  the  normal  atmos- 
phere. ^ The  C02  also  is  found  in  the  body,  this  C02  being  supposed  by 
3°me  Physiologists  to  be  stored  in  the  capillaries,  and  from  these  capillaries 
to  be  passed  into  the  lungs. 

Two  theories  of  respiration  have  been  advanced  by  Physiologists  in 
lecent  years,  to  account  for  the  interchanges  between  the  blood  and  the  air. 
i>t,  the  combustion  theory.  This  theory  ascrihes  to  the  process  of  combus- 
tion in  the  lungs  the  production  of  the  C02  and  H20  aqueous  vapor;  and 
2d,  th£_sncretory  theory.  This  theory  denies  that  there  is  any  combustion 
process  jn  respiration,  whereas,  the  oxygen  becomes  absorbed  in  the  lungs 
and  then  becomes  diffused  through  the  other  tissues  of  the  body,  the  CO^, 
being  secreted  in  these,  absorbed  into  the  blood  and  then  carried  to  the 
HID.SS  and  given  off  in  the  expired  air.  Recent  investigations  in  connection 
h ith  the  gases  oi  the  blood  and  the  temperature  of  the  blood  as  found  in 
the  right  and  left  sides  of  the  heart  have  given  predominance  to  the  last 
theory  which  now  prevails  in  the  field  of  Physiology.  The  older  Physiolo- 
gists lejected  the  secretory  theory  on  account  of  the.  fact  that  no  proof 
ex istecLof-Jrec  oxygen  or  free  C02  in  the  blood.  The  same  obstacles  met 
those  who  defended  the  secretory  theory  because  if  the  process  of  inter- 
•change  takes  place  in  the  blood  then  certain  free  gases  must  be  found  in  the 
blood.  And  hence,  so  long  as  the  gases  of  the  blood  remained  unknown 
the  combustion  theory  prevailed.  Priestly  in  the  17th  eentury  1st  empha- 
sized  the  change  in  color  of  the  blood  as  being  due  to  oxygen  from  the  air, 
the  blood  becoming  purple  under  the  influence  of  C02  . Magnus  in  the 

century  invented  a mercurial  air  pump  by  the  use  of 
which  he  could  exhaust  a receiver  so  that  introducing  the  blood  into  the 
vacuum  CC)2  , ()  and  N.  could  be  liberated  from  the  blood.  To  him  we  are 
indebted  for  our  systematic  knowledge  of  the  gases  of  the  blood  and  he  is 
real  y the  founder  of  the  secretory  theory  of  respiration.  Gaseous  masses 
unlike  the  solid  and  the  fluid  masses  have  no  form  hence  gases  are  said  to  be 
ormless.  These  gaseous  masses  consist  of  a large  number  of  molecules 
a ways  tending  to  separate  from  one  another  on  account  of  mutual  repul- 
sions. Hence,  if  two  gases  meet  they  will  easily  intermingle  until  an  exact 
quantity  of  each  gas  enters  into  the  combination.  The  molecular  repulsion 
ls  called  the  gas  pressure  or  the  gas  tension.  The  physical  law  bearing  upon 
gas  is  that  the  greater  the  molecules  the  greater  the  tension.  Hence  the 
aw  o gases  is  that  the  pressure  is  in  inverse  proportion  to  the  volume.  If 
wo  gases  are  suspended  or  separated  from  one  another  by  a slight  mem- 
brane, they  will  mix,  passing  through  the  membrane  with  a speed  in  propor- 
ton  to  the  density  of  the  gases.  The  fluids  also  absorb  the  gases.  For 
example,  if  some  amonia  gas  is  placed  in  contact  with  water,  the  water  will 
rapidly  absorb  the  amonia  gas. 

The  higher  the  temperature  of  the  water  is  raised,  the  fluid  absorbs  less 
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of  the  gas,  and  when  the  fluid  reaches  boiling  point  no  gas  is  absorbed,  the 
cause  of  this  being  that  the  fluid  becomes  gas.  The  co  efficient  of  absorp- 
tion in  the  case  of  a fluid  for  a gas  is,  according  to  Bunsen,  the  number  rep- 
resenting the  gas  volume  reduced  to  0°C  and  at  760  mm.  Barometric  pres- 
sure taken  up  by  one  volume  of  the  fluid.  The  volume  of  gas,  then,  that  is 
absorbed  does  not  depend  upon  the  pressure  but  the  weight  of  the  gas  ab- 
sorbed rises  and  falls  in  proportion  to  the  pressure.  If  an  atmosphere 
above  a fluid  consists  of  two  or  more  gases,  absorption  will  take  place  in 
proportion  to  the  pressure  each  gas  would  have  if  alone,  in  the  place  of  the 
mixed  gases.  This  pressure  in  the  case  of  two  or  more  gases  is  called  the 
partial  pressure  of  gas,  according  to  Bunsen.  The  partial  pressure,  there- 
fore, depends  upon  the  volume  of  each  gas  in  the  combination  of  gases. 
Each  gas  forming  an  element  in  a mixture  exerts  a pressure  equal  to  its 
proportion  of  the  mixture.  For  example,  atmospheric  gas  is  under  the 
pressure  of  760  mm.  In  air  we  find  20  volumes  per  cent  of  O.  and  N.  79  vol- 
umes per  cent;  therefore,  the  partial  pressure  of  O would  be  760  times  20.81 
divided  by  100,  this  would  equal  158.16  mm.  represent  the  partial  pressure 
of  O.  In  the  same  way,  the  partial  pressure  of  N.  would  be  760  times  79 
divided  by  100  representing  about  600.04  mm.  of  mercury.  The  partial 
pressure  C02  would  be  found  in  the  same  way,  760  times  .04  divided  by  100 
would  give  us  about  .304  as  the  partial  pressure  of  C02.  If  above  a fluid 
containing  a gas  like  C02  there  is  another  gas,  say  the  atmospheric  gas,  as 
CO2  is  very  small  in  the  atmosphere,  its  tension  is  O,  the  CO2  will  escape 
from  the  fluid  until  there  is  an  equilibrium  between  the  CO,  in  the 
fluid  and  in  the  air,  that  is,  till  C02  tension  in  the  air  is  equal 
to  C02  tension  in  the  fluid.  This  tension  of  the  gas  represents 
what  we  call  partial  pressure  represented  in  mm.  of  mercury,  a tension  ex- 
erted by  the  gas  of  the  atmosphere  when  there  is  no  diffusion  between  the 
gas  in  the  fluid  and  the  gas  in  the  atmosphere.  By  using  these  results  in  con- 
nection with  arterial  and  venous  blood  we  find  (1)  that  both  kinds  of  blood 
contain  O,  C02  and  N.  (2)  the  difference  between  arterial  and  venous  blood 
is  in  the  amount  of  O and  C02  , (3)  the  gases  are  dissolved  in  the  blood  so 
that  respiration  is  simply  a process  of  diffusion,  C02  passing  out  and  O pas- 
ing  in  according  to  the  law  of  pressure.  Three  important  elements  enter 
into  the  process  of  respiration,  (1)  the  inspiratory  and  expiratory  mo\  e- 
ments  causing  a partial  mixture  of  the  air,  (2)  subsidiary  movements  such  as 
the  heart  pulsations  and  (3)  the  diffusion  of  O and  CO2  depending  upon 
the  law  of  partial  pressure.  The  venous  blood  containing  C02  blood 
temperature  and  with  a certain  pressure  enters  the  pulmonary  capillaries 
distributed  over  the  walls  of  the  alveoli  in  the  lungs.  These  air  cells  are 
filled  with  air  at  a certain  pressure  and  temperature.  If  the  pressure  of  CO* 
in  the  blood  is  greater  than  that  of  C02  in  the  air  vescicles,  C02  will  pass 
from  the  blood  till  equilibrium  is  restored.  Similarly  if  the  pressure  ol  O 
in  the  blood  is  g. eater  than  that  in  the  air  cells  O will  be  absorbed  until 
equilibrium  is  produced.  This  is  true  if  the  gases  are  simply  dissolved  in 
the  blood.  But  the  gases  exist,  as  Liebig  pointed  out,  in  the  blood  rather 
in  a state  of  loose  chemical  combination,  dissolution  taking  place  bv  lessen- 
ing the  pressure  in  the  vacuum  or  by  other  gases.  As  a result,  the  amount 
of  oxygen  absorbed  does  not  vary  exactly  with  the  pressure  but  decreases 
in  the  case  of  temperatures  below  the  atmospheric  pressure  and  increases  in 

pressures  above  atmospheric  pressure.  , , 

This  fact  is  proved  by  the  observation  that  blood  serum  does  not  absorb 
much  more  oxygen  than  does  water,  (blood  at  3°°  C containing  on  y - \o 
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limes  per  cent  of  O,  if  the  O is  dissolved  in  the  fluid,)  and  defibrinated 
blood  absorbs  oxygen,  the  amount  depending  not  upon  the  pressure  but 
upon  the  amount  of  the  pure  haemoglobin  that  is  found  in  connection  with 
the  blood.  In  the  same  vvay  C02  is  in  a state  of  loose  chemical  combina- 
tion, only  a small  quantity  being  subject  to  the  law  of  partial  pressure. 
I his,  of  course,  would  be  explained  on  the  secretory  theory,  that  the  pul- 
monary membrane  is  actively  engaged  in  the  secretory  process.  The  gases 
of  the  blood,  in  this  case,  instead  of  existing  in  a simple  solution,  are  largely 
in  combination  with  the  blood  so  that  its  escape  from  the  blood  is  by  a pro- 
cess of  dissociation.  Berzelius  has  shown  that  100  volumes  of  water  absorbed 
at  a given  temperature  and  pressure  three  volumes  of  oxygen.  100  volumes 
of  blood  serum  absorbs  3 1-10  volumes  of  oxygen,  and  100  volumes  of  blood 
wdl  absorb  9 6-10  volumes  of  oxygen.  There  must  be,  therefore,  something 
in  the  blood  which  assists  or  causes  the  absorption  of  such  a proportion  of 
oxygen.  The  haemoglobin  has  been  found  to  play  an  important  part  in 
respiration,  and  as  we  will  see  later,  this  haemaglobin  is  the  element  in  the 
blood  which  absorbs  oxygen  according  to  the  law  of  p;q-tial  pressure..  The 
coloring  matter  of  the  blood  is  found  to  exist  in  two  states*,  t&eg differences 
being  represented  by  difference  in  color.  These  two  states  mp^'^n.t  differ- , 
ences  in  oxidation.  This  is  found  in  connection  with  the  spectroscope.  Only 
a smaH  quantity  of  O is  absorbed  according  to  the  law  of  partial  pressure, 
the  great  mass  of  oxygen  being  in  combination  with  the  haemoglobin.  On  the 
other  hand  the  C02  seems  to  be  associated  with  some  substances  in  the 
blood  plasma  and  that  its  dissociation  is  connected  with  some  substance  in 
* n riC^  colpuscles.  The  haemoglobin  when  it  is  united  with  oxygen  is 
called  Oxyhaemoglobin.  Haemoglobin  is  an  amorphous  powder,  or  crystal 
ini  yeiysoluble  in  water.  Crystallized  hemoglobin  readily  absorbs  and 
holds  in  combination  a quantity  of  oxygen  equal  to  that  found  in  a volume 
ot  blood  containing  the  same  amount  of  hemoglobin.  This  gives  us,  then 
a special  function  for  the  red  corpuscles  of  the  blood  in  connection  with 
respiration.  The  hemoglobin  of  the  blood  in  the  pulmonary  artery  absorbs 
oxxgen  becoming  oxyhemoglobin,  carrying  it  to  the  tissues  where  the  oxy- 
hemoglobin is  reduced.  Thus  the  coloring  matters  of  the  red  corpuscles 
are  constantly  carrying  the  oxygen  from  the  lungs  to  the  tissues,  the  asso- 
ciation and  the  dissociation  taking  place  without  destroying  the  hemoglo- 
b‘n-  In  regard  to  the  C02  our  knowledge  is  less  definite.  The  greater  part 
ot  the  CQ2  is  found  in  the  blood  plasma.  Defibrinated  blood,  for  example 
yields  only  a little  more  <*'02  than  the  serum  of  the  blood  to  the  same 
amount,  blood  serum  in  a vacuum  yields  about  30  volumes  per  cent  of 
^Ua-  11  * mineral  organic  acid  is  added  to  the  serum  the  per  cent  will  be 
very  small, amounting  only  to  about  6 volumes  percent.  Defibrinated  blood 
on  the  other  hand,  will  yield  40  volumes  per  cent  of  the  C02  the  yield  of  a 
1 tie  more  ( ()2  from  the  same  amount  of  defibrinated  blood  than  in  the  case 
ot  the  blood  serum,  being  supposed  to  be  due  to  something  in  the  defi- 
brinated blood  which  acts  the  part  of  an  acid.  There  must  be  some  chemi- 
cal substances  for  the  absorption  of  the  CC)2  of 
gists  have  suggested  plasma  albumin.  As  yet, 
full}-  investigated  by  the  Physiologists  so  that 
substance  causes  or  produces  this  absorption, 
place  is  as  follows: 

hv  JJg  air  is  in  some  way  separated  in  the  air  cells  of  the  lungs, 

> he  fine  epithelial  cells  and  the  endothelial  cells  of  the  pulmonary  capil- 
laries from  blood  circulating  in  them.  This  interchange  is  through  a fine 


the  blood.  Some  Physiolo- 
however,  this  subject  is  not 
we  can  say  definitely  what 
In  all  probability  what  takes 
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porous  membrane.  The  oxygen,  as  vve  have  said,  is  loosely  bound  to  the 
1 Hemoglobin  of  the  corpuscles;  hence,  the  law  of  diffusion  applies  only  in  so 
far  as  it  must  pass  into  the  plasma  of  the  blood  so  as  to  reach  the  corpus- 
cles. The  corpuscles  of  the  venous  blood  return  from  the  tissues  with 
reduced  haemoglobin.  Oxygen  enters  the  plasma  from  the  air  and  the 
haemoglobin  at  once  takes  up  a fresh  supply  of  this  oxygen.  If  the  oxygen 
were  not  loosly  combined  with  the  haemoglobin,  the  oxygen  alone  would  be 
absorbed,  and  the  amount  that  is  absorbed  would  depend  upon  barometric 
pressure  at  the  time,  varying  at  different  times  with  the  variation  in  the 
pressure,  and  only  with  the  variation  of  the  pressure.  If  this  is  true,  such 
variation  would,  materially,  interfere  with  the  conditions  of  health.  This  is 
evident  from  the  fact  that  in  high  altitudes  as  well  as  in  deep  mines,  the 
health  of  thn  blood  is  not  materially  affected,  although  the  pressure  rises 
and  falls  considerably  for  the  oxygen  exists  in  a loose  chemical  combina- 
tion independent  of  the  law  of  partial  pressure.  In  the  case  of  C02  it  is 
found,  as  we  have  said  before,  almost  exclusively  in  the  blood  plasma,  a 
small  part  of  the  C02  being  absorbed,  and  a large  part  chemically  bound 
either  with  sodium  carbouate  or  with  the  acid  of  sodium  carbonate  and 
sodium  phosphate.  In  the  air  C02  is  found  only  in  small  traces.  The  aii 
of  the  lungs  is  never  wholly  expelled,  some  of  the  air  that  is  rich  in  the 
C02  always  remaining  in  the  lungs.  Hence,  the  mixture  of  the  inspired  air 
with  the  air  of  the  air  vescicles  makes  the  latter  air  rich  in  oxygen  and  poor 
in  the  C02. , although  there  is  more  C02  than  in  atmospheric  air. 

The  pressure  of  C02  in  the  venous  blood  is  found  to  be  almost  50  per 
cent  more  than  that  of  the  air  cells.  C02  then  passes  from  the  blood  into 
those  air  cells  till  equilibrium  is  attained.  Before  this  is  attained,  howe\er,. 
expiration  begins  and  expiration  has  driven  out  a portion  of  the  air  so  that 
the  pressure  of  the  C02  again  becomes  less  than  the  blood.  Duiing  expira- 
tion  and  the  pause  following  it,  still  further  elimination  of  C02  takes  place. 
In  expiration,  then  all  the  air  is  not  driven  out  of  the  lungs  for  if  it  was  so 
then  no  diffusion  could  take  place  during  expiration  and  the  pause  following 
it,  Diffusion  could  only  be  possible  during  inspiration.  The  separation  of 
the  C02  in  this  case  from  the  pulmonary  blood  would  be  incomplete, 
changes  being  found  only  in  the  rapidity  of  the  process  which  would  mater- 
ially interfere  with  the  respiratory  changes  in  connection  with  the  blood 
necessary  to  carry  on  the  normal  process  of  respiration. 

Having  discussed  these  changes  that  take  place  in  connection  with  the 
gases  of  the  blood  it  is  necessary  now  to  inquire  what  are  the  causes  of  t e 
piionn-oe  * L o t wrt*  L Qirp  nhsprvpH  The  absorDtioii  bv  oxygen  of  the  blooc , as 


culiar  relation  between  the  haemoglobin  an 


In  order  to- 
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haemoglobin  is  given  up  in  the  solution.  If  dilute  acetic  acid  be  then  added 
the  alkaline  reaction  is  reduced,  and  if  alcohol  is  then  added  to  the  solution 
to  the  extent  of  one-fourth  of  the  solution  and  if  the  solution  be  apart  at 
0°  C the  haemoglobin  in  the  solution  will  be  crystalized.  These  crystals 
bsing  separated  by  the  process  of  filtration.  These  crystals  vary  in  the  case 
of  the  blood  of  different  animals.  These  haemoglobin  crystals  are  said  to 
contain,  for  example,  in  the  case  of  the  dog’s  blood  of  C 53.85,  O 21.84,  N. 
16.17,  H.  7.32,  S.  .30,  and  iron  .43.  Iron  is  found  in  small  quantities  and  it 
is  a characteristic  element  of  the  haemoglobin.  If  these  crystals  are  exam- 
ined microscopically  they  are  found  to  possess  the  bright  scarlet  hue  of 
arterial  blood,  in  masses  they  are  much  darker.  If  these  crystals  are  placed 
upon  a slide  with  a few  drops  of  distilled  water  the  same  arterial  color  may 
still  be  observed.  This  same  solution  placed  in  front  of  the  spectroscope 
absorbs  some  rays  of  light,  two  very  marked  absorption  bands  being  observ- 
able. These  absorption  bands  are  characteristic  marks  in  the  identification 
of  blood.  The  intensity  of  the  bands  depending  upon  the  strength  of  the 
crystaline  solution.  Under  the  micro-spectroscope  the  same  marked  appear- 
ances are  presented  by  the  crystals  of  haemoglobin.  If  these  haemoglobin 
crystals  are  placed  in  the  mercurial  pump  vacuum  there  is  a change  in  color 
and  the  oxygen  is  driven  off.  This  indicates  that  there  are  two  volumes  of 
O in  the  haemoglobin,  (1)  the  oxygen  found  in  the  molecular  composition 
of  haemoglobin,  and  (2)  a quantity  loosely  combined  with  haemoglobin  and 
therefore  easily  dissociated  under  the  influence  of  pressure.  If  this  second 
quantity  of  O is  dissociated  the  change  of  color  takes  place,  the  crystals 
being  dark  purple  in  the  th'ck  parts  and  greenish  in  the  thinner  parts  at  the 
marginal  edges.  In  the  case  of  a solution  of  haemoglobin  we  find  the  same 
quantities  of  O which  may  be  liberated  by  the  low  pressure  of  the  air  pump 
or  by  passing  through  the  solution  a stream  of  hydrogen,  resulting  in  the 
change  of  color  from  the  bright  scarlet  to  the  deep  purple.  When  this 
reduced  solution  of  haemoglobin  is  examined  spectroscopically  the  two 
absorption  bands  formerly  seen  in  the  unreduced  solution  give  place  to  a 
single  absorption  band  wider  and  more  faint  in  color,  the  single  band  lying 
about  midway  between  the  two  bands  of  the  unreduced  solution.  If  this 
haemoglobin  solution  which  has  been  deprived  of  all  the  loosely  combined 
O is  exposed  to  the  atmosphere,  O is  at  once  absorbed.  The  amount  of  O 
absorbed  if  there  is  an  atmosphere  filled  with  O amounts  to  the  full  combi- 
nation in  the  haemoglobin  as  found  in  the  blood,  each  gram  of  haemoglobin 
absorbing  1.59  of  O.  If  the  full  complement  is  taken  up  the  haemoglobin 
changes  from  the  dark  purple  color  to  the  bright  scarlet  hue.  In  these 
changes  we  have  from  the  standpoint  of  physiological  physics  the  explana- 
tion in  part  at  least  of  the  changes  taking  place  in  the  blood  in  connection 
with  respiration  and  an  explanation  of  these  changes  of  color  in  venous  and 
arterial  blood.  When  the  venous  blood  leaves  the  right  ventricle  there  is 
too  small  a proportion  of  haemoglobin  for  the  red  corpuscles.  Hence  the 
dark  color  of  the  blood.  In  ordinary  venous  blood  when  examined  after 
dilution  under  the  spectroscope  the  two  characteristic  absorption  bands  are 
observed.  1 he  haemoglobin  is  only  partly  reduced  in  this  condition,  there 
being  a quantity  of  loosly  combined  O.  The  venous  blood  only  loses  this 
O after  death  resulting  from  asphyxia  when  the  venous  blood  becomes 
characteristically  venous,  the  haemoglobin  being  reduced  and  exhibiting  the 
one  broad  absorption  band  instead  of  the  two.  When  the  venous  blood 
goes  through  the  lung  capillaries  it  takes  up  O from  the  air,  the  red  corpus- 
cles being  oxyhajmoglobinized,  that  is,  almost  completely  saturated  with  the 
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O and  changing  to  the  bright  scarlet  color.  When  the  blood  goes  out  from 
t k left  \ enti  icle  and  enters  into  the  tissues  through  the  capillaries  this  oxy- 
Temoglobin  once  more  loses  its  O and  again  becomes  venous,  the  haemo- 
globin being  the  oxygen  carrier.  Hence  the  chief  difference  between  the 
arterial  and  venous  blood  is  the  presence  in  the  former  and  the  absence  in 
the  latter  of  oxygen  in  combination  with  haemoglobin. 

In  addition  to  this  there  are  subsidiary  causes  that  enter  into  the 
change.  By  the  swelling  of  the  corpuscles,  it  loses  to  a certain  extent  its 
power  of  refraction  ; hence  the  number  of  rays  that  pass  into  and  are  ab- 
sorbed within  it,  multiply  beyond  the  number  of  those  that  are  reflected 
fiom  the  marginal  surface.  Ihis  swollen  condition  may  be  due  to  water  or 
to  the  presence  of  C02  ; hence  the  presence  of  water  or  C Oz  tends  to  in- 
ci ease  the  venosity  of  the  blood.  On  the  other  hand,  the  presence  of  salts 
tends  to  contract  the  corpuscles  reducing  this  venous  condition.  The  pe- 
culiarity of  the  combination  of  O and  haemoglobin  is  its  loose  character, 
that  is,  the  readiness  with  which  the  association  and  dissociation  takes 
place  without  destroying  the  integrity  of  the  haemoglobin.  The  haemo- 
globin will  associate  with  other  gases  in  the  same  way.  If  C O is  brought 
into  contact  with  haemoglobin  by  causing  diffusion,  the  color  is  changed  to 
a bluish  hue,  the  association  taking  place  between  C O and  haemoglobin, 
although  not  so  freely  as  with  O.  C O is  sometimes  used  for  this  reason, 
to  drive  out  O from  the  blood  so  as  to  measure  the  volume  of  O present  in 
the  blood.  It  is  this  that  makes  C O so  dangerous  when  inhaled,  driving 
out  the  O from  the  blood,  the  reduced  and  unreduced  haemoglobin  freely 
associating  with  C O in  the  venous  blood,  producing  a bright  cherry  color 
in  the  blood  after  death.  This  C O haemoglobin  cannot  be  used  in  respira- 
tion because  it  cannot  absorb  O,  although  it  exchanges  its  C O for  O vety 
slowly.  This  produces  death  by  suffocation  on  account  of  the  absence  of 
O,  the  blood  not  becoming  very  venous  but  bright  colored  on  account  of 
the  presence  of  C O.  The  diffusion  of  haemoglobin  takes  place  with  diffi- 
culty on  account  of  its  proteid  character.  Haemoglobin  is  a colorless  pro- 
teid  associated  with  a coloring  substance',  haematin,  of  a brownish  red  color. 
If  a solution -of  haemoglobin  is  heated,  coagulation  takes  place,  the  color 
of  the  coagulum  being  brown  on  account  of  the  presence  of  haematin. 
This  haematin  when  freed  from  combination  with  globin  is  a brownish 
amorphous  powder  with  a bright  metallic  polish.  When  iron  is  extracted 
under  the  influence  of  sulphuric  acid  it  still  retains  its  color  but  ceases  to 
combine  with  O,  indicating  that  the  iron  element  is  an  important  constituent 
of  haemoglobin,  in  the  respiratory  function,  although  it  is  not  known  what 
part  it  plays  in  respiration. 

After  the  decomposition  of  blood  the  haemoglobin  is  changed  into 
methaemoglobin,  the  only  difference  as  yet  known  being  that  the  O is  more 
stable,  being  more  firmly  connected  with  the  molecules.  Thus,  the  conclu- 
sion reached  in  regard  to  the  interchange  of  O in  the  blood,  is  that  only  a 
small  proportion  of  the  O is  absorbed  on  the  basis  of  the  law  of  partial  pres- 
sure, the  large  proportion  being  in  loose  combination  with  the  haemoglobin 
this  combination  being  of  such  a nature  that  while  O freely  unites  with  the 
haemoglobin,  it  also  becomes  dissociated  at  a low  pressure  or  by  the  action 
of  indifferent  gases,  or  under  the  influence  of  substances  which  have  a 
stronger  affinity  for  O than  the  haemoglobin.  In  the  venous  blood  the 
haemoglobin  is  reduced  while  in  arterial  blood,  the  haemoglobin  has  a large 
proportion  of  O in  combination  with  it,  the  purple  color  of  reduced 
haemoglobin  giving  to  the  venous  blood  its  dark  hue,  and  the  scarlet  color 
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of  oxyhaemoglobin  to  the  arterial  blood  its  bright  scarlet  color.  The  CO* 
in  the  blood  depends  upon  other  circumstances  not  so  clearly  understood. 
The  CO*  does  not  depend  upon  the  law  of  pressure,  and  it  is  not  simply 
dissolved  in  the  blood:  it  is  in  association  with  some  subst^nre^  and  can 
only  be  liberated  by  dissociation.  It  seems  to  be  more  largely  in  the  blood 
plasma  than  in  association  with  the  red  corpuscles.  If  blood  serum  be 
passed  through  the  mercurial  pump,  a large  proportion  of  C02  is  given  off. 
This  is  called  the  loose,  C02 , If  an  acid  is  used,  an  additional  quantity  of 
C02  will  be  given  off  from  the  solution  called  fixed  C02.  If  a volume  of 
blood  is  passed  through  the  mercurial  pump  all  the  CQ2  will  be  given  offT 
indicating  that  all  the  C02  in  the  blood  normally  is  in  loose  combination, 
loosely  associated  with  some  substance  in  the  blood  plasma,  the  substance 
itself  being  unknown. 

In  the  case  of  O we  find  not  only  the  haemoglobin  in  individual  mole- 
cules, but  collected  in  masses  and  bound  up  in  the  corpuscles.  The  haemo- 
globin is  separated  from  the  air  in  the  alveoli  by  the  plasma  and  the  mem- 
brane of  the  capillary  and  alveolar  walls,  corpuscle  being  separated  from 
corpuscle,  and  therefore  the  haemoglobin  in  each  corpuscle  is  separated  by  a 
plasma  layer  through  which  the  O must  pass  in  order  to  reach  the  haemo- 
globin. 


Each  corpuscle  occupies  a certain  area  in  the  plasma,  the  pressure  of 
the  air  in  the  alveoli  and  in  the  plasmic  solution,  and  the  amount  of  O in 
the  haemoglobin  determing  the  interchange  between  the  air  and  the  blood. 
The  plasma  acts  very  much  like  the  water  solution  in  regard  to  the  absorp- 
tion and  elimination  of  O,  the  membrane  of  the  capillary  and  alveoli  wall  be- 
ing kept  moistened  by  the  lymph  so  that  the  living  membrane  under  the 
influence  of  moisture  assists  in  the  gaseous  diffusion.  Under  the  influence  of  a 
reduced  pressure  arterial  blood  ceases  to  take  up  O.  This  point  in  the 
reduction  of  pressure  is  represented  as  below  the  300  mm  barometric  pres- 
sure mark,  that  is,  when  the  reduction  of  O in  the  atmosphere  amounts  to 
more  than  one  half,  atmospheric  pressure  being  760  mm  B.  M.  If  the  O of 
the  air  is  gradually  reduced  after  the  O falls  below  10  per  cent  of  the  atmos- 
phere dyspnoea  follows; hence,  it  is  said  that  at  17,000  feet  above  the  normal 
level  of  the  atmosphere,  the  atmospheric  pressure  is  reduced  to  about  300 
mm  and  the  partial  oxygen  pressure  is  such  that  venous  blood  is  unable  to 
take  up  oxygen  sufficient  to  convert  it  into  arterial  blood,  resulting  in  con- 
siderable difficulty  in  breathing, 

In  the  case  of  C02  it  would  seem  that  there  is  a diffusion  from  the  blood 
in  the  minute  capillaries  surrounding  the  alveoli  into  the  air  in  the  alveoli. 
In  order  to  this  the  pressure  in  the  pulmonary  artery  must  be  always  greater 
than  the  pressure  in  the  pulmonary  vein.  The  alveolar  pressure  of  C02  is 
very  difficult  to  estimate  because  the  C02  comes  from  the  blood  into  the 
alveoli.  The  experiments  seem  to  indicate  that  the  passage  of  the  C02 
from  the  blood  into  the  alveoli  takes  place  by  diffusion.  If  a catheter  sur- 
rounded by  a small  sac  is  injected  into  the  bronchus  of  a dog  so  that  by 
inflating  the  sac  the  bronchus  can  be  occluded,  in  this  way  the  entrance  of 
tresh  air  can  be  stopped  while  a sample  of  the  air  in  this  portion  of  the 
lung  can  be  taken  out  by  the  catheter  and  analyzed  to  discover  the  amount  of 
LU2.  In  this  way  it  is  found  that  the  physical  loss  of  diffusion  explains  the 
passage  of  C02  from  the  pulmonary  capillaries  into  the  pulmonary  alveoli 
In  the  mixing  of  air  in  the  lung,  the  first  force  brought  into  play  is  the  prin- 
ciple ot  diffusion  depending  upon  the  partial  pressure  at  the  different  points 
on  the  respiratory  system.  The  differences  in  the  partial  pressure  depend 
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upon  the  estimates  we  have  already  given.  Knowing  the  composition  of 
the  mixed  gases  the  partial  pressure  is  easily  estimated,  each  gas  constitut- 
ing an  element  of  the  combination  exerting  a partial  pressure  equivalent  to 
its  proportion  of  the  combination.  The  first  part  of  air  expired  contains  a 
large  proportion  of  inspired  air  and  a small  amount  of  air  found  in  the 
respiratory  passages  preceding  inspiration. 

As  the  process  of  inspiration  advances,  more  of  the  vitiated  air  comes 
from  the  lower  respiratories,  and  less  of  the  inspired  air  enters  into  the 
combination,  the  lgst  of  the  expired  air  being  almost  wholly  air  from  the 
lung  alveoli.  O is  constantly  being  diffused  from  the  upper  respiratories 
to  the  smaller  air  passages  and  the  alveoli,  in  other  words  from  greater 
pressure  to  lesser  pressure.  Equilibrium  cannot  be  established  because 
freshly  inspired  air  is  constantly  entering  and  after  entering  the  lungs  is 
constantly  passing  into  the  blood.  The  COo  is  also  constantly  being  dif- 
fused under  the  influence  of  pressure,  the  C02  passing  from  the  blood  to 
the  alveoli,  increasing  the  volume  of  C02  in  the  lungs  and  causing  the  pas- 
sage from  greater  pressure  to  lesser  pressure,  the  C02  being  diffused  from 
the  lungs  outwards.  Secondly,  the  mixture  of  air  in  the  lungs  takes  place 
under  the  influence  of  the  tidal  waves  of  inspiration  and  expiration,  an  air 
force  pressure  which  causes  partial  diffusion  of  the  gases.  In  the  upper 
respiratories  there  is  little  difference  between  the  gases  in  the  air 
and  the  gases  in  the  respiratories.  At  each  respiration  a fresh  volume  of 
air  is  introduced  and  about  3-5  of  this  volume  is  carried  to  the  lungs  while 
during  expiration  a similar  volume  of  vitiated  air  passes  from  the  lungs 
into  the  upper  respiratories.  In  this  way  there  is  a tidal  current  that  assists 
in  promoting  the  diffusion  of  the  gases.  Thirdly,  the  cardiac  pulsations 
exert  a similar  influence.  At  each  heart  beat  there  is  set  up  a movement  of 
the  gases  which  tends  to  promote  diffusion.  This  force  plays  a very  im- 
portant part  in  the  continuation  of  respiration  during  suspended  animation 
and  in  the  case  of  the  hybernating  animals.  Thus,  it  is  impossible  to  ac- 
count for  the  diffusion  of  the  gases  on  the  principles  of  diffusion  alone. 
Physical  and  mechanical  forces  diffuse  the  (J  to  the  plasma  where  it  comes 
into  association  with  haemoglobin.  On  chemical  principles  the  union  of  O 
and  heamoglobin  takes  place  at  a low  pressure.  In  addition  to  this  the 
tissues  of  the  luugs  act  as  a secretory  membrane,  thus  assisting  in  the  pro- 
cess of  diffusion.  This  is  equally  true  of  O and  C02  although  the  ev  idence 
in  favor  of  it  so  far  is  not  entirely  conclusive. 

SECTION  Till— The  Respiratory  Changes  in  Connection  with  the  Tissues 

What  takes  place  in  the  pulmonary  capillaries  in  connection  with  the 
afr  cclls~also~  happens  m connection  with  the  sYSTemic  mpilltiries,  the-  fluid 
transuding  through  the  capillary  walls  and  bathing  the  entire  tissues,  the  O 
passing  into  this  fluid  ail'd  also,  of  course,  collecting  the  CO*  front  the  tis- 
sues-and“T>assmg  this  into  the  blood.  The”  only  difference  in  connection 
with  -the  'HSKUCsTs  tll'af  the  comparative  tension  or  pressure  of  the  O and  the 
C02  within  the  vessels  and  without  the  vessels  in  the  tissues  is  found  to  be 
just  the  reverse  of  those  found  in  connection  with  the  lungs;  the  tension  of 
the  gases  in  the  fluid  being  greater  than  the  tension  of  the  gases  in  the  tis- 
sues. The  tension  of  the  CLmJdve  tissues . is  e.\tremely  low  for  this  gas^that 
isj.be  O,  does  not  remain  free  in  the  tissues,  but  the  O at  once  enters  into 
cornBTiTafTon  with  the  tissue  element  and  with  some  substance  or  substances 
found  in  connection  with  those  tissues  becoming  a part  of  the  tissue  sub- 
stance itself.  Hence,  the  tension  of  the  O in  the  blood  is  much  greater 
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than  the  tension  of  the  O in  the  tissues  and  this  gas,  therefore,  freely  es- 
capesrfrom  ttre'blood  into  the  tissues.  During  the  active  contraction  of  the 
muscle,  the  protoplasmic  substance  passes  through  rapid  decomposition 
changes,  including  the  formation  of  C02.  On  the  other  hand,  the  tension  of 
C02  in  the  tissues  is  greater  than  the  tension  of  the  C02  in  the  arterial 
blood.  Consequently  C02  passes  from  the  tissues  into  the  blood  changing 
the  blood  from  a bright  scarlet  to  a venous  color  or  a deep  purple.  The 
pressure  of  the  C02  in  the  lymph  is  also  less  than  the  pressure  of  the  C02 
in  the  venous  blood.  It  seems  difficult  to  understand  that  this  is  so,  how 
the  venous  blood  can  absorb  the  C02  . The  lymph,  however,  has  modified 
its  pressure  by  contact  with  arterial  blood,  both  in  the  tissues  and  in  the 
lymphatics.  The  pressure  of  the  CO,  in  the  tissues  is  estimated  at  45  mm. 
and  the  pressure  of  the  CO,  in  the  venous  blood  is  estimated  at  41  mm.  of 
mercury.  The  CO,  that  is  thus  set  free  is  then  absorbed  by  the  blood 
loosely  combining  with  the  carbonates  and  phosphates  found  in  the  blood. 
The  blood  thus  represents  the  medium  of  respiration  containing  within  it 
the  gases  in  solution.  This  has  an  important  bearing  upon  breathing  in 
connection  with  the  tissues.  It  was  first  found  that  the  tissues  of  the  body 
as  well  as  the  fluids  and  the  skin  took  up  O and  gave  out  the  C02  . Liebig 
was  the  first  to  point  out  that  fresh  muscle  used  up  O and  gave  out  C02 
depending,  to  a large  extent,  upon  the  blood  supply  found  in  the  muscles. 
This  was  followed  by  the  observation  of  other  Physiologists  who  found  that 
the  contraction  of  muscles  used  up  a large  amount  of  O and  eliminated  a 
larger  amount  of  C02  than  the  muscles  which  are  inactive.  Muscle  is  thus 
found  to  possess  a great  absorption  power  for  the  O.  In  this  way  we  find 
that  the  entire  body  takes  part  in  respiration  and  not  as  was  at  first  supposed 
simply  the  respiratory  system.  The  O is  breathed  in,  not  only  through  the 
regular  respiratory" system,  but  also  in  connection  with  the  skin;  the  COo  is 
eliminated  in  the  same  way.  The  O breathecLinto  the  body  hv  respiration 
is_breafhed  into  the  tissues-  This  respiration  is  subsidiary,  and. yet  it. ilium 
important  bearing  upon  the  respiration  ol  certain  animals  especially  when 
these~ammals  are  placed  in  certain  media.  .Respiration  thus,  presents  many 
interesting  features  aside  from  the  question  of  the  simple  introduction  of 
air  into  the  lungs.  Ihe  question  of  the  proportion  of  O absorbed  to  the 
C02  produced  requires  to  be  solved.  In  the  case  of  the  human  subject  the 
respiratory  quotient  is  found  as  we  have  said,  by  dividing  the  variation  of 
the  C02  by  the  variation  in  the  O,  giving  us  a respiratory  quotient  of  .87 
varying  to  .75.  This  variation  of  the  respiratory  quotient  in  connection 
with  the  tissues  depends  upon  the  nature  of  the  diet,  depending  largely 
upon  the  amount  of  carbohydrate  substance  found  in  the  food.  In  the  case 
of  animals  that  are  deprived  of  food,  the  respiratory  quotient  is  represented 
as  .75,  indicating  that  the  combustio.i  takes  place  at  the  expense  of  the 
bod\  substance  in  the  case  of  a starving  aniniafl.  The  respiratory  activity 
varies  in  the  different  animals,  the  general  rule  being  that  the  smaller  the 
animal,  the  higher  the  degree  of  its  respiration.  This,  however,  is  only  true 
to  a limited  extent,  bor  example,  a small  singing  canary  requires  12  or  13 
times  as  much  O as  a common  fowl.  In  the  case  ol  a frog,  it  can  live  in  an 
atmosphere  containing  one  150th  part  of  the  O necessary  for  the  life  of  the 
canary.  The  fishes,  like  the  frogs  require  only  a very  small  quantity  of  O, 
t e gases  of  the  sea  water  being  found  in  very  small  quantities.  By  a sys- 
tem of  storage  however,  these  animals— the  fishes— can  extract  from  the 
water  the  O and  thus  provide  for  themselvos,  a sufficient  supply  of  O for  a 
considerable  period  of  time.  ' 
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1IIE  RESPIRATORY  CHANGES  IN  CONNECTION  WITH  THE  TISSUES. 

The  importance  of  tissue  respiration  is  evident  from  the  fact  that  the 
chief  chemical  changes  ol  the  body  take  place  in  connection  with  those 
tissues.  The  same  is  true  of  the  decomposition  changes  which  result  in  the 
formation  of  the  C02  . The  tissues  have  a strong  affinity  for  O so  that  a 
very  low  pressure  is  sufficient  for  the  absorption  of  a large  proportion  of 
the  O.  The  tissues  from  this  standpoint  represent  an  aggregation  of  cells, 
each  cell  absorbing  O and  excreting  C02  . The  cell  activity  depends  upon 
the  amount  of  O that  is  absorbed  and  the  degree  of  oxidation  in  connection 
with  the  O absorption.  Experiments  have  been  made  by  Physiologists  in 
connection  with  the  different  tissues  of  the  body.  For  example,  it  is  found 
that  ioo  grams  at  a temperatnre  of  38°C,  give  the  following  results  in  con- 
nection with  the  different  parts  of  the  body.  In  ordinary  muscles  23  C.  C. 
in  heart  muscles  21  C.  C.,  in  the  brain  12  C.  C.,  in  the  liver  and  kidney  10  C. 
C.,  in  the  spleen  8 C.  C.  and  in  the  lungs  714  C.  C In  the  case  of  all'  these 
tissues,  C02  is  formed  directly  in  proportion  to  the  volume  of  O absorbed. 
The  blood  of  the  body  as  it  circulates,  carries  the  O to  the  tissues  and  italso 
discharges  the  function  of  disintegration  and  oxidation.  100  grams  of  blood 
for  example,  at  38°C  absorb  8-10  of  one  cubic  centimeter  of  O and  pro- 
duced the  same  volume  of  C02.  In  addition  to  this  the  blood  bears  partially 
oxidized  substances  from  the  tissues  to  the  lungs.  In  the  case  of  the  muscles, 
when  resting  at  normal  temperature,  the  O absorbed  is  larger  than  the  C02  el- 
iminated, while,  during  the  activity  of  muscles,  more  C02  is  produced  than 
the  amount  of  O that  is  absorbed.  This,  however,  is  not  fully  tested  as  vet. 
The  question  now  arises,  “How  do  these  processes  take  place  and  where 
does  this  process  take  place,  in  the  blood,  or  does  it  take  place  in  the  tis- 
suesThere  are  certain  oxidizable  substances  in  the  blood  and  the  blood 
has  has  a power  of  oxidation  but  when  the  blood  is  taken  from  the  bodv 
this  power  of  oxidation  is  found  to  be  very  small.  We  must  take  into  ac- 
count this  fact,  that  this  may  be  due  to  a certain  extent  to  the  fact  of  the 
removal  of  tne  blood  from  the  body.  In  the  case  of  the  muscle  of  the  frog, 
for  example,  extirpated  from  the  body  no  free  O is  found  by  subjecting  the 
muscle  to  the  mercurial  air  pump;  while  resting  muscle  produces  6 and 
also  C02  , even  when  no  O can  be  obtained  from  the  outside  of  the  muscles. 
O is  necessary  for  the  maintenance  of  life  and  also  for  the  maintenance  of 
muscle  irritability,  although  it  is  not  necessary  for  the  manifestation  of  that 
irritability.  As  we  find,  muscles  will  continue  to  exhibit  irritability  in  an 
atmosphere  charged  with  H or  with  N.  Muscle,  therefore,  must  have  the 
power  of  absorbing  O and  also  the  power  of  storing  O in  its  substance,  sc 
that  the  O thus  stored  can  be  used  when  required  in  the  oxidation  processes. 
At  the  same  time  there  is  a constant  oxidation  process  going  on  in  which 
case  this  stored  up  O supplies  *the  necessary  materials  for  theoxidation  pro- 
cess. Muscles,  like  other  body  substances,  are  constantly  passing  through 
two  changes,  these  being  represented  by  the  anabolic  process  and  the  kat- 
abolic  process.  During  these  processes  the  O is  combined  in  some  way 
with  carbon.  In  what  way  this  combination  takes  place  in  the  muscular 
metabolism  is  not  known,  but  that  it  does  take  place  is  well  known. 

As  the  presence  of  O in  the  muscles  has  nothing  to  do  with  the  inter- 
change, there  must  be  a constant  passage  of  O from  the  blood  to  the  tis- 
sues, or  from  the  red  corpuscles  through  the  plasma,  the  capillary  walls  of 
the  lymph  to  the  tissues.  As  the  C02  is  produced,  C02  pressure  or  tension 
will  force  theC02  from  the  muscles  through  the  lymph  spaces,  through  the 
lymph,  through  the  capillary  walls  into  tiie  blood  plasma.  1 hus  there  is 
constantly  going  on,  a double  interchange  between  the  blood  and  the  tis- 
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sues.  In  all  the  other  body  tissues,  similar  interchanges  are  found  to  take 
place,  free  O being  absent  from  the  tissues,  the  lymph  and  the  plasma, 
whereas, CO->  is  present  in  abundance,  in  the  tissues,  in  the  lymph  and  in  the 
blood  plasma.  Thus  we  conclude  that  when  the  O is  carried  to  the  tissues 
by  the  arterial  blood,  the  pressure  of  the  blood  drives  it  into' the  tissues  all 
the  O thus  passed  into  the  tissues  being  stored  away  in  some  way  in  con- 
nection with  the  tissues,  the  combination  being  so  stable  that  no  free  O ex- 
ists in  the  tissues.  In  the  same  way  by  the  continued  activity  of  the 
muscles, CO‘>  is  produced,  and  this  under  the  high  pressure  found  in  the  tis- 
sues, is  passed  into  the  blood  so  that  the  venous  blood  with  a high  pressure 
of  CO2  passes  out  of  the  tissues  into  the  venous  circulation  and  finally  into 
the  lungs. 

A subsidiary  form  of  respiration  is  found  to  take  place  through  the 
skin.  In  the  case  of  the  frog,  for  example,  the  skin,  is  the  principal  organ 
of  respiration,  death  being  produced  from  suffocation  more  rapidly  in  the 
case  of  the  frog  covering  the  skin  over  with  an  oily  or  greasy  substance  to 
prevent  this  cutaneous  respiratiou  than  by  compressing  or  ligaturing  the 
trachae.  By  the  extirpation  of  the  frog’s  lung  it  is  found  that'  the  amount 
of  O absorbed,  and  the  amount  of  C02  eliminated  does  not  diminish  atall  or 
only  to  a very  slight  extent.  In  the  human  subject,  on  the  other  hand,  the 
skin  is  only  in  a very  subsidiary  sense,  an  organ  of  respiration,  the  amount 
of  air,  as  we  said  before,  being  about  one  140th  part  of  the  entire  volume  of 
air  absorbed  in  the  form  of  O and  excreted  in  the  form  of  C02  . The  ratio 
representing  the  relation  of  lung  absorption  or  elimination  to  skin  absorp- 
tion or  elimination  is  placed  as  folio  .vs:  In  the  case  of  O it  is  1 to  100  or 

200;  in  the  case  of  C02  it  is  1 to  250,  giving  normally  about  i-i50th  , or  a 
little  more;  in  the  case  of  cutaneous  respiration  the  moisture  of  the  skin 
freely  assists  the  respiration  and  also  the  higher  temperature  of  the  external 
atmosphere. 


SECTION  IX— Abnormal  Respiration . 

Pure  aii  at  the  ordinary  pressure  and  with  the  ordinary  composition  is 
necessary  to  normal  respiration.  In  order  to  estimate  the  abnormal  con- 
c itions  of  respiration  it  is  necessary  that  we  know  the  normal  conditions  and 
the  normal  quantities  of  gases  used  in  respiration.  The  average  quantity  of 
O absorbed  daily  by  an  average  adult  is  estimated  about  700  grams  varying 
up  to  1100.  Of  theCO*  it  is  estimated  that  in  24  hours  an  adult  exhales 
from  700  to  1300  grams,  the  average  being  about  goo.  The  amount  of  C02 
however,  exhaled  depends  upon  the  number  of  circumstances.  1st  It  de- 
Re™5.  upon  the  number  and  the  depth  of  the  respirations.  TlitLjupount  of 
Uj2  ,IS  ln creased  by  increasing  the  number  of  respirations  and  also  by  In-" 
creasing  the  depth  of  the  respirations.  Normal  breathing  expires  4.38  per 
cent  at  each  expiration.  In  deep  and  slow  expiration,  on  the  other  hand 
this  is  increased  to  5 per  cent.  2d.  The  amount  of  the  C()2  depends  upon 
ic  extent  of  the  pause.  In  the  case  of  a single  expiration  as  the  expira- 
tion advances  the  amount  of  C02  increases.  If  the  pause  is  lessened  more 
7 1S  c*ha>cd  as  the  process  of  eliminating  C02  from  the  blood  goes  on 
during  the  whole  period  of  respiration  including  the  pause.  Thus,  by 
lengthening  the  pause  the  amount  of  CO_>  accumulating  in  the  lungs  is  in- 
creased, causing  the  expired  air  to  be  much  richer  in  the  CQ2  3d  A 
number  of  minor  causes  also  influence  the  amount  of  C02  For"  example 
increased  muscular  activity  increases  the  production  of  C02  . An  increase 
also  in  the  body  temperature  increases  the  amout  of  C02  a"nd  vice  versa 
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The  kind  of  food  taken  also  affects. the  amount  an  increase,  for  example,  in 
the  carbon  from  the  use  of  carbohydrates  and  vegetables  increasing  the  pro- 
duction of  C02  . 4th.  A number  of  circumstances  tend  to  lessen  the  pro- 
duction of  CO2  . During  sleep,  for  example,  C02  is  lessened  sometimes  to 
a consideration  extfrntr-  Tbg -deprivation  of  food  has  also  a similar  effect, 
the  diminution  reaching  a minimum.  The  rapid  lowering  o£  aBnospFeric 
pressure  produces  in  the  lung  capillaries  arTair  bubbIecondition~  resulting 
in  the  diminution  of  C02  and  very  soon  in  fatal  results.  The  body  mechan- 
ism is  designed  to  work  under  a normal  pressure,  varying  from  760  mm.  B. 
M.  to  about  500  mm.  This  represents  an  altitude  of  from  sea  level  to  6000 
or  7000  feet  above  the  sea  level.  If  there  is  any  great  change  either  of  in- 
crease or  decrease  in  the  pressure  it  affects  the  entrance  of  O and  the  exit 
of  the  C02  and  it  also  affects  the  process  of  the  body,  both  chemical  and 
physical.  If  an  animal  is  placed  in  an  air  in  which  the  pressure  is  greatly 
diminished  as  for  example,  in  an  air  receiver  out  of  which  the  air  has  been 
exausted,  convulsions  follow  the  gas  freed  from  the  blood  inside  the  ves- 
sels, obstructing  the  circulation  and  also  interfering  with  the  cardiac  move- 
ment. In  fact  any  sudden  lowering  of  pressure  completely  unbalances  the 
entire  vascular  and  respiratory  systems.  This  unbalancing  causes  the  feel- 
ing of  distress  that  is  associated  with  sudden  change  of  pressure.  This  pro- 
duces, in  the  case  of  the  sudden  lowering  of  pressure,  the  conditions  which 
differ  from  asphyxia,  namely  muscular  debility  and  paralyJs  due  tothe  lack 
of  nervous  stimulation.  In  the  case  of  the  increase  of  atmospheric  pressure 
where  the  increase  is  above  a certain  point  the  signs  are  a sleepy  condition 
or  an  unconscious  feeling  similar  to  that  which  is  produced  in  the  case,  for 
example,  of  narcotic  poisoning  due  lo  the  depression  of  the  system.  When 
the  pressure  rises  to  15  atmospheres  of  air  in  this  case  we  have  3 atmos- 
pheres of  O,  we  will  find  convulsions  and  asphyxia  taking  place  identical 
with  the  results  found  in  connection  with  deficiency  of  O,  the  CO2  produc- 
tion being  decreased  correspondingly  and  death  resulting  from  asphyxia. 
Expired  air  always  contains  slightly  more  N than  inspired  air,  the  N being 
derived  not  only  from  the  air  that  is  inspired  but  also  from  the  nitrogenous 
matters  used  as  food,  about  7 to  8 grams  of  N being  eliminated  from  the 
system  in  24  hours.  In  the  case  of  H2O  it  is  estimated  that  about  300 
grams  are  excreted  from  the  lungs  daily,  this  being  taken  from  the  blood 
and  from  the  vapor  in  the  air  that  has  been  inspired,  the  amount  varying 
somewhat,  according  to  the  character  of  the  air  inspired,  the  depth  of  the 
respiration  and  also  the  duration  of  the  respiratory  period. 

The, respiratory^ mechanism  can  adapt  itself  to  abnormal  conditions 
vv i thine ertala-1  i m i t s . ^Certain  gases"  modify  the  respiratory  actions  and  in 
some  cases,  suspend  respiration  altogether.  Nitrogen  or  hydrogen  may- Be 
breathed  without  any  dangerous  results  i fia  sufficient  amount  of  O is  pres- 
ent. Pure  nitrogen  and  hydrogen  when  breathed  quickly,  prove  fatal  for 
lack  of  O.  They  may  be  inhaled  without  dangerous  results  if  they  contain 
12  or  13  percent  of  O.  Such  gases  as  hydrocloric  acid,  sulphurous  nitric 
acid  and  ammonia  gas  cannot  be  inspired  because  they  result  in  spasmodic 
closure  of  the  glottis,  producing  at  the  same  time  irritation  of  the  respira- 
tories.  Other  gases  like  carbonic  acid,  carbonic  oxide,  sulphurretted  hy- 
drogen, etc.,  enter  into  the  lungs  and  produces  dangerous  results  from  in- 
terference with  the  normal  respiration  or  have  some  poisonous  effect  on  the 
blood  of  the  tissues.  Inspiration  of  pure  CO2  results  fatally  in  a very  short 
time  but  25  to  30  per  cent  in  the  air  does  not  prove  fatal  if  not  continued 
for  more  than  a few  minutes.  Carbon  monoxide  is  a very  dangerous  and 
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poisonous  gas  quickly  destroying  life  when  found  to  the  extent  of  1 per 
cent.  It~coriibincs  with  haemoglobin!  so  that  the  haemoglobin  is  prevented 
from  performing  its  function  in  connecton  with  the  carrying  of  oxygen. 
The  Blood  under  its  influence  turns  into  a very  bright  cherry  color;  .001  per 
cent  of  the  air  will  affect  the  breathing  and  it  is  found  that  if  60  per  cent  of 
the  haemoglobin  is  combind  with  carbon  monoxide  the  heart’s  action  is  ef- 
fected, respiration  is  weakened  and  death  gradually  ensued.  Nitrogen 
monoxide  mixed  with  O is  the  ratio  of  2 to  1 may  be  breathed  so  as  to  in- 
duce intoxication.  This  is  called  the  laughing  gas.  If  breathed  in  its 
purity  it  results  in  asphyxia.  Sulphurretted  hydrogen  mixed  with  the  air 
to  the  extent  of  .4  per  cent  causes  the  blood  to  become  greenish  and  re- 
sults fatally. 

Certain  expressions  are  used  to  denote  peculiarities  associated  with 
respiration.  When  the  respiration  is  normal  and  easy,  the  amount  of  O and 
CO2  being  normal  it  is  called  eupnoea.  Variations  from  this  normal  are  ex- 
pressed as  follows:  Apnoea  represents  a state  in  which  the  respiratory 

movements  are  suspended.  It  may  result  from  quickly  repeated  inspiration 
of  air  in  which  case  the  suspension  takes  place  for  a few  minutes.  In  the 
case  of  artificial  respiration,  especially  in  animals  subjected  to  tracheatomy, 
if  the  lungs  are  repeatedly  filled  artificially  with  air  and  then  the  inflation  is 
stopped,  apnoea  follows.  After  a short  rest  the  respirations  begin  very 
feebly,  and' gradually  return  to  the  normal.  The  cause  was  formerly  sup- 
posed fo  be  found  in  the  excessive  amount  of  O in  the  blood  and  the  lack  of 
C02  . If  the  blood  becomes  saturated  with  O the  respiratory  actions  will 
be  arrested.  If  bellows  are  used  to  inflate  the  lungs  by  diminishing  the 
pause  between  the  successive  inflations,  the  respiration  becomes  slower  and 
gradually  is  arrested  altogether  without  arresting  the  cardiac  movements. 
This  is  due  undoubtedly  to  the  large  amount  of  O present,  and  the  small 
amounts  to  CO2  . But  this  only  represents  one  apnoeic  condition.  There 
is  a connection  between  apnoea  and  the  amount  of  O in  the  blood,  the  ap- 
noea being  more  characteristic  after  breathing  pure  O than  after  breathing 
pure  air,  and  the  apnoea  is  less  characteristic  if  O is  not  present  in  its  full 
complement  in  the  air.  The  arterial  blood  of  apnoeic  animals  is  hy  per- 
Qx vgenated . I ' rjmLthis  it  is  concluded  that  the  blond  7s~o\rerrh.-irgerl  \y j t- h 
O and  that  breathing  is  suspended  till  the  O is  exhausted  or  until  COo  is 
Proc|uced  sufficient  to  arouse  respiratory  activity.  That  there  is  something 
in  this  cause  is  apparent  for  the  fact  that  by  respiring  pure  O it  becomes 
more  marked  than  in  respiring  the  pure  air.  To  answer  this  it  has  been 
shown  that  by  filling  the  lungs*with  pure  hydrogen,  apnoea  may  be  pro- 
duced, but  not  of  such  a marked  character,  the  apnoeic  pause  being  shorter, 
in  some  cases  being  entirely  absent.  This  difference  in  the  apnoeic  pause 
has  led  to  the  conclusion  that  it  is  due  to  the  excessive  storage  of  O in  the 
air  cells,  thus  rendering  inspiration  unnecessary. 

The  fact  that  hydrogen  produces  apnoea,  although  the  hydrogen  drives 
Out  the  O from  the  lungs,  indicates  that  the  O does  not  furnish  a full  explan- 
ation. Apnoea,  although  hydrogen  resulting  from  inflation  of  the  lungs 
with  air  represents  a condition  in  which  enough  O is  found  in  the  lungs  to 
supply  the  blood.  The  fact  that  if  the  vagi  nerves  along  which  impulses 
pass  from  the  lungs  to  the  center  be  cut,  hydrogen  filling  the  lungs  causes 
v 10k  11  t-violcn-t  dyspnoea,  whereas  inflation  of  the  lungs  with  air  produces  no 
result  at  all,  seems  to  suggest  that  the  repeated  respirations  stimulate  the 
pulmonary  peripheries  of  the  vagus  nerves,  producing  impulses  which  in- 
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hibit  the  respiratory  center  by  depressing  it  and  so  preventing  the  respira- 
vtory  center  .from  acting.  s PUd 

^Apnga__may_  result  from  inflation  of  the  lungs  with  air,  pun-  O or 
^T^^-e  y^P.resentitgthe  only  difference  between’ 
shortest  when  pure  1 1 and  longest  when  pure  O iS  Used.  If  the  vagi  nerves 
be  cut  and  the  lungs  be  inflated  with  IT,  no  apnoea  results.  During  the 
deglutition  process  respiration  is  arrested  but  this  takes  place  by  the  inhibi- 
etion  ot  the  centers,  the  inhibition  originating  in  the  terminals  of  the-glosso- 
pharyngeal  fibres.  Apnoea. may  therefore  be  caused  by  mechanical  action 
ll°**2Y.  gaseous  stimulation!  in  tne  falter  c&5e~Llie  ttunutia  ill  dudto  -the"  ex- 
cessive anioiint  °T  O stored  up  in  the  lung  alveoli;  in  the  former  case  it  7 s due 
.toiinhibition  of  the  res pira tdry*c e n't e r , the  inhibition  being  aroused  in  the 
vagus  nerves  and  resulting  in  the  arrest  of  the  repiratory'  impulses.’  Both 
ot  these  causes  may  be  combined  in  the  production  of  apnoea.  If  the  act 
vis.  voluntary,  the  breath  may  be  held  for  a considerable  time,  especially  if 
the.  act  of  holding  the  breath  is  preceded  by  a number  of  deep  respirations, 
.in  this  case  the  probability  is  that  the  nervous  impulses  are  sent  down  from 
the dugher  psychic  centers  inhibiting  the  action  of  the  respiratory  center. 

The  will,  however,  cannot  destroy  the  respiratory  impulses  because  the 
•will  or  the  psychic  influences  from  the  psychic  center  cannot  restrain  those 
impulses  which  proceed  from  the  respiratory  center  without  destroying  the 
respiratory  activity.  When  the  will  is  checked  for  a time  the  power  of  the 
respiiatory  center,  the  inhibition  is  then  withdrawn,  the  respiration  becomes 
normal.  This  inhibition  may  take  place,  either  voluntarily  or  involuntarily- 
indicating  that  the  will  has  very  little  controle  of  respiration.  This  is 
shown  from  the  fact  that  a number  of  deep  respirations  must  necessarily 
.precede  even  this  brief  stoppage  of  respiration.  It  cannot  at  once  take 
place,  that  is,  the  will  cannot  suspend  respiration  without  certain  physical 
conditions  being  fullfilled,  preparatory  to  the  exercise  of  the  will.  This  is 
sometimes  spoken  of  as  a brief  conscious  apnoea. 

A pathological  apnoea  we  have  already  described  in  connection  .with 
th£LTTicy-n^3tok.es;Kcea.thlQg.  TR.e  jn^ovemefats  of  respiration  in  this  form 
of  bi^thing^graduall}-  diminishJn  rapidity  and  also  in  extent  nnti|  the  res- 
pixatirai .-Ceases  during  the  apnoeic  pause.  These  respiration  representing  a 
series  representing  successive  respirations,  diminishing  both  in  extent  and 
immensity.  This  apnoeic  pause  in  the  Cheyne-Stokes  breathing  is  altern- 
ative by  dyspnoeic  respirations,  this  dyspnoea  resj5tration~~C0'nsTTtuting~~the 
series,  of  breathings  or  respirations.  This  form  of  breathing  is  explained  by 
some  Physiologists  as  due  to  malnutrition  of  the  respiratory  center,  the 
variations  in  the  respiration  representing  the  decadence-of  respiratory  act- 
ivity. Other  Physiologists,  however,  believe  that  this  form  of  breathing  is 
due  to  the  inhibitory  impulses  These  inhibitory  impulses  arise  from  the 
higher  centers  or  possibly  are  due  to  cardio-inhibitory  action  as  this  form  of 
breathing  is  always  associated  with  fatty  degeneration  of  the  heart.  In 
hyperpnoea  we  find  increased  activity  in  the  respiratory  center.  It  is  called 
ithermopolypnoea.  The  increase  of  the  respiratory  activity  is  due  to  the 
direct  stimulation  of  the  respiratory  center,  either  through  a rise  in  the 
-blood  temperature  or  reflexly  due  to  stimulation  of  some  of  the  sensorv 
■ fibers  found  in  connection  with  the  surface  of  the  body,  arising,  for  example, 
from  an  increase  in  the  external  temperature.  When  the  body  becomes 
abnormally  heated  by  the  presence,  for  example,  of  the  body  in  a medium 
of  hot  air,  the  respiration  becomes  faster.  This  hypcrpnoeic  condition  is 
peculiarly  characteristic  of  heat  dyspnoea,  even  when  the  blood  becomes 
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hyperoxygenated.  No  apnoea  results.  This  forms  an  additional  proof  of 
the  fact  that  the  apnoea  is  not  produced  by  an  excessive  supply  of  O. 

Dyspnoea  is  difficulty  of  breathing.  It  is  generally  found  accompanied 
by  slow  and  forced  respirations.  There  are  different'forms,  however,  of 
dyspnoea.  From  some  cause  or  other  sufficient  O does  not  enter  into  the 
blood  or  the  blood  becomes  unduly  venous  on  account  of  the  excess  of 
C02  ; hence,  the  respiratory  center  is  strongly  stimulated  and  violent  in- 
spirations,^ fallowed  by  violent  expirations,  take  place.  This  dy^pnoeic 
breathing  is  quicker  and  deeper,  the. venosity  of  the. blood  .arousing  the  res- 
piratory centers  so  that  respiration  becomes  violent,  resulting  in  the  activity 
of  all  the  muscles  of  respiration  and  almost  all  the  muscles  of  the  body. 

. There  is  a form  oj  dyspnoea  due  to  the  existance  of  certain  substances 
in  the  blood,  these  substances  being  derived  from  the  muscles  during  active 
muscular  operation.  Dyspnoea  may  result  either  from  a deficiency  of  O or 
from  an  excess  of  C02  or  we  may  find  both  of  these  conditions  combining 
together  in  the  production  of  dyspnoea.  In  the  case  of  the  confinement  of 
an  animal  in  a limited  space  where  the  O supply  is  limited  or  when  the  air 
in  such  a limited  space  is  saturated  with  H,  in  this  case  dyspnoea  results, 
e\ en  when  the  C02  in  the  blood  is  less  than  normal.  It  may  result  also 
from  breathing  an  air  containing  a large  quantity  of  C02  , even  although 
more  than  the  regular  quantity  of  O is  present  ' and  even,  although,  the 
blood  contains  less  than  the  normal  quantity  of  C02  . For  example,  if  a 
person  is  forced  to  breath  an  air  containing  io  per  cent  of  C02  , dyspnoea 
results  although  there  is  sufficient  O present  both  in  the  blood ’and'  in  the 
air.  If  an  animal  breathes  pure  N the  result  is,  that  the  respirations  become 
frequent  and  the  inspirations  are  very  strong.  In  the  case  of  an  animal 
breathing  an  air  laden  with  C02  the  respirations  become  slower  and  they 
are  marked  by  strong  expirations.  This  marked  increase  in  the  depth  o'f 
respirations  is  due,  not  only  to  direct  action  upon  the  respiratory  center 
but  also  and  especially  to  the  reflex  actions  upon  the  center  conveyed 
through  the  sensory  fibers  of  the  large  bronchi.  Hence,  the  depth  of  res- 
piration in  connection  with  the  inhalation  of  excessive  C02  arises  from  the 
stimulation  of  the  sensory  fibers  of  the  bronchial  mucuous  membrane.  In 

tfie  case  of  the  inhalation  of  air  deficient  in  O the  exhalation  of  C02  is  not 
affected  at  all. 

It  is  marked,  however,  by  increased  blood  pressure.  This  increased 
blood  pressure  continues  for  a considerable  time  before  death  takes  place; 

eath  being  preceded  in  this  case  by  certain  disturbances  in  the  motor  activ- 
ity such  as  we  do  not  find  in  the  case  of  death,  resultihg from  the  inhalation 
° (rxcessive/ charged  with  C02 . The  difference,  then,  between  the 
inhalation  of  air  excessively  laden  with  C02  and  air  deficient  in  O is 
explained  in  connection  with  the  blood.  The  blood  that  is  deficient  in  O 
influences  the  inspiratory  center,  whereas  the  blood  that  contains  an  excess 
or  LU2  affects  the  expiratory  center.  During  the  contraction  of  the  muscles 
certain  substances  are  formed,  which  pass  into  the  blood,  and  consequently 
attect  the  respiratory  center.  Accompanying  this  muscular  activity  there  is 
an  increase  in  the  respiratory  activity,  and  in  the  case  of  strong  muscular 

ar  v,Hdyr!Pn°w’  Tre,  Pr  *esS  resuIts-  These  products  of  muscular 

resffiSnr  S irV°  th^Iood  a"d  the  blood  then  acts  as  a stimulant  upon  the 
tT.vl  a center-  rilese  substances  are  not  known,  although  propably 
acd  nature  and  are  broken  up  in  the  blood,  bling  carried 

rhe  ^rculat:on-  If  the  blood  that  flows  to  the  brain 

ghcr  in  temperature  than  the  normal  temperature  of  the  blood,  for 
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example,  if  the  blood  of  the  caroted  artery  is  heated  artificially  above  the 
normal  temperature,  this  will  produce  dyspnoea.  In  fact,  anything  that 
weakens  the  circulation,  or  diminishes  the  amount  of  haemoglobin  found  in 
the  blood  will  cause  dyspnoea, 

11,  foi  example  the  carotid  and  intervertebrate  arteries  are  ligatured 
thus  cutting  off  the  blood  supply  to  the  medulla  dyspnoea  results,  the  blood 
in  the  medulla  region  being  excessively  charged  with  C02  and  deficient  in  O. 
This  accounts  for  the  fact  that  people  who  are  affected  with  heart  trouble 
or  suffering  from  anaemia  become  dyspnceic  with  the  least  over  exertion.  In 
the  same  way  anything  that  tends  to  prevent  the  interchange  of  O and  the 
excretion  of  C02  assists  if  it  does  not  produce  dyspnoea.  Hence,  pneu 
monic  persons  and  those  who  are  affected  with  lung  tuberculosis  are  subject 
to  dyspnoea  on  very  slight  exertion;  Dyspnoea  is  characterized  in  general 
by  an  increase  in  the  frequency  and  in  the  depth  of  the  respiratory  move- 
ments, hence,  the  ordinary  muscles  of  respiration,  the  diaphragm  and  inter- 
costals,  especially  tee  external  intercostals  are  assisted  by  the  scaleni  and 
by  the  serrati  postici  muscles.  The  ribs  become  elevated  and  depressed 
forcefully  and  the  larnyx  that  normally  is  resting  is  forced  up  and  forced 
down  with  considerable  force;  Henqe,  dyspnoea  may  be  caused  in  the  fol- 
lowing  wavs:  1st  of  all,  bv  a puncture  opening  into  the  ftleural  cavity  thus 

obstructing  the  lung  di&tensiom  Izd”  By  am  excessive  hemorrhage  the 
bloo.d  loss  in  this  case  affecting  the  ordinary  activity  of  the  respirato 
ter.  3d.  By  diminishing  the  circulation  of  the  blood,  at  least  in  the  brain 
so  thak-tlie  brain  does  not  receive  a blood  supply  sufficient  to  keep  the  brain 
in  active  operation.' 't  his  takes  place,  for  example!  if  the  valves  of  the  heart 
are  in  a diseased  condition  or  by  an  interference  with  the  c i r c u Fablo  ii~6 FTU e 
bloocl  in  the  carotid  or  in  the  juglar  veins,  qtli.  Anything  that  prevents 
the  normal  passage  of  air  to  and  from  the  lungs,  as  for  example,  in  the  case 
of  partial  strangulation.  5th.  Congested  "conditions  of  the  lungs.  This 
condition  lessens  the  respiratory  surface,  in  that  case  preventing'  accumula 
tion  of  O and  thus  interfering  with  the  respiratory  activity. 

Asphyxia. — This  literally  means  without  pulse,  but  Physiologically  it  is 
applied'tb "that  state  te=fc&afc-stofce  in  which  there  is  a cessation  of  the  re- 
spiratory rhythm  due  to  the  exhaustion  of  the  respiratory  center.  Asphyxia^ 
generally  reslilts  from  the  interruption  of  the  process  sf  respiration,  cause*, 
by  the  deprivation  of  air;  for  example,  by  placing  an  animal  in  a limited 
space  so  as  to  lead  to  the  increase  of  C02  in  the  blood,  cutting  off  the 
supply  of  O.  Asnh vxia_mav  take  place  suddenly,  as,  for  example,  in  the 
case  of  the  complete  blocking  of -the  trachea,  or  It  IHclV  Uike  place  gradually, 
as  in  the  case  where  you  have  only  the  partial  blocking  of  the  trachia  and 
other  cases.  In  any  case,  whether  the  asphyxia  is  sudden  or  gradual,  it. is 
divided  into  three  stages.  I.  During  the  first  stage  Wfl  find  difficulty  of 
lareathingj  The  respirations  in  this  case  are  rapid,  irregular  and  very  soon 
become  deep  and  labored,  representing  a condition  of  Uyerpnoga.  -Vspjli'-NiA*- 
we  will  find,  is  a combination,  hvperpn'cea  and  abnormal^  conditions  that 
we  find  in  connection  with  respiration.  The  muscles  of  respiration, 
especially  the  muscles  of  inspiration,  are  subjected  in  this  stage  to  very 
strong  contraction,  and  those  muscles  in  the  chest  and  in  the  abdomen, 
those  muscles  in  the  chest  and  abdomen  which  are  connected  with  inspira- 
tion contract  very  powerfully  at  intervals.  After  a brief  space  this  inter- 
mittent contraction  passes  to  the  muscles  of  the  lower  part  of  the  body, 
chiefly  the  flexor  muscles.  Through  out  the  first  period  of  asphyxia  the  O 
is  exhausted,  the  blood  becomes  venous  and  the  respiratory  centers  are  sub- 
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ject  to  stimulation  by  the  velocity  of  the  blood,  chiefly  the  inspiratory  part 
of  the  center  giving  respirations  of  increaesd  frequency  and  death. 

2d  Stage.  The  violent  convulsions  give  place  to  deep  and  slow  expiratory 
movements,  the  dyspnoea  giving  place,  as  we  have  said,  to  the  convulsions. 
The  inspiratory  center  ceases  to  be  affected  to  any  great  extent  and  inspiratory 
movements  become  weak,  whereas,  the  expiratory  part  of  the  respiratory 
center  is  strongly  moved,  resulting  in  very  strong  intermittent  expirations, 
the  respirations  becoming  slow  and  also  deep.  This  2d.  stage  like  the  1st 
stage  continues  for  about  one  minute.  During  both  of  these  periods  the  blood 
becomes  deficient  in  O resulting  in  the  blue  discoloration  of  the  skin  and  also 
the  blue  discoloration  of  the  lips  and  gums.  The  blood  has  become  more  ven- 
ous, resulting  in  a strong  stimulation  of  the  cardio-inhibitory  center  causing 
the  heart’s  action  in  contraction  to  be  sensibly  diminished.  The  respiratory 
centers  in  the  medulla  are  excited  and  in  the  latter  part  of  this  second  stage  at 
least  the  spinal  cord  is  also  strongly  excited,  the  vaso-constrictor  center  caus- 
ing contraction  in  the  capillaries  and  also  producing  a rise  in  the  pressure  of 
the  blood. 

3d.  Stage:  During_this  period  genera[_exhaustion  follows,  resulting  in- 

collapse.  The  inspiratory  muscles  at  first  act  weakly  and  only  intermittently, 
while  the  expiratory  muscles  give  occasional  spasmodic  contractions,  resulting 
in  convulsions.  In  the  same  way  the  muscles  of  the  extremities  become^  {spas- 
modically convulsive  in  their  movements,  chiefly  the  extensor  muscles;  gasping 
being  associated  with  sharp,  short  respirations. 

The  pupils  of  the_£yejhen  become  dilated,  the  lids  of  the  eye  do  not  close 
when  the  eye  balls  are  toucheffi~consciousness  disappears  and  the  reflex  actions 
ce-sej.  The  muscies,  particularly  the  muscles  of  respiration,  become  soft  and 
the  convulsions  give  place  to  a quiet  comatose  condition.  Afterwards  the  body 
becomes  arched — backwards  especially  the  head  and  the. body  trunk . The 
lower  extremities  become  stiff  and  stretched,  the  nostrils  being  expanded  and 
the  heart  paralyzed.  The  -tight  auricle  and  the  right  ventricle  are  dilated  on 
account.of  the  free  flow  of  venous  blood:  while  the  cardiac  muscular  tissue  be- 
come enfeebled,  loose  and  flaccid.  Finally  the  heart  ceases  to  beat,  the  pulse 
cannot  be  felt  and  the  respiratory  centers  become  completely  paralyzed.  This 
period  normally  lasts -p  or  ^ minutes.  The  heart,  however,  continues  to  beat 
very  feebly  for  some  time  after  the  respiratory  actions  have  ceased.  If  artifical 
respiration  is  induced  before  the  cessation  of  the  heart  beat,  the  respiratory 
movements  may  be  restored  and  the  other  functions  revived.  If  asphyxial 
death  results  from  the  obstruction  of  the  trachea,  the  three  periods  are  some- 
what shortened,  the  whole  asphyxia  period  lasting  about  5 minutes.  If  as- 
phyxia comes  on  gradually,  then  the  death  takes  place  -very,  slowly  and  it  may 
result  without  any  disturbance  of  the  motor  activity. 

In  the  case  of  death  by  drowning,  the  complete  submersion  of  the  body 
for  a very  few  minutes  results  fatally,  death  resulting  either  from  suspended 
respiration  or  from  the  failure  of  the  heart’s  action,  It  is  more  difficult  to  re- 
vive persons  who  have  been  submerged  in  water  then  to  revive  those  who  have 
become  weakened  simply  on  account  of  the  lack  of  O.  It  is  said  by  the  Physi- 
o ogists  that  resuscitation  is  impossible  after  complete  submersion  for  five  min- 
utes.  ISewly  born  children  are  able  to  sustain  life  longer  in  the  case  of  sub- 
mersion than  adults.  After  death,  on  examining  the  body,  the  blood  is  found 
to  be  very  dark  particularly  in  the  lung  capillaries.  In  some  cases  the  venous 

blood  is  almost  black,  the  auricle  and  the  ventricle  on  the  right  side  of  the 

eart,  and  the  lungs  together  with  the  veins  being  gorged  with  blood,  whereas, 
the  arteries  are  almost,  if  not  entirely  empty  of  blood.  This  is  due  to  the 
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arterial  vesseLs^0^  'Ut0  ^ Venous  circulation  by  the  elasticity  of  the  large 

During  the  ist  and  2d  periods  the  pressure  of  the  blood  increases  the 
smaller  vessels  contracting,  this  contraction  being  due  to  the  stimulation  of  the 

InSrm<TLr  c,eutefr, ln  th.e  ruledulla-  increasing  the  strength  of  peripheral  resist- 
en.e.  The  heart  s action  becomes  stronger  for  a short  time,  although  the  heart 
beats  become  less  numerous  under  the  influence  of  the  cardio- inhibitory  center 
which,  has  become  excited.  The  heart  beat  at  this  point  becomes  more  forci- 
e.  After  this  forcible  beating. of  the  heart  for  a short  period,  the  heart  action 
becomes  feeble  on  account  of  the  large  quantity  of  the  venous  blood  in  the 
heart,  the  left  ventricle  being  unable  to  force  the  blood  out  of  the  heart  against 
the  strong  force  of  peripheral  resistance.  At  this  point  the  blood  pressure  falls 
to  its  lowegt,  marking  the  beginning  of  the  3d  stage.  This  takes  place  on 
account  of  the  paralysis  of  the  vaso-motor  center,  due  to  the  action  of  the 
venous  blood.  The  venous  blood,  as  we  have  said,  gorges  the  right  side  of  the 
neart  when  the  blood  flows  from  the  small  capillaries  into  the  veins  and  then 
into  the  heart,  injuring  the  cardiac  muscle,  and  then  enfeebling  the  action  of 
the  left  ventricle,  diminishing  the  peripheral  resistance  which  results  in  a large 
fall  in  the  arterial  pressure  and  in  the  complete  collapse  of  the  system.  These 
changes  result  mainly  from  the  deficiency  of  O in  the  blood.  With  an  increase 
in  the  velocity  of  the  blood,  the  respiration  becomes  more  frequent  and  greater 
in  force,  the  expiratory  action  predominating  over  the  inspiratory  action,  under 
the  influence  of  the  muscles  that  are  brought  into  play,  all  the  'muscles  of  the 
body  in  this  case  being  broughc  into  active  operation.  These  expiratory  move- 
ments merge  into  the  expiratory  convulsions  due  to  the  excitation  of  the 
medullary  center  by  the  venous  blood.  If  the  spinal  cord  is  divided  below  the 
medulla  these  convulsions  do  not  appear.  If  the  brain  above  the  medulla  is 
removed,  these  convulsion  reactions  still  continue,  indicating — what  we  will  find 
later — that  the  respiratory  center  is  in  the  medulla.  This  center  is  sometimes 
called  the  center  of  convulsion, or  convulsive  reactions.  Although,  the  question 
of  its  independent  existence  is  a matter  of  dispute.  Some  have  indentified  this 
convulsive  center  with  the  expiratory  part  of  the  respiratory  center.  If  there 
is  an  independent  convulsive  center  it  must  be  in  close  relation  with  the  main 
respiratory  center  because  there  is  a close  connection  between  the  expiratory 
movements  of  respiration  and  the  convulsive  reaction.  If  the  blood  vessels 
supplying  the  brain  are  ligatur  ed  the  same  convulsions  may  be  noticed,  the 
centers  of  nervous  activity  in  the  medulla  becoming  asphyxiated  through  lack 
of  blood  containing  the  O If  there  is  a large  loss  of  blood  by  hemorrhage,  the 
same  results  may  be  noticed.  These  results  are  due  to  the  stimulation  arising 
from  the  deficiency  of  blood.  During  the  last  stage  of  the  convulsions  we  find 
that  these  convulsions  give  place  after  the  exhaustion  of  the  nervous  system  to 
a calm  and  quiet  condition, -being  interrupted  at  varying  intervals  by  the  inspir- 
atory gasps.  These  inspiratory  gasps  mark  the  near  approach  of  death.  These 
inspiratory  gasps  also  represent  the  gathering  force  of  -the  inspirator}'  part  of 
the  respiratory  center,  until  the  center  becomes  entirely  exhausted  and  all 
activity  ceases  in  death. 

SECTION  X.—The  Innervation  of  Respiration. 

Pulmonary  respiration  we  have  said  is  carried  on  by  means  of  the  action  of 
a number  of  muscles,  some  of  which  are  in  positions  widely  separated  from 
each  other,  but  all  of  which  act  together  in  a co-ordinate  manner.  If  the  inter- 
costal muscles  were  to  contract  before  the  scaleni  muscles,  then  the  entrance 
of  air  and  its  elimination  would  be  interfered  with.  Normal  inspiration! 
implies  a quiet  action  of  the  various  muscles  and  a forced  respiration  implies  a 
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forced  contraction  of  the  muscles,  otherwise  the  respiratory  action  would  be 
impeded  . All  this  co-ordination  of  action  is  accomplished  by  co-ordinating 
nerves.  These  movements  are  carried  on  involuntarily  and  automatically,  the 
mechanism  being  so  arranged  as  to  possess  self-controlling  power.  The  mus- 
cles of  respiration  can  be  called  into  activity  by  the  exercise  of  volition  and  the 
will  can  to  a certain  extent  modify  respiration.  Yet  the  breathing  is  not  norm- 
all}' voluntary.  That  this  is  proved  by  the  continuance  of  normal  breathing 
during  unconsciousness  and  after  the  removal  of  the  higher  parts  of  the  brain- 
above  the  medulla  in  which  the  psychic  centess  are  located.  These  muscular 
actions  are  all  controlled  by  a nerve  center  situated  in  the  posterior  part  of  the 
floor  of  the  fourth  ventricle.  If  one  phrenic  nerve  is  divided  the  diaphragm 
upon  that  side  ceases  to  move  although  respiration  is  not  suspended.  If  the 
other  phrenic  is  divided  the  whole  diaphiagm  ceases  to  move  and  breathing  in 
the  thorax  becomes  very  difficult.  If  one  of  the  intercostal  nerves  is  divided 
the  intercostal  muscles  cease  to  act,  corresponding  with  the  nerve  cut.  If  the 
spinal  cord  is  cut  below  the  origin  of  the  roots  of  the  phrenic  nerves  the  respir- 
ation in  the  thorax  ceases  and  the  diaphragm  still  acts,  the  breathing  being 
more  rapid.  If  the  cord,  however,  is  divided  just  below  the  medulla  all  respir- 
atory movement  ceases  in  the  thorax,  the  nasal  portion  and  the  glottis  still  con- 
tinue to  act.  If  the  facial  and  the  glosso  pharyngeal  nerves  be  then  divided 
these  movements  also  cease  Thus  we  have  the  proof  of  the  co-ordination  of 
action  in  the  production  of  the  respiratory  movements,  different  parts  of  the 
nervous  system  under  the  direction  of  the  center  in  the  medulla  co-ordinating 
the  different  parts  of  the  respiratory  mechanism.  The  complexity  of  the  cen- 
ter is  manifest  for  in  ordinary  inspiration  we  find  a number  of  complex  co-ordi- 
nating impulses  followed  by  a number  of  complex  co-ordinating  impulses  in 
expiration.  Even  when  respiration  becomes  forced  the  co-ordination  of  the 
ordinary  and  forced  respiration  is  complete.  Even  in  dyspnoea  and  asphyxia 
^eco-ordmatmn  is  not  lost  until  the  whole  body  is  thrown  into  convulsions. 
Tms  does  not  take  place  however  wholly  in  the  centers  for  the  co-ordination  is 
completed  in  the  passage  from  the  centers  along  the  efferent  path  through 
nerve  cells  and  nerve  fibers,  the  nerve  cells  playing  a part  that  is  analogous  to 
the  main  center,  co-ordinating  the  impulses  that  are  to  be  sent  out  along  the 
motor  nerves.  This  is  evident  from  the  fact  that  in  young  animals  after  the 
medulla  is  removed  respiration  may  be  kept  up  artificially.  This  indicates  that 
t e entire  nerve  cell  mechanism  of  the  spinal  cord  plays  an  important  part  in 
the  co  ordination  of  the  impulses.  In  addition  to  this  great  center,  other  cen- 
ters of  lesser  importance  have  been  spoken  of  in  connection  with  the  .spinal 
cord,  these  being  called  subordinate  centers.  In  connection  with  the  respira- 
tory center  there  are  also  certain  nerves  that  bear  the  impulses  to  and  away  ' 
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I.  The  respiratory  centers  (see  the  brain)  except  the  medulla,  may  be  re- 
moved and  yet  the  respiratory  movements  will  continue  normally.  If'  how- 

e\er,  the  lower  part  of  the  brain  is  destroyed  the  rhythm  cdses.  Respiration 
continues  normally  after  the  section  of  the  spinal  cord  below  the  beginning  of 
? '7niC  fnerve:  ^i°ilre”s  1}y  such  experiments  as  these  has  concluded  that 

is  111  tlie  meduIIa.  at  the  lower  extremity  of  what  is 
called  the  \ in  the  medulla  the  calamus  scriptorius  in  the  gray  matter  on  the 
floor  of  the  4th  ventricle.  He  found  that  by  destroying  that  ‘part  rLpffat on 
was  entirely  arrested  and  death  resulted  in  a very  short  time.  V S of 
this  he  located  the  respiratory  center  in  a region,  5 mm.  in  diameter  between 


152 


THE  INNERVATION  OF  RESPIRATION. 


the  nuclei  of  the  vagus  nerves  and  the  spinal  accessory  nerves.  The  destruc- 
tion of  this  portion  of  the  brain  was  found  to  result  fatally,  and  hence,  it  was 
called  by  Flourens  a vital  knot,  noeud  vital.  Later  researches  have  somewhat 
modified  this  conclusion  of  Flourens.  It  has  been  found,  for  example,  that 
the  area  of  the  Flourens  vital  knot  consists  not  of  a center  but  rather  of  groups 
of  nerve  fibers  arising  from  the  roots  of  the  vagi,  the  spinal  accessory,  the  tri- 
geminal and  the  glosso-pharyngeal  nerves,  these  forming  nerve  p aths  rather 
than  a center.  It  has  been  shown  by  some  recent  Physiologists  that  the  re- 
moval of  this  vital  knot  does  not  of  necessity  prove  fatal  and  later  it  has  been 
found  that  respiration  is  not  suspended,  either  by  the  section  of  the  spinal  cord 
below  the  medulla  or  by  the  division  of  the  medulla  just  below  the  calamus 
scriptorius.  The  stimulation  of  the  vital  knot  does  not  excite  the  respiratory 
activity  but  simply  mffuences  The~cTiaracteristTc  tonicity  ~ of'  the  ‘diaphragm. 
Without  locating  or  attempting  to  1 ocate  exactly  the  center  of  respiration,  most 
recent  Physiologists  have  concluded  that  there  is  a center  of  respiration,  some, 
were  in  the  lower  part  of  the  medulla.  This  center  consists  of  two  parts,  one' 
part  on  each  side  of  the  median  line,  the  two  parts  being  closely  connected 
together  by  means  of  commissures.  These  two  parts  of  the  respiratory  center 
act  simultaneously  and  yet  their  action  is  independent,  having  connections  with 
the  lungs  and  with  the  respiratory  muscles  on  the  two  sides.  If  the  median 
line  is  divided  the  two  parts  will  continue  to  act  simultaneously,  whereas  if  the 
part  on  the  one  side  of  the  median  line  is  destroyed,  suspension  follows  in  the 
case  of  respiration  on  that  side  of  the  median  line.  If,  on  the  other  hand, 
after  the  division  of  the  median  line,  one  of  the  vagi  is  also  divided,  no  im- 
pulses reach  the  center  on  that  side  from  the  lungs,  producing  the  slowing  of 
the  action  of  the  muscles  of  respiration  and  increasing  the  strength  of  the  in- 
spirations. If,  on  the  other  hand,  the  median  line  is  left  intact,  stimulation  of 
one  of  the  vagi  affects  both  sides  and  stimulation  of  the  central  end  of  one  of 
the  cut  vagi  tends  to  increase  the  activity  of  both  sides.  If  the  vagi  are  di- 
vided and  the  stimulation  is  applied  to  one  of  the  vagi,  high  up  in  the  neck, 
the  respirations  may  cease  altogether  on  that  side  if  the  stimulation  is  strong. 
From  this  it  is  concluded  that  the  two  parts  on  either  side  of  the  median  line 
connected  with  the  respiratory  center  act  together  as  a single  center  while  each 
part  has  the  power  of  acting  independently.  Each  central  part  is  supposed  to 
consist  of  two  parts,  the  one  on  inspiratory  center  controliug  the  inspiratory 
muscles,  and  the  other  an  expiratory  center  controling  the  expiratory  muscles. 
If  stimulation  is  brought  to  bear  on  the  inspiratory  center  the  inspiratory  mus- 
cles contract  and  if  the  excitation  is  strong  enough  the  inspirations  are  spas- 
modically arrested.  Marckwold  by  the  use  of  electric  stimulation  in  the  case 
of  the  medulla  proved  that  the  expiration  or  the  inspiration  depended  upon  the 
intensity  of  the  stimulation,  the  period  of  the  respiratory  circle  during  which 
the  stimulation  was  applied  and  the  position  in  which  he  placed  the  electrodes. 
The  motions  were  produced  by  excitation  of  the  different  or  the  sensory  fibers 
indicating  that  they  were  reflex  in  their  action  so  that  by  electrical  stimulation 
a purely  artifical  respiration  can  be  produced.  Under  this  electrical  stimula- 
tion he  found  that  the  expiratory  center  was  more  difficult  to  call  into  activity 
than  the  inspiratory  center.  This  connection  is  of  such  a nature  as  to  give  to 
the  center  of  inspiration  an  accelerator  action  and  to  the  expiratory  center  an 
inhibitory  action.  In  the  case  of  the  stimulation  of  both  inspiratory  and  ex- 
piratory centers  the  accelerator  action  overbears  the  inhibitory  action,  giving 
to  "the  whola  respiratory  center  a prevailing  accelerator  activity?  because -fche^ic- 
celerator  activity  because  the  accelerator  element  seems  to  be  more  powerful 
and  more  easily  excited. 
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Rosenthal  has  proved  that  if  the  medulla  is  cut  off  from  all  afferent  connec- 
tion by  cutting  it  below  the  corpora  quadrigemina  and  also  by  d wring  the  pos- 
terior roots  of  the  spinal  nerves  and  the  pneumogastric.respiratory  activity  still 
Continues.  These  respiratory  actions  however  take  the  form  of  spasms,  indi- 
cating that  the  respiratory  center  in  the  medulla  can  produce  automatically 
spasmodic  activity.  The  efferent  impulses,  therefore  influence  reflexly  the 
normal  respiration. 

Some  writers  claim  that  there  is  a respiratory  center,  or  centers  in  the 
spinal  cord  acting  automatically  and  also  by  reflex  action  from  the  peripheral. 
Other  Physiologists  have  claimed  that  higher  centers  exist  in  the  upper  part  of 
the  brain.  One  has  been  located,  for  example,  in  the  prominence  oflthe  grey 
matter  of  the  brain  between  the  optic  tracts  and  the  corpora  albicantia  , the 
tuber  cinereum  associated  with  violent  respirations  upon  stimulation.  This  has 
been  called  a polypnoejc_C£nt£r.  Upon  the  stimulation  of  this  center  respira- 
tion becomes  very  rapid.  If  a rabbit,  for  example,  is  placed  in  a high  exter- 
nal atmosphere,  respiration  becomes  very  quick.  If  this  part  of  the  brain  the 
tjibei  cinerium  is  extirpated  these  increased  respiration  are  either  arrested  alto- 
gether, or  the  respirations  become  much  slower.  Another  center  has  been 
located  by  some  Physiologists  in  two  anterior  bodies  of  the  corpora.-  quadri- 
gemina,  associated  .with  expiration  and  inhibitory  action  An  inspiratory  cen- 
ter is  also  claimed  in  the  posterior  bodies  of  the  corpora  quadrigemina  This 
portion  acting  as  an  inspiratory  and  accelerator  center.  Another  center  is 
located  in  the  upper  part  of  the  pons  Varolii,  acting  as  an  inspiratory  acceler- 
ator center.  _ Other  physiologists  claim  that  in  the  lateral  wall  of  the  3d  ven- 
tricle there,  is  a center  which  deepens  inspiration  by  stimulation  and  on  the 
oor  of  the  3d  ventricle  there  is  said  to  be-  an  area  connected  with  the  optic 
and  the  auditory  nerves,  under  stimulation  accelerating  the  respiratory  rate 
and  if  excited  by  strong  stimulation,  particularly  mechanical  stimulation’ 
arresting  the  inspiration  altogether.  There  can  be.  however,  no  satisfactory 
reason  to  establish  any  of  these  as  true  centers.  Even  if  these  are  centers  it  is 

possible  that  they  are  entirely  subordinate  to  the  main  center  in  the  medulla 

these  stimulations  passing  downward  to  the  true  center. 

In  order  to  establish  any  of  these  as  independent  centers  it  would  have  to 
e proved  that  the  injury  or  removal  of  these  centers  would  result  in  stopping 
or  mo  1 \ing  respiration  and  also  that  there  are  nerves  connected  with  the 
respiratory  organs  and  muscles  leading  to  these  centers.  Some  have  regarded 
the  spinal  centers  as  the  principle  centers.  This  however  is  impossible.  Respir- 
a ory  centers  ha vejoeen  supposed  to  be  located  in  the  spinal  cord  chiefly  for  the 
reason  that  after  dividing  the  spinal  cord  from  the  brain,  where  it  joins  the 
medulla,  respiratory  movements  continue  at  least  for  some  time.  In  the  case 
ot  new  born  animals  respiration  will  continue  some  time  under  these  circum- 
satfnnnf  1 f ls  have  beeu  artificially  subjected  to  respiration  and  after  ces- 
atlori^f'nntif!1^013  respiration,  the  spinal  cord  is  cut  below  the  medulla  respir- 
at  on  continues  brom  this  Lt  has  been  concluded  that  a respiratory  center 
mqst  exist  in  the  cord  acting  both  automatically  and  reflexly.  There L prob- 
ial  Cente[  m the  medulla  and  subordinary  centers  in  the  cord,  in  spec- 

cause  ^HCenterS-  aChUg  al°Ue  When  the  ^t  c™ter  * inactive  from  some 

respirations  resP,rationS  in  such  cases  are  irregular  and  rather  spasms  than 
respuations  of  a normal  character.  It  has  been  observed  that  if  the  medulla 
be  removed  from  the  influenee  °f  an  afferent  nerves  by  cutting  it  under  the 
SS'Sniand  also  dividing  the  vagi  ana  the  posterior  roots  of  the 

form  of  inspirations  anH11  continues  but  the  respirations  assume  a spasmodic 
p t ons  and  expirations.  Thus  by  automatic  activity  the  medulla 
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can  produce  spasmodic  actions.  Normally,  however,  it  is  subject  to  afferent 
impressions  so  that  normal  respiration  depends  upon  reflex  action.  The  ryth- 
mic action  of  the  center  of  respiration  is  communicated  by  means  of  impulses 
to  the  respiratory  movements,  the  center  discharging  those  impulses.  This 
power  of  producing  the  rythni  is  inherent  in  the  center,  if  not  entirely,  to  a 
large  extent,  not  being  caused  by  external  stimulation  so  that  the  center  is 
automatic  to  external  stimuli.  It  is  not  so  in  relation  to  the  blood,  for  when 
the  center  is  in  isolation  from  afferent  impulses,  the  activity  is  continued  on 
account  of  the  stimulation  of  the  blood,  the  automatic  discharge  of  impulses 
depending  upon  the  blood. 

The  rythm  must  be  inherent  in  the  center,  for  it  is  not  destroyed  by  divid- 
ing the  vagi  and  the  glossopharyngeal,  and  the  spinal  cord  either  below  the 
medulla  or  in  the  lower  cervical  area.  The'  activity  of  the  center  and  its 
rythm  may  be  modified  by  influences  reaching  it  from  the  higher  centers  ; for 
example  the  effects  of  the  various  mental  states  and  emotions  upon  respiratory; 
movements  is  well  known.  It  may  also  be  influencedl)y  the  will  lor'tTie  re- 
spiratory rhythm  mav  be  voluntarily  altered  both  in  character- and  rate.  The 
respiratory  center  is  thus  not  a voluntary  center,"  although  it  may  be  influenced 
by  the  activity  of  the  higher,  voluntary  centers.  As  the  action  of  the  respir- 
atory center  still  continues  when  the  afferent  nerves  leading  to  it  are  divided, 
the  center  cannot  properly  be  a reflex  one.  It  must,  therefore,  be  an  automatic 
center.  Yet  through  the  activity  of  the  center  does  not  depend  upon  reflex 
stimulation,  its  action  may  be  and  continually  is  influenced  by  impressions 
reaching  it  along  afferent  nerve  paths.  If  one  vagus  nerve  is  cut  the  respira- 
tory movements  become  slower  ; if  both  are  cut  respiration  becomes  slower 
and  deeper,  the  pause  in  each  respiration  being  marked,  try  prolonged.  The 
stimulation  of  the  cut  end  of  the  central  portion  of  the  vagus  nerve  lower  than 
the  laryngeal  branches  restores  the  normal  rapidity  and  character  of  the  re- 
spiratory rhythm,  and  if  the  stimulus  is  sufficiently  strong  causes  the  dia- 
phragm and  other  muscles  of  inspiration  to  pass  into  a state  of  tetanus  so  that 
respiration  is  suspended  in  a state  of  deep  respiration.  From  this  fact,  that 
section  of  the  vagi  diminishes  respiration  and  that  stimulation  of  the  cut  end 
causes  an  increase,  it  is  evident  that  under  ordinary  circumstances  influences 
are  continuously  ascending  the  vagi  to  the  center  from  the  lungs  and  quicken- 
ing the  action  of  this  automatic  respiratory  center.  By  the  stimulation  of  the 
sensory  nerves  of  the  skin  heat  tends  to  increase,  and  cold  to  inhibit  the  re- 
spiratory activity. 

The  rhythm  of  respiration  includes  the  rhythm  of  both  inspiration  and_jof 
expiration  Normally,  m inspiration  we  find  muscular~action.  whereas  111  ex- 
piration,  as  we  said  before,  there  is  very  little  of  the  muscular  element  that 
enters  except  in  the  case  of  forced  or  labored  expiration.  In  the  labored  ex- 
piration the  muscular  element  is  really  the  prevailing  element.  Thus,  there  is 
an  alternation  between  inspiration  and  expiration  more  marked  when  either  in- 
spiration or  expiration  becomes  deep.  Some.  Phyaiologiste-th ink  .■that  in the 

nerves  there  are  to  be  found  fibers  connected  both  with  iuspiratiom4d  exi»tra- 
tion,  thu&xQQjtrbl inghhe  inspiratoryjin^  tb^fS^iratorv  centers. and  alternating 
in  the  carrying  of  impulses  tblhecenters.  Inspiration  and  expiration  takes 
place  alternately^ however,  witTioiTFsuch  a connection  on  the  part  ot  the  vagus 
nerves.  This  is  evident  from  the  fact  that  by  the  section  of  the  vagus  and  the 
consequent  separation  of  the  center  or  centers  from  the  action  of  the  vagus 
nerves,  alternation  of  these  respiratory  movements  still  continues.  The  rhythm 
of  the  inspiratory  movements  is  dependent,  therefore,  upon  the  respiratory 
center  aside  from  its  connection  with  the  afferent  nerves.  The  activity  of  the 
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respiratory  center  is  manifested  in  certain  chemical  changes  that  take  place  in 
the  nerve  cells  coutituting  the  center  and  this  activity  of  the  nerve  cells  is  sus- 
tained by  its  relation  to  the  blood  flow  and  the  iate  as  well  as  the„..character,.o£. 
the •respiraJ&l^movements,  depending  upon,  not  a single  influence  hut  a mm. 
plexity  of  influences  which  may  and  do  continuously  affect  the  center;  for  ex- 
ample. the  will  and  the  emotions  and  the  condition  of  the  blood  supply,  par- 
ticularly the  blood  supply  to  the  brain.  If  both  the  vagus  nerves  are  divided 
we  find  that  respiration  continues  but  only  in  a modified  form.  If  the  spinal 
cord  is  cut  below  the  medulla  the  respiratory  movements  still  continue,  at  least 
in  the  face  and  in  the  larynx,  indicating  that  the  activity  of  the  respiratory 
center  continues,  even,  although  the  vagus  influences  are  entirely  cut  off  and 
even  when  the  movements  of  the  thorax  cannot  be  normally  executed  The 
cranial  nerves,  except  the  vagus,  are  not  especially  brought,  therefore  into  play 

in  respiration,  aside  from  the  fact  that  they  constitute  a path  for  the  convey- 
ance of  nerve  impulses.  If  these  cranial  nerves  are  cut,  leaving  the  cord  un- 
divided, the  respirations  still  continue  almost  normally.  This  indicates  that 
respiration  discharges  from  the  center  do  not  depend  solely  upon  the  afferent 
impulses  that  reach  the  center  along  the  afferent  paths.  Some  of  the  impulses 
therefore  originate  in  the  center  itself  and  the  center,  therefore,  possesses  the 
power  of  originating  impulses,  although  these  impulses  are  considerably  modi- 
fied by  the  afferent  impulses.  This  indicates  that  the  center  of  respiration  is 
automatic  in  its  action.  Respiration  is  a double  action  so  that  nerve  impulses 
may  afiect  either  part  of  the  center  or  both  parts  of  the  center.  In  this  way 
affecting  either  part  of  the  respiratory  movement  or  both  parts  of  the  respira- 
tory movements.  Nerve  impulses  may  diminish  or  increase  the  depth  of  the 
volume  of  respiration.  They  may  also  increase  or  diminish,  the  respiration 
rhythm  and  this  seems  to  be  their  sole  function.  Thus,  the  respiratory  cen- 
ter is  subject  to  the  following  influences:  — • 

1 st;  Thejnfluences  of  the  higher  centers.  2d.  The  influence  of  the 
afferent  nerves,  antT^ The  influences  of  the  blood.  

1ST.  THE  INFLUENCES  OF  THE  HIGHER  CENTERS. 

All  Physiologists  admit  that  there  is  an  influence  exerted  upon  theiespira- 
tory  center  by  the  higher  centers.  _ For  example,  the  strong  excitation  of  any 
ot  the  nerves  ot  the  special  senses  influence  respiration.  The  optic  and  the 
auditory  nerves  on  stimulation  results  in  inspiration  impulses  and  "the  stimula- 
tion ot  the  oj factory  nerves  m expiration  impulses.  Similarly,  the  powerful 
excitation  of  the  sensory  fibers  of  the  5th  cranial  nerves  as  in  the  case  of  sneez- 
ing, results  m expiratory  movements.  All  the  sensory  nerves  of  the  head  act 
m a similar  way  conveying  impulses  to  the  brain  producing  inspiratory  and  ex- 
?flr.av  ory  n”Pnlses  which  are  sent  down  to  the  respiratory  center  in  the  medulla 
! the  mediflla  is  divided  high  up  on  the  floor  of  the  4th  ventricle  so  as  to  di- 

resum i ^he,brai”  resPiration  will  cease  for  a few  minutes  and  then  may 

resume  again,  the  breathing  going  on  almost  normally  as  before,  the  only  dif- 

almos?  gsnmthe  extent,of  ,the  ^°vement  of  inspiration,  the  variation  being 
almost  the  same  as  we  find  in  the  case  of  sleep.  If  a transverse  division  is 

Tt  the  noim  of Th  the.  reSpIratl°UibeC0me  forced>  and  if  the  incision  takes  place 
lthC  CalamUS  SCnpt0nus,  the  respirations  become  periodic  with 
long  pauses,  the  respirations  gradually  diminishing  in  force  and  in  number  In 
this  condition  by  the  stimulation  of  the  sensory  cutaneous  nerves  this  period 

P Lure  >,eDrTe  and.llr°™‘‘1  "Ration  will  be  restored.  The 
P essure  upon  the  meaulla  cannot  produce  this  periodicity  of  respiration 
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There  must  be  an  inhibition  of  some  of  the  normal  stimuli  that  come  down  to 
the  respiratory  center  in  order  to  interfere  with  periodicity. 

This  throws  some  light  upon  the  abnormal  condition  of  respiration  that 
we  find  in  certain  diseased  conditions  of  the  heart  and  of  the  lungs  in  which, 
as  we  said  before,  breathing  becomes  perodic  with  long  pauses,  lasting  about 
8-io  of  a minute  succeeded  by  superficial  respirations  which  become  deeper  and 
deeper  until  the  series  of  20  or  30  respirations,  is  completed,  after  which  a new 
series  begins  of  the  same  character,  each  series  becoming  deeper  in  the  first 
part,  and  lighter  in  the  second  part,  as  the  series  goes  on.  In  this  case  the 
pause  may  be  shortened  by  arousing  the  interest  of  the  patient,  in  other  words, 
by  exciting  the  higher  centers,  and  also  by  the  section  of  the  vagi.  In  the 
last  case  section  of  the  vagi  causes  these  periodic  breathings  to  give  place  to 
spasmodic  breathing,  hence,  perodic  respirations  arise  when  the  higher  nervous 
centers  are  in  a condition  of  letharg)7,  either  inactive  on  account  of  inability  to 
perforin  their  function,  or  failing  on  account  of  inhibition  of  some  kind  to  send 
down  impressions  from  the  higher  part  of  the  brain  to  the  lower  centers  along 
which  we  find  the  respiratory  center*  Thus  the  CheyneStokes  breathing 
occurs  when  higher  centers  send  down  no  impulses  to  the  respiratory  center. 
This  indicates  an  important  point  in  connection  with  the  innervation  of  respir- 
ation, namely,  that  the  normal  condition  nf  the  respiratory  centers  depends 
upon  two  things.  1st  of  all,  upon  the  active  normal  condition  of  the  higher 
centers  of  the  brain,  and  2d,  upon  the  activity  and  operation  of  the  vagus 
nerves  through  which  the  afferent  impulses  are  brought  to  the  respiratory 
center. 

2D.  THE  INFLUENCE  OF  THE  AFFERENT  NERVES. 


These  afferent  nerves  are  the  vagi,  the  glosso-pharyngeal,  the  trigeminal 
and  the  cutaneous  nerves.  Impulses  passing  along  the  pneumogastric  have  an 
important  influence  on  the  respiratory  center  because  this,  as  we  said,  bears  the 
afferent  impulses  to  the  respiratory  center.  Hence  the  action  of  the  vagi  is  the 
most  important  in  connection  with  respiration.  These  influences  of  the  vagi 
nerves  can  best  be  brought  out  in  connection  with  the  section  of  these  nerves 
and  the  effects  that  are  produced  by  stimulation  of  various  kinds  applied  to 
the-e  nerves  when  divided.  When  the  medulla  has  been  separated  from  the 
higher  centers,  if  the  vagi  are  divided  there  results  a lengthened  spasm  of 
inspiration  followed  by  spasmodic  inspiration  and  expiration,  resulting  in  a 
short  time  in  death. 

If  the  vagi,  on  the  other  hand,  are  cut  off  before  the  separation  of  the 
medulla  from  the  higher  centers  the  respiration  will  continue  for  a time  norm- 
ally and  after  a few  moments  the  respiration  will  become  deeper  and  slower 
followed  in  a few  moments  more  by  respirator)7  spasms.  The  absence  of 
impulses  passing  through  the  vagi  can  be  made  up  for  by  certain  impulses 
arising  in  the  brain  and  passing  from  the  higher  portion  of  the  brain  to  the 
respiratory  center.  If  the  impulses  are  suspended  only  from  the  one  side  the 
rhvthm  is  not  affected,  but  if  the  impulses  from  both  sides  are  suspended  the 
centers  act  without  any  rhythm  at  all.  This  indicates  that  the  rhythm  of  res- 
piration depends  upon  the  afferent  impulses  that  are  borne  to  the  respiratory 
center  by  the  vagi  nerves.  The_yagi_^nd_Jhe_uppcr  parts  of  the  brain  are 
therefore  the  media  through  which  pass  the  impulses  that  influence  the  respir- 
atory rhythm  and  the  respiratory  action.  In  the  case  of  the  vagi  these 
impulses  are  constant;  whereas,  in  the  case  of  the  upper  parts  of  the  brain  t le 
impulses  are  only  occasional  and  intermittent.  It  is  through  this  latter  chan- 
nel that  the  volitional  and  the  emotional  and  t he  mental  impulses  pass  to  the 
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respiratory  center  as  well  as  those  impulses  that  come  from  the  special  organs 
of  sense.  The  lungs  send  their  impulses  along  the  vagi,  these  impulses  affect- 
ing the  center  in  causing  the  discharge  of  energy.  The  excitation  of  the  vagus 
nerve  in  the  neck  produces  strong  inspirations  and  if  this  excitation  becomes 
strong  the  inspiratory  muscles  may  be  thrown  into  a tetanic  condition.  In 
some  cases  the  strong  stimulation  of  the  vagus  nerves  produces  expiratory 
activity  acoording  to  the  period  of  the  respiratory  rhythm  at  which  the  stimu- 
lation is  applied.  Hence  we  conclude  that  the  vagus  contains  both  the  inspira- 
tory and  the  expiratory  fibers.  The  impulses  borne  along  the  vagus  so  stimu- 
lating the  respiratory  center  that  there  is  rhythmic  liberation  of  energy  taking 
place  which  results  in  inspiratory  and  expiratory  movements. 

Marckwald  says  the  respiratory  center  is  automatically  active  but  if  the 
vagus  influence  is  cut  off  then  only  spasmodic  action  results  in  the  case  of 
respiratory  activity.  The  vagus  is  thus  in  constant  operation  conveying  those 
impressidfis  from  the  lungs  to  the  center  producing  this  discharge  of  energy 
which  prevents  the  centers  from  becoming  over-stocked.  The  center  in  the 
medulla  is  th  us  influenced  from  below  by  the  vagi  nerves  and  from  above  bv 
the  upper  centers.  The  division  of  one  vagus  may  have  no  affect  at  all  or  it 
may  have  only  a slight  effect  upon  respiration.  The  respiratory  activity 
diminished  gradually,  thus  resulting  in  the  production  of  slower  respiratory 
movements  and  also  in  longer  and  deeper  inspirations  and  shorter  expirations. 
The  effects  quickly  pass  away.  If  both  the  vagi,  however,  are  divided,  the 
respiratory  rhythm  is  diminished  sometimes  at  once  and  at  other  times  later. 

This  is  followed  by  slow  and  deep  inspirations.  The  inspirations  then  be- 
come gradually  more  forcible,  accompanied  by  strong  expirations,  and  a pause 
between  each  inspiration  and  expiration  representing  the  abnormal  pause.  If 
the  divided  ends  of  the  vagi  are  left  unstimulated,  the  respirations  become 
irregular,  the  inspirations  becoming  weak,  the  expirations  are  intermittent  and 
between  the  inspirations  and  the  expirations  there  are  long  pauses.  These 
varying  results  in  connection  with  the  division  of  the  vagi  nerves  are  explained 
by  the  fact  that  the  inspiratory  fiibers  are  less  sensitive  to  weak  stimulation 
than  the  expiratory  fibers,  and  that  there  is  mechanical  stimulation  when  the 
fibers  are  divided.  This  mechanical  stimulation  arouses  the  expiratory  activity. 
If  the  central  ends  of  the  divided  nerves  are  irritated  the  inspiratory  and  the 
expiratory  impulses  become  more  powerful.  If  the  one  vagus  nerve  be  divi- 
ded and  the  central  end  of  the  cut  nerve  be  stimulated,  different  results  will 
follow  these  results  depending  upon  the  character  of  the  stimulation  and  also 
the  strength  of  the  stimulation . For  example,  electric  stimulation  affects 
both  inspiration  and  expiration.  Mechanical  stimulation  affects  only  inspira- 
tion. _ Chemical  stimulation  affects  only  the  expiration.  If  the  electric  cur- 
rent is  weak,  inspiration  is  lessened  and  expiration  is  lengthened.  If  the 

electric  current  is  increased  in  strength  the  expirations  become  more  frequent 
and  the  inspirations  become  deeper  and  stronger,  the  stronger  current  arousing 
the  inspiratory  fibers  and  accelerating  the  inspirations.  If  the  vagus  nerves 
become  exhausted  by  excessive  stimulation,  then  the  application  of  the  stimu- 
lation to  the  central  end  of  the  cut  nerve  results  in  increased  expiration  the 
inspirations,  on  the  other  hand,  being  very  short  and  weak,  where  as  the  expi- 
rations are  long  and  deep,  a pause  occurring  between  the  two  If  the  irrita 
tation  is  made  very  strong  then  the  respiration  is  arrested  in  expiration  These 
opposite  results  are  due  to  the  two  kinds  of  fibers,  the  two  kinds  of  fibers  being 
different  in  function,  the  one  accelleratory  and  the  otner  inhibitory.  Each 

1 lu  °Wu  fu.nctlon’  the  one  bearing  impulses  affecting  the  expiratorv 

part  and  the  other  impulses  which  affect  the  inspiratory  part  of  the  center. 
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The  different  fibers  are  differently  affected  under  the  different  degrees  of  stim- 
ulation. Both  kinds  of  fibers  carry  impressions  originating  in  the  vagi  periph- 
eries in  the  lungs.  The  inspiratory  fibers  respond  more  readily  to  weak  stimu- 
lation, and  they  are  not  so  easily  exhausted.  If  the  . '.stimulation,"  on  the  other 
hand,  is.  medium  or  strong,  the  inspiratory  fibers  are  more  easily  affected  so 
' that  the  inspiration  action  prevails.  The  expiratory  impulses,  ho  we. 
arisejn  the  laryngeal  nerves,  especially  in  the  superior  larvncrpal 

The  superior  laryngeal  nerves  are  sensory  branches  of  the  vagi  passing 
to  the  larynx.  The  excitation  of  these  produces  expirations  and  as  the 
nerve  fibers  are  very  sensitive  strong  stimulation  produces  a stoppage  of 
the  respiration  with  a tetanic  condition  of  the  muscles  of  expiration. 
For  example,  the  presence  of  irritant  substances  in  the  larynx  immediately 
stops  inspiration.  When  the  stimulation  is  weak  respiration  becomes  slow 
and  the  pause  is  lengthened.  If  the  stimulation  is  strong  the  arrest  of  res- 
piration takes  place  in  expiration.  These  nerves  seem  to  be  expiratory 
nerves  acting  as  such,  even  when  the  medulla  is  divided  from  the  upper 
part  of  the  brain.  They  do  not  act  constantly  like  the  vagi  but  simply  act 
temporarily  when  some  irritation  affects  the  larynx,  impulses  being  originat- 
ed that  stop  inspiration.  The  impulses  which  arise  in  the  lungs  originate 
from  the  mechanical  stimulation  of  the  lungs.  Some  Physiologists  think 
that  the  stimulation  arises  from  the  gases  that  are  contained  in  the  air  vesi- 
cles. According  to  this,  during  expiration  the  increased  CO-2  contained  in 
the  vesicles  stimulates  the  inspiratory  fibers,  terminating  in  the  lungs,  the 
impulses  being  carried  to  the  inspiratory  center.  On  the  other  hand,  the 
dilatation  of  the  lungs  during  the  act  of  inspiration  stimulated  the  expira- 
tory fibers  terminating  in  the  lungs  arousing  impulses  carried  to  the  expira- 
tory center.  The  mechanical  lung  movements,  however,  are  stronger  and 
originate  the  impulses  which  affect  both  inspiration  and  expiration.  In  the 
case  of  the  glosso-pharyngeal  nerves  their  division  does  not  affect  respira- 
tory movements  whether  the  vagi  are  divided  or  not.  Their  stimulation  is 
followed  by  an  arrest  of  respiration  for  a period  equal  to  three  preceeding 
respirations.  After  that  breathing  commences  with  inspiration  just  from 
the  point  where  the  diaphragm  was  arrested.  The  glosso-pharyngeal  nerve, 
therefore,  is  a nerve  of  inhibition  coming  into  active  operation  at  the  com- 
mencement of  deglutition.  During  the  process  of  deglutition  respiration  is 
stopped,  there  is  first  a stimulation  and  afterwards  an  inhibition  the  stim- 
ulation taking  place  through  the  sensory  nerves  of  the  tongue  and  the 
pharynx  and  the  inhibition  through  the  glosso-pharyngeal  nerves.  The  in- 
hibition of  respiration  makes  it  possible  to  swallow  either  food  or  drink 
without  drawing  them  into  the  larynx.  The  stimulation  that  passes  through 
the  sensory  nerves  to  the  center  excite  the  mylo-hyoid  muscles  used  in 
swallowing  and  then  the  inhibition  takes  place  so  arresting  the  breathing 
as  to  prevent  the  food  from  passing  into  the  lungs.  Thus,  during  the  de- 
glutition process  the  breathing  is  temporarily  arrested.  Nervous  impulses 
seem  to  pass  by  irradiation  from  the  deglutition  center  to  the  respiratory 
center,  causing  a short  inspiration  followed  by  inhibition  through  the  glosso- 
pharyngeal during  a longer  period.  As  soon  as  the  food  is  swallowed  the 
inhibition  ceases  and  respiration  is  restored.  The  trigeminal  nerves  ot  the 
nose  may  be  excited  so  as  to  cause  the  arrest  of  respiration  in  the  case  oi 
certain  irritants,  for  example,  certain  poisons,  gases,  fumes,  etc. 

Tobacco  smoke  introduced  into  the  nostrils  or  into  the  lungs  of  a rab- 
bit causes  the  stoppage  of  the  respiration.  In  the  same  way  ammonia 
breathed  through  the  nose  or  introduced  into  the  lungs  results  in  tne  airest 
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of  breathing  in  expiration.  Odors  may  in  the  same  way  affect  respiration 
through  the  olfactory  nerves.  Respiration  is  also  influenced  through  the 
center  by  impulses  conveyed  along  the  cutaneous  nerves.  Sligfjf  stimula- 
tion of  a sensory  nerve  has  not  any  decided  effect  but  if  the  exitation  is 
strong  there  is  first  an  increase  in  respiratory  movements  followed  by  a 
number  of  deep  inspirations  and  the  cessation  of  expiration,  for  example, 
the  sprinkling  of  the  body  or  the  face  with  cold  water,  plunging  into  a cold 
bath  excite  inspirations  by  stimulating  the  sensory  cutaneous  nerves. 
These  are  reflex  impulses  and  [they  are  more  decidedly  marked  if  the 
higher  centers  have  been  severed  from  the  medulla,  becoming  distinctly 
spasms,  passing  into  the  convulsions  if  the  stimulation  is  very  strong.  If 
the  splanchnics  are  stimulated  strong  expirations  result  and  may  result  in 
an  arrest  in  expiration.  These  actions,  however,  are  only  temporary  and 
affect  respiration  occasionally. 

3d.  THE  INFLUENCE  OF  THE  BLOOD. 

The  respiratory  center  is  also  affected  by  the  cond iti on  _ of  the  bio o d 
through  the  influence  which  the  blood  .exerts  on 'the  peripheral  extremities 
of  The  vagus  nerves  distributed  to  the  Lungs^  The  activity  of  the  center  is 
directly  affected  by  the  state  of  the  bloodL  Various  theories  have  been  pro- 
pounded historically  as  to  the  nature  and  the  cause  of  this  influence.  It 
was  first  suggested  by  all  that  excess  of  CO2  in  the  venous  blood  brought 
to  the  lungs  stimulated  the  pulmonary  branches  of  the  vagi  producing  in- 
spiration. 

Later  it  was  supposed  that  the  same  cause  of  stimulation  applied  to  the 
sensory  nerves.  Rosenthal  then  suggested  that  inspiration  resulted  from 
the  deficiency  of  O in  the  medulla,  his  idea  being  that  the  respiratory  cen- 
ter depended  for  its  stimulation  to  activity,  upon  the  oxygenated  blood, 
passing  through  it.  The  vagi  impulses  went  up  according  * to  this  view  to 
the  center,  lessening  the  pressure  existing  in  the  center,  the  superior  laryn- 
geals  increasing  the  pressure  and  thus  respectively  assisting  inspiration  and 
expiration.  These  theories  have  all  been  based  on  the  idea  that  the  stimu- 
lating cause  of  respiratory  movements  is  found  in  the  gases  of  the  blood  in 
its  circulation  through  the  brain,  both  deficient  oxygenation  and  excessive 
carbonization  exciting  the  center.  I he  former  produces  inspirations  and 
the  latter  expirations.  In  opposition  to  this  theory  we  find  ITering  defend- 
ing the  idea  that  the  mechanical  expansion  of  the  lungs  during  inspiration, 
arouses  the  vagi  nerves  which  convey  impulses  to  the  center,  giving  rise  to 
expiration.  On  the  other  hand,  the  reaction  of  the  lungs  resulting  in  con- 
traction, stimulates  other  nerves,  arousing  the  center  to  inspiratory  action. 
This  theory  is  negatived  by  the  fact  that  respiration  may  continue  after  the 
removal  of  the  lungs.  The  theory  of  Rosenthal  based  upon  the  deficiency 
of  O as  the  cause  of  inspiration,  is  disproved  by  the  fact  that  the  blood  of 
apnoeic  animals  is  deficient  in  O.  T be-ru ost  reasonable  theory,  therefore, 
is  that  defended  by  M arckvvalxl,  vvh1r.Sii.yj5.  that  the  n orma.1  stimulation  of  the 
center  of  respirat  ion  is  not  due  to  deficient  oxygenation  of  the  blood  or  its 
excessive  carbonization , as  certain  animals,  such  as  the  hybernating  marmot 
have  been  deprived  of  the  circulation  altogether  without  interfering  in  any 
way  with  respiration.  Respiration  continues  after  a severe  hemorrhage,  the 
center  continuing  active,  depending  for  its  nourishment  upon  the  fluid  found 
in  the  substance  itself,  or  lying  between  the  different  centers.  When  the  ana- 
bolicrprocess  advances  to  a certain  point  the  substance  itself  yields  to  disso- 
lution  during  the  anabolic  process,  thereby  setting  free  eneygy  that  produces 
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spasmodic  respiration.  After  this,  a still  further  process  of  anabolism  fol- 
lows, lesulting  in  the  same  change  and  so  on  successively. 

During  katabolism  the  branches  of  the  vagi  terminating  in  the  lunes 
are  active,  producing  by  impulses  sent  to  the  center  a discharge  which 
maintains  the  respiratory  rhythm  and  prevents  spasmodic  activity.  If  the 
anabolic  process  is  stopped  apncea  results,  so  that  the  vagi  are  the  direct 
producers  of  the  katabolic  changes  which  result  in  respiratory  action  and 
rhythm.  If  the  blood  is  more  highly  arterialized  than  it  is  normally  from 
any  cause,  for  example  by  breathing  an  atmosphere  too  rich  in  O,  the  res- 
pirations are  slowed  and  may  even  be  suspended,  the  person  passes  rapidly 
into  an  apnoecic  state.  If,  on  the  other  hand,  the  blood  is  more  venous  in 
character  than  normal,  for  example,  from  the  air  not  being  allowed  to  enter 
the  lungs,  from  breathing  an  atmosphere  containing  to  much  C02  or  from 
such  excessive  tissue  respiration  as  occurs  in  great  muscular  exertion,  the 
respiratory  movements  become  more  rapid  and  also  more  violent.  In  addi- 
tion to  this,  various  other  muscular  movements,  such  as  convulsions  will 
occur,  due  to  stimuli  being  sent  from  the  respiratory  center  to  various  other 
motor  centers.  This  state  of  dyspnoea  continues  until  the  energy  of  the 
respiratory  center  is  exhausted  unless  fresh  O is  introduced  into  the  blood. 
After  this  exhaustion  the  respiratory  movements  gradually  cease  and  a 
state  of  asphyxia  follows.  From  this  it  is  evident  that  the  increase  of  O 
with  the  diminution  of  C02  in  the  blood  lessens  while  the  opposite  condi- 
tion increases  the  activity  of  the  respiratory  center.  A rise  or  fall  in  the 
temperature  of  the  blood  produces  similar  changes  in  respiration.  Each 
successive  breath  is  not  determined  by  the  blood  condition  in  the  brain  at 
the  time  of  breathing.  The  center  of  respiration  is  automatic,  at  least  to 
external  stimulation.  The  rhythm  of  respiration  depends  upon  certain 
molecular  changes  taking  place  during  the  metabolism  of  the  substance. 
Any  impulses  that  affect  the  center  have  an  influence  upon  this  metabolism. 
The  lack  of  O and  the  excess  of  C02  affect  in  some  way  the  complex  pro- 
cesses of  katabolism  and  anabolism.  In  the  case  of  diffident  oxygenation 
rendering  the  structure  of  the  center  more  unstable  and  in  the  case  of  exces- 
sive carbonization  increasing  its  explosive  character. 

The  same  is  true  of  excessive  muscular  activity  sending  up  to  the  me- 
dulla a blood  so  changed  in  character  as  to  affect  the  center,  the  blood  leav- 
ing the  muscles  in  case  of  great  muscular  activity,  being  more  venous  than 
normally.  This  venosity  of  the  blood  does  not  account  for  the  change  in 
the  center,  for  the  blood  that  leaves  the  left  side  of  the  heart  in  cases  of 
great  muscular  activity  is  not  less  oxygenated,  but  more  oxygenated  than 
usual.  This  has  led  to  the  suggestion  that  it  is  due  to  the  presence  in  the 
blood  of  an  acid,  like  sarcolactic  acid.  Whatever  the  substance  may  be  the 
respiratory  center  is  affected  through  the  blood.  Thus,  the  respiratory  cen- 
ter may  be  influenced  by  impressions  sent  along  the  afferent  nerves  by 
some  disturbance  in  the  gaseous  interchange  in  the  lungs  or  by  so  changing 
the  character  of  the  blood  that  circulates  through  the  brain  as  to  modify 
its  metabolism.  All  of  these  influences  affect  the  breathing  and  assist  in 
the  adaption  of  the  respiratory  mechanism  to  the  bodily  organism.  Defi- 
ciency in  respiratory  aeration  may  be  found  in  deficiency  of  O or  excess  of 
C 02.  If  an  animal  breathes  an  air  containing  N,  C 02  is  eliminated  nor- 
mally, and  the  blood  has  its  normal  amount  of  C 02,  yet  the  animal  becomes 
dyspnoeic  and  asphyxiated,  if  the  N is  breathed  for  a time.  This  is  due  to 
the  want  of  O.  If  the  animal  breathes  an  air  laden  with  C 02,with  a suffi- 
cient amount  of  O present  no  asphyxia  follows,  although  the  blood  is  ex- 
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cessively  laden  with  C 02,  the  respirations  become  deeper  and  more  rapid, 
inducing  unconsciousness,  indicating  that  excess  of  C 02  affects  the  higher 
part  of  the  brain.  Thus  the  center  of  respiration  receives  it  impulses  from 
several  sources.  1st,  the  higher  parts  of  the  brain.  If  these  upper  parts 
of  the  brain  are  inactive  whiie  the  pneumogastrics  are  not  divided,  and  in 
activity  we  have  the  abnormal  respiration  called  Cheyne-Stokes  breathing. 
2d,  t h e p n£um.QgRS trics^are  ihe  conitan tJbearer&  of  impulses  in  connection 
with  normal  respiration  in  contrast  with  the  upper  parts  of  the  brain  which 
do  not  constantly  influence -respiration.  These  two  represent  the  great 
nervous  influences  in  connection  with  respiratory  actions.  3d.  The  reflex 
activity  of  the  sensory  and  cutaneous  nerves  may  arouse  respiratoryTiction, 
although  these  cannot  take  the  place  of  the  constant  action  of  the  pneu- 
mogastric  and  the  higher  parts  of  the  brain.  4th.  Occasioiially  the  influ- 
ence of  the  5th  cranial  nerve, the  superior  .laryngeal  a n efthe  glosso-pharyn- 
geal  nerves  exert  an  inhibitory  influence  in  slowing  respiration  and  some- 
times arresting  it  in  expiration. 

4TH.  EFFERENT  INFLUENCES  FROM  THE  CENTERS. 

From  the  center  there  are  transmitted  at  regular  intervals  through  the 
various  nerve  fibers  nervous  impulses  which  stimulate  the  different  muscles 
of  respiration.  These  impulses  are  all  sent,  or  supposed  to  be  sent  through 
subsidiary  centers  situated  in  the  spinal  cord,  before  they  actually  reach 
the  particvlar  nerves  which  supply  the  respiratory  muscles;  and  tnese  sub- 
sidiary centers,  may  in  exceptional  cases,  carry  on  the  stimulation  of  the 
inspiratory  muscles  when  the  chief  center,  for  some  reason,  has  been  dis- 
abled. 

During  respiration,  the  only  efferent  nerves  along  which  the  nervous 
impulses  that  produce  contraction  of  the  muscles  pass  are  the  phrenic 
nerves  to  the  diaphragm,  the  intercostal  nerves  to  the  intercostal  muscles 
and  the  facial  nerves  to  the  dilatores  nasi.  The  division  of  one  phrenic 
nerve  results  in  the  paralysis  of  that  side  of  the  diaphragm.  The  division 
of  both  phrenic  nerves  results  in  the  paralysis  of  the  entire  diaphragm.  In 
this  case  inspiration  is  hindered  because  it  depends  entirely  upon  the  other 
muscles  while  the  diaphragm  is  so  relaxed  as  to  be  pulled  inside  the  chest 
at  each  inspiration.  In  this  way  the  diaphragm  retards  rather  than  assists 
as  it  normally  does  the  respiratory  activity,  death  results  in  a very  short 
period  from  asphyxia.  If  the  spinal  cord  is  divided  beneath  the  junction  of 
the  5th  cervical  nerve  the  costal  respiratory  movements  are  suspended  en- 
tirely. In  this  case  the  phrenic  nerves  remain  intact,  and  hence,  dia- 
phragmatic action  would  continue  almost  uninterrupted.  If  a division  is 
made  of  the  spinal  cord  just  above  the  origin  of  the  phrenic  nerves,  both 
the  costal  and  the  diaphragmatic  impulses  are  arrested  although  the  respir- 
ation still  goes  on  almost  normally  in  the  larynx.  During  normal  respira- 
tion impulses  arc  carried  to  the  larynx,  causing  the  glottis  to  open  during 
inspiration. 

These  impulses  pass  along  the  laryngeal  branches  of  the  pneumogas- 
trics. If  the  pneumogastrics  are  divided  above  the  origin  of  these  laryn- 
geal nerves,  respiration  will  cease  in  the  larynx,  the  laryngeal  muscles  be- 
ing paralized  and  the  glottis  being  closed.  The  nerves  of  the  lungs  are  the 
vagi,  the  sympathethetics  and  the  upper  dorsal  nerves.  The  pneumogas- 
tric  sends  out  branches  into  the  lungs,  these  branches  affecting  the  respira- 
tory activity.  Not  only  do  we  find  general  impulses  passing  through  the 
vagi  but  there  are  special  fibers  fn  connection  with  respiration.  It  has  been 
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found,  for  example,  that  by  excitation  of  one  pneumogastric  the  bronchi  of 
the  lungs  become  constricted.  On  the  section  of  one  pneumogastric  the 
bronchi  on  that  side  are  dilated.  The  stimulation  of  the  peripheral  and 
also  of  the  central  ends  of  the  divided  nerves  produces  a contraction  of  the 
bronchi  on  both  sides.  The  contraction,  however,  is  less  marked  when  the 
central  end  is  stimulated.  In  the  case  of  the  administration  of  ether  or 
chloral,  this  stimulation  of  the  cut  peripheral  or  central  end  of  the  vagus 
produces  dilatation  of  the  bronchi.  This  seems  to  indicate,  first  of  all,  the 
existence  of.  constrictor  and  dilator  bronchi  fibers  in  connection  with  the 
pneumogastric.  2d.  That  both  of  these  fibers,  constrictor  and  dilator 
fibeis,  pass  thiough  the  pneumogastric  representing  the  afferent  constrictor 
and  dilator  fibers,  these  being  found  by  the  stimulation  of  the  peripheral  end 
ot  the  pneumogasti ic  affectiiv both  lungs  so  that  each  pneumogastric  sends 
both  constrictois  and  dilators  to  both  lungs.  When  sensory  nerves  are 
stimulated,  theie  is  in  fact  only  a slight  effect  by  way  of  contraction. 
Various,  expei  iments  have  shown  the  existence  of  pressor  fibers, 
the  excitation  of  which  produces  a contraction  of  the  air  vessels  of  the 
lungs.  The  afferent  pressor  fibers  are  found  in  the  vagi  while  the  efferent 
pressor  fibers  pass  through  the  sympathetics  to  the  lungs.  4th.  There  are 
trophic  fibers  in  connection  with  the  vagus  and  also  with  the  sympathetics. 
By  dividing  one  vagus  for  example,  there  are  found  to  be  certain  changes 
taking  place  in  the  lungs.  For  example,  the  inflamation  that  is  present  in 
the  lungs  due  to  the  severence  of  the  trophic  fibers  is  accounted  for  by  the 
fact  that  nutrition  is  cut  off  from  the  lung  substance.  5th.  There  are  also 
sensory  fibers  in  the  vagus  reaching  the  trachea,  the  larynx  and  the  lungs. 
This  is  proved  by  the  fact  that  a section  of  these  fibers  destroys  sensibility. 
6th.  In  addition  to  these  the  sympathetic  nerves  furnish  vasomotor  fibers, 
these  vasomotor  fibers  arising  from  the  spinal  cord  in  the  anterior  roots  of 
the  2d,  3d,  4th,  5th  and  6tn  dorsal  nerves,  passing  to  the  sympathetic  and 
from  the  sympathetics  to  the  first  thoracic  ganglion  and  thence  to  the  lungs. 
These  represent  the  chief  nerves  that  we  call  the  efferent  fibers  that  reach 
the  lungs. 


THE  RESPIRATORY  CENTER  IN  THE  FCETAL  LIFE. 

In  the  fceetal  life  the  foetus  receives  O from  and  gives  C02  out  into  the 
maternal  blood.  The  respiratory  center  is  in  a condition  of  apnoea  result- 
ing from  the  large  quantity  of  O in  the  blood  and  also  from  the  absence  of 
irritability.  In  the  foetal  blood  there  is  a large  percentage  of  haemoglobin 
and  also  a large  capacity  for  respiration.  Normally  .however  the  child  does 
not  breathe  in  the  uterus.  In  abnormal  conditions,  however,  where  the  O 
supply  is  integrfered  with  there  ma)o:  be  respiratory  movements  even  when 
the  child  remains  intact  in  the  foetal  sac.  If  the  blood  should  become  very 
venous  this  excitement  would  produce  respiratory  action.  This  respiratory 
action,  however,  would  be  abnormal.  So  long,  therefore,  as  a child  remains 
within  the  embryonic  membrane,  respiration  normally  is  impossible  even 
if  the  activity  of  the  center  of  respiration  is  aroused,  because  if  such  respir- 
atory movements  look  place  then  the  nasal  cavity  would  be  filled  with  fluid. 
This  fluid  acts  as  an  irritant  upon  different  nerves,  setting  up  impulses 
which  inhibit  the  center  of  respiration  so  that  in  the  foetal  life  the  respir- 
atory system  is  intact  and  complete  but  there  is  a constant  inhibition  by  the 
action  of  the  fibers  of  the  nasal  cavity.  This  forms  the  reason  why  some- 
times after  birth,  it  is  necessary  to  remove  the  mucous  from  the  nasal  cav- 
ity in  order  to  produce  respiration.  The  mucous  so  long  as  it  remains  in 
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the  nasal  cavity  produces  the  inhibition  of  the  respiration  activity.  The 
foetal  lungs  have  no  air  although  they  occupy  the  entire  space  of  the  chest 
cavity  along  with  the  other  organs.  When  inspiration  commences  in  a 
newborn  child  a very  small  amount  of  air  passes  in  at  the  beginning  of  in- 
spiration on  account  of  the  fact  that  the  air  cell  walls  are  closely  adhesive. 
The  expansion  of  the  lungs  und  air  cells  and  the  respiratory  passages  take 
place  gradually.  This  accounts  for  the  fact  that  respiration  at  first  in  the 
newborn  child  is  not  double  but  single,  that  is,  consists  of  only  inspirations 
until  expansion  of  the  lungs,  air  cells  and  air  passages  takes  place  when  we 
find  the  normal  respirations  consisting  of  inspiration  and  expiration. 

CHAPTER  V.— ALIMENTATION. 

SECTION  I. —‘Introduction- 

Alimentation  inciudes  those  processes  through  which  matter  taken  in- 
to the  body  becomes  assimilated  to  the  tissues  and  the  fluids  of  the  body 
and' thi  waste  matter  afterwards  is  excreted  from  the  body.'  The  different 
solid  and  fluid  substances  necessary  for  the  body  nutrition  constitute  what 
we  call  food.  The  object  of  taking  food,  therefore,  is  to  secure  the  nutri- 
tion of  the  body  tissues.  This  food  matter  including  the  O taken  in  during 
inspiration  passes  through  certain  chemical  changes,  these  chemical 
changes  acting  as  a source  of  energy  and  in  time  of  waste  is  excreted  from 
the  body  in  various  forms.  This  food  matter,  therefore,  provides  for  the 
energy  of  the  body.  Alimentation,  therfore,  supplies  the  matter  for  the 
tissues  and  also  the  energyTor  the  body  as  a whole.  In  the  interchanges 
beT^rmi  the  lifSTTer  introduced  into  the  system  ancTThe  system  itself,  energy 
is  evol/ed  by  means  of  which  the  bodily  function  is  performed.  Thus,  ali- 
mentation is  aprocess  consisting  of  a great  number  of  stages  all  these 
stages  representing  certain  actions  that  are  necessary  in  the  maintenance  of 
the  tissues  and  also  in  the  maintenance  of  the  bodily  organs  and  the  body 
as  a whole.  This  process  of  alimentation  must  be  understood  because  from 
the  Osteopathic  standpoint  the  lack  of  nutrition  or  the  failure  to  perform 
the  nutritive  functions  forms  one  of  the  main  causes  of  the  abnormal  and 
the  diseased  conditions  of  the  body.  In  fact  it  forms  the  main  cause  of 
diseased  conditions  because  these  alimentary  processes  are  at  the  basis  of 
the  formation  of  the  blood.  The  tissues  of  the  bod}7  receive  their  nutri- 
ment and  their  O from  the  fluid  which  circulates  through  the  whole  system 
whose  formation  and  changes  through  which  it  passes,  represent  the  differ- 
ent processes  of  nutrition.  Each  of  these  nutrient  processes  may  be  said 
to  include  subsidiary  processes  but  they  are  all  united  together,  in  the  dis- 
charge of  one  main  function,  this  function  being  the  formation  of  the  blood, 
its  circulation  and  the  process  of  blood  purification. 

The  living  tissues  of  the  body  in  the  performance  of  their  functions 
pass  through  certain  physical  and  chemical  changes  which  result  in  the  op- 
erations taking  place  in  connection  with  metabolism  of  the  human  body. 
Alimentation  represents  a number  of  processes,  each  process  representing 
some  action  having  in  view  the  normal  maintenance  of  tissue  and  body  func- 
tion. This  represents  an  interesting  study  from  the  standpoint  of  disease 
because  where  disease  exists  the  nutrition  process  is  at  fault.  The  physical 
signs  of  weakness  and  emaciation  indicate  the  failure  of  nutrition  to  perform 
its  proper  work.  In  some  cases  the  fault  may  be  in  the  food,  for  the  food 
must  be  of  the  nutritive  kind  in  order  to  be  assimilated  to  the  body  sub- 
stance. In  other  cases  the  fault  lies  in  the  processes  through  which  the 
food  passes,  possibly  in  the  blood  formation  or  in  the  mechanisms  of  diges- 
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tion  or  circulation.  In  other  cases  the  secretory  and  excretory  systems  do 
their  work  imperfectly,  thus  permitting  the  presence  of  waste  substances  in 
the  body  that  are  dangerous  to  the  system. 

The  physiology  of  alimentation  is  most  important,  therefore,  in  order 
to  reach  an  ideal  conception  of  food  in  its  purity  and  its  adaptability  to  the 
system,  and  in  relation  to  the  processes  through  which  the  food  must  pass 
in  order  to  be  made  ready  for  assimilation  to  the  body.  Alimentaty  de- 
rangements must  be  remedied,  therefore,  along  two  lines  either  on  the  basis 
of  proper  diet,  or  on  the  basis  of  proper  alimentary  actions.  How  does 
nutrition  of  the  tissues  take  place?  All  the  tissues  of  the  body  receive 
their  nutriment  from  the  blood  that  circulates  freely  in  all  tissues.  To  this 
we  must  add  the  oxygen  brought  into  the  system  in  respiration.  The  prop- 
er food  elements  in  connection  with  the  blood  depend  upon  the  principles 
of  dietetics.  Food,  whatever  the  food  may  be,  differs  very  materially  from 
the  blood  and  its  elements.  Hence,  certain  substances,  either  in  solid  or 
fluid  form  enter  the  body  to  be  subjected  to  certain  physical  and  chemical 
changes  which  constitute  the  digestive  process. 

In  order  to  the  carrying  on  of  digestion,  certain  actions  and  processes 
are  necessary  for  the  breaking  up  of  the  food,  and  for  its  passage  to  the 
various  glands  which  secrete  fluids,  into  contact  with  which  food  must  be 
brought  in  order  to  prepare  it  for  absorption.  When  it  has  been  acted  upon 
by  the  various  juices,  it  appears  in  the  soluble  form  of  chyme  so  that  it  can 
pass  into  the  blood  or  into  the  lacteals.  The  chyle  passes  through  the  mes- 
entery to  the  receptaculum  chyli,  from  whence  it  passes  along  the  thoracic 
duct  to  the  bloocl.  In  this  way  the  blood  receives  by  absorption  new  nutri- 
tive supplies  to  which  is  added  the  oxygen  from  the  respiratory  process. 
For  the  process  of  blood  formation,  blood  corpuscles  are  introduced  from 
the  blood  glands,  these  blood  corpuscles  being  held  in  the  fluid.  Under  the 
mechanism  of  the  circulation  the  blood  is  carried  throughout  the  body 
bringing  these  nutrient  elements  to  the  different  tissues  of  the  body.  The 
blood  is  receiving  new  supplies  of  nutriment,  and  also  collecting  the  waste 
matters  from  the  tissues.  These  waste  elements  cause  the  blood  to  become 
impure,  so  that  these  impurities  require  to  be  given  off  in  the  form  of  excre- 
tion. The  organic  functions  of  the  different  organs,  although  distinct,  are 
not  independently  so.  The  blood,  for  example,  is  a bearer  of  oxygen  and 
the  nutrient  matters,  at  the  same  time  being  the  bearerof  the  waste  matters. 
Similarly  the  liver  is  the  organ  in  connection  with  whose  cells  the  formation 
of  the  bile  takes  place,  and  also  the  metabolism  Which  is  connected  with 
secretion.  In  the  discharge  of  all  these  functions  there  is  the  setting  free 
of  energy^  in  the  form  of  heat  and  of  mechanical  work,  all  the  organs  of  the 
body  being  concerned  in  this  liberation  of  energy  and  heat.  In  this  way 
nutritive  processes  lie  at  the  basis  of  all  the  activities  of  the  body  mechan- 
ism and  are  therefore  of  great  importance.  > 

SECTION  IL  Diet. 

As  the  body  is  made  up  of  various  proximate  principles  it  is  evident 
that  the  food  which  is  to  nourish  the  body,  must  contain  or  yield  similar 
proximate  principles. 

The  partsof  the  food  which  are  digestedand  used  by  the  body  are  called 
alimentary  principles.  An  adult,  in  order  to  maintain  lile  and  health,  must 
use  a certain  quantity  of  food  daily.  The  waste  is  constantly  going  on  in 
connection  with  the  physical  and  psychic  changes  depending  upon  activity'. 
In  a person  who  is  growing  a larger  amount  oi  food  is  necessaiy  in  01  do  to 
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furnish  matter  for  the  neiv  forming  tissues  of  the  body.  As  the  food  stuffs 
are  in  an  insoluble  form  and  differ  from  the  matter  of  the  body  tissues  con- 
version requires  to  take  place  in  order  to  fit  them  for  use  in  nourishing  the 
body.  The  food  is  subject  to  great  variations  from  place  to  place  and  from 
year  to  year,  but  when  all  these  complex  foods  are  analyzed  they  are  found 
to  consist  of  certain  specific  substances  which  have  been  reduced  to  classes. 
In  order  to  estimate  the  nutrition  value  of  food  it  must  be  analyzed  in  order 
to  find  the  constituents  contained  in  it.  In  order  to  understand  the  digestive 
process  we  must  carefully  consider  the  chemistry  of  the  foods  made  use  of. 
The  proximate  principles  of  the  food  are:  1st,  Water.  Too  little  water  in 

the  system  causes  thirst  and  too  much  water  causes  plethora.  Water  may 
be  regarded  as  the  medium  in  which  the  various  chemical  tissue  changes 
take  place.  The  amount  of  water  present  In  the  system  appears  to  influence 
the  activity  of  the  tissue  changes,  for  by  increasing  the  amount  of  water 
taken  in,  the  amount  of  nitrogenous  waste  matter  excreted  is  increased  to 
an  extent  beyond  that  which  can  be  explained  by  the  increase  of  fluid, 
increasing  the  facilities  of  excretion.  Water  should  be  clear  and  free  from 
odors.  It  should  be  fresh  and  palatable,  due  to  the  presence  of  salts  and 
carbonic  acid.  Spring  water  is  rich  in  oxygen  from  the  atmospheric  air  and 
carbonic  acid  from  the  earth.  These  are  said  to  exist  to  the  extent  of  10  to 
20  C C of  oxygen  and  5 to  25  C C of  carbonic  acid  per  liter.  Distilled  water 
is  tasteless.  Rain  water  has  no  saline  substance  and  hence  it  is  soft,  contain- 
ing carbonic  acid,  ammonia  and  some  other  acids.  Water  from  certain 
springs  contain  large  quantities  of  carbonic  acid,  sulphur,  etc. 

In  water  there  are  mineral  substances  including  the  carbonates,  sul- 
phates and  chlorides.  The  hardness  of  water  depends  upon  the  lime  and 
magnesia  contained  within  it.  Good  water  should  not  have  more  than  20° 
of  hardness,  that  is,  20  parts  of  lime  to  100,000  parts  of  water.  Water  con- 
taining organic  matter  should  not  be  used.  Micro-organic  subrtances  may 
be  found  also  in  the  water.  Water  is  absolutely  essential  to  the  body  as  the 
tissues  must  have  a certain  quantity  of  water  to  sustain  life.  If  the  water 
falls  below  a certain  quantity  which  varies  in  different  persons  and  in  differ- 
ent conditions  there  is  a waste  in  the  body. 

2d.  Salts.  Mineral  substances  are  necessary  in  the  foods  in  order  to 
promote  the  nutritive  processes  and  for  the  purpose  of  nourishing  the  body. 
When  these  salts  are  absent  the  health  is  endangered.  The  ‘Oh-i-of  sail'  is 
chloride  of  sodium  found  in  all  the  tissues  of  the  body  and  in  its  fluids  In 
the  body  excretion  it  is  estimated  that  from  18  to  20  grams  of  sodium  chlo- 
ride are  excreted  daily,  and  this  amount  should  be  supplied  daily  to  the 
body.  If  a diet  consists  of  no  salts  albumin  is  usually  found  in  the  urine. 
There  is  not  sufficient  common  salt  in  the  food  stuffs,  hence,  salt  must  form 
an  element  of  food.  If  potassium  chloride  is  used  instead  of  sodium  chlo- 
ride the  urine  if  found  to  contain  very  little  sodium  chloride,  the  blood  and 
tissues  retaining  it.  Part  of  the  sodium  chloride,  also  gDes  through  a chem- 
ical change  that  supplies  chloriiiesTn  ortler  to  form  hydrochloric  acid  for 
the  gastric  juice.  Potassium  salts  are  also  necessary  in  food.  These  are  found 
in  the  blood  corpuscles,  muscle  and  nerve  tissue,  while  the  sodium  salts  are 
found  in  the  liquids.  Small  quantities  assist  the  circulation  of  the  blood 
raising  the  blood  pressure  and  assisting  the  heart  in  its  normal  contractions. 
Lime  salts  are  also  necessary  for  the  nutrition  of  bony  tissue.  Iron  is  found 
in  connection  with  hremoglobin  of  the  blood.  Most  of  these  leave  the  body 
in  the  same  form  as  they  are  introduced,  playing  some  important  part  in  the 
process  of  nutrition,  and  then  being  excreted.  These  are  of  value  not  so 
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they  are  subject  as  in  connection 


much  for  the  chemical  changes  which 
with  the  metabolism  of  the  body. 

3d.  Carbo  hydrates.  Among  these  are  starch  found  in  potatoes,  arrow- 
cereals  and  in  the  leguminous  vegetables.  It  is  found  in  smaTTSVal 
granules,  possessing  different  degrees  of  resTstence  to  water  penetration 
^anesugar  is  found  in  connection  with  the  cane  and  the  beet,  and  in  some 
vegetables  such  as  carrots,  turnips  and  watermelons.  Grape  sugar  is  found 
m hints,  in  honey,  in  wine  and  beer.  In  addition  to  these,  there  is  milk 
sugar,  muscle  sugar  and  cellulose.  All  the  carbo-hydrates. become  absorbed 
as  sugar  in  digestion.  If  the  diet  is  rich  in  earbo-hydrates,  the  urine 
excreted  is  lessened,  because  the  carbo-hydrates  are  easily  oxidized;  hence 
they  are  used  up  first  by  the  body.  They  have  no  nitrogen  and  thev  are 
destroyed  in  the  body,  and  from  them  energy  is  set  free  which  we  find  in 
heat  and  work.  They  form  the  bulk  of  all  diet. 

4th-  _Pats_.  The  fat  in  animal  food  consists  of  three  substances,  stearin, 
palmitin  and  olein;  the  latter  representing  the  fluid  fat,  such  as  oil’and  the 
two  foimei,  the  solid  fat  such  as  butter  and  lard.  If  an  animal  is  fed  on  fat 
alone,  the  excretion  of  urea  is  less  than  if  the  animal  receives  no  food  at  all, 
indicating  that  if  much  fat  is  present  the  proteid  substances  are  less  likely 
to  be  changed  in  metabolism.  There  is  no  nitrogen  in  fat  and  hence  the 
fats  have  greater  value  as  a source  of  heat  and  energy  than  the  carbo-hydrates 
foi  the)  are  less  easily  digested  and  less  easily  subjected  to  destruction  in 
the  body.  Their  chief  physiological  value  is,  that  the  fat  can  be  stored  up 
in  the  bod)-. 

5th  Proteids.  There  are  twro  kinds  of  albuminous  substances,  (a)  Animal 
suchas  casemeTTmilk  ) myosin  (muscle)  andalbumin  (egg  and  blood.)  (b)  Veg- 
etable, such  as  the  albumin  in  w-heat  and  legumin  in  peas  and  beans.  Albu- 
minous matter  is  not  found  so  largely  in  vegetables  as  in  animals.  These 
albuminous  substances  form  the  chief  substance  in  the  metabolism  of  nutri- 
tion because  there  is  a large  amount  of  proteid  in  the  blood  and  in  the  tis- 
sues. The  proteids  whether  animal  or  vegetable  are  practically  the  same. 
Physiologically  they  lurmsh  the  matter  tor  the  tormatiOT  6t  new  bssiiT^nd 
for  the  repair  of  old  tissue  and  also  as  a source  ot  body  energy^  Because 
the  proteids  consist  of  nitrogenous  substances,  since  the  fats  and  carbon 
hydrates  do  not  contain  nitrogen.  Hence  proteid  is  necessary  to  form  new 
tissue.  If  the  food  contains  no  proteid  the  tissues  would  soon  waste,  hence 
the  proteids  and  w^ater  are  the  most  essential  for  existence  and  the  other 
foods  are  accesories  to  these.  Among  the  proteids  are  classed  also  the 
albuminoids.  One  of  the  chief  albuminoids  is  gelatin.  It  is  not  found  in 
the  rawr  foods  but  wre  find  it  in  such  coolded  foods  as  soup.  Likc-tbe-protcids 
they  contain  nitrogen.  They  cannot,  however,  take  the  place  of  the  pro- 
teids, their  value  being  that  they  a^re  nitrogenous,  although  differing  consid- 
erably from  the  pure  nitrogenous  foods. 

6th.  Gases.  Oxygen  may  be  regarded  as  a food.  Its  passage  into  the 
blood  and  the  tissues  takes  place  in  respiration. 

7th.  In  addition  to  these  certain  condiments  and  beverages  are  used 
as  food  accessories.  These  stimulate  tne  appetite  and,  promote  digestion  if 
taken  in  moderation  and  under  proper  restraints.  Alcohol,  although  in  one 
sense  a food,  is  not  a very  suitable  food.  Lieib  instates  that  alcohol  is  de- 
composed  in  the  blood  into  ethyl,  acetic  acid,  oxalic  acidx  CO2  aiKTR2  O. 
There  is  a small  quantity  exhaled  througlTtlie  lungs  and  excreted  by  the 
kidneys.  It  is  said  to  be  oxidized  to  the  extent  of  96  per  cent,  this  oxida- 
tion producing  heat.  It  also  diminishes  heat  by  interrupting  the  metabolism 
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m_th^-tissues-^n.diessening  the  oxidation  of  fatty  substances  and  carbo-hy- 
H rates  finally  reducing  the  animal. iicat.  It  diminishes  protei<T  metabolism 
as  is  evident  from  the  diminution  of  urea  excreted.  In  small  quantities  it 
excites  the  digestive  mucous  and  also  acts  as  an  excitant  by  diffusion  of 
circulation  and  the  nervous  system.  In  digestion  it  is  not  only  unneces- 
sary, but  hurtful  unless  used  in  very  small  quantities. 

The  wines  contain  in  addition  to  alcohol,  pigments  and  organic  acids. 
The  character  of  the  wine  depending  upon  the  acid  that  prevails.  In  wine 
there  iT also  sugar  some  traces  of  proteids  and  gum.  In  brandy  there  is  in 
addition  to  alcohol  qenanthic  ether,  in  rum  butyric  ether  which  gives  it  its 
odor,  in  gin  juniper  oil  and  in  whisky  when  free  from  alcohol  there  is  a 
malt  flavor.  In  the  malts  we  find  alcohol,  sugar,  glutin,  dextrin,  together 
with  bitters  aromas  and  salts.  In  beer  we  find  70  to  80  per  cent  of  water,  2 
to  10  per  cent  of  alcohol  and  2 to  5 per  cent  of  sugar,  2 to  10  per  cent  of 
dextrine  and  y2  to  1 per  cent  of  carbonic  acid.  From  the  hops  it  derives 
its  bitters,  fats,  lactic  acid  and  salts.  Vegetable  acids  such  as  vinegar  and 
acid  fruits  taken  in  moderation  act  as  a stimulant  in  salival  and  gastric  se 
cretion  being  changed  into  carbonic  acid  in  passing  through  the  body  being 
excreted  as  carbonates  in  the  urine.  The  stimulant  condiments  • taken  in 
small  quantities  such  as  pepper,  mustard,  spices,  etc.,  locally  stimulate  the 
mucous  membranes  and  aid  the  flow  of  saliva  and  gastric  juce,  but  diges- 
tion may  be  performed  without  these.  Tea,  coffee,  cocoa,  coca  all  contain 
an  active  alkaloid  along  with  other  substances  acting  as  a stimulant  upon 
the  nervous  system  actively  increasing  the  4tfnfciohs  aiid  lessening  the  act- 
ivity of  the  waste  of  tissues.  These  alkaloids  are  all  related  to  xanthin. 
They  also  contain  other  substances  which  are  of  Physiological  value.  For 
example,  coffee  has  a large  quantity  of  aromatic  substance,  tea  a large 
quantity  of  tannin  and  cocoa  a large  quantity  of  fat  and  albumin.  Tea  also 
contains  iron,  maganese  and  sodium  and  etherial  oil.  Coffee  contains  po- 
tassium salts.  T ea  a n d c o ff e e_iLC.t-.as. stimula nisJja  the -n e rv ou s system  and 
have  no  after  effects  of  depression  like  alcohol,  relieving  feelings  of  fatigue. 
This  is  especially  true  of  coca*  the  extensive  use~of  which  enables  persons 
to  undertake  Tong  and  fatiguing  journeys. 

A healthy  diet  must  first  contain  all  the  proximate  principles  found  in 
the  body  or  substances  capable  of  yielding  all  these  proximate  principles. 
2d.  Include  a sufficient  proportion  of  these  substances  varying  somewhat 
with  the  age  and  condition  of  the  person,  the  work  performed  and  the  cli- 
mate. 3d.  Have  a certain  sapidity  or  flavor,  in  order  to  promote  the  appe- 
pite  and  digestion.  4th.  These  substances  must  be  digestible  in  order  to 
be  nutritive,  the  indigestible  substances  being  not  only  lacking  in  nutritive 
value  but  producing  an  interference  with  the  digestive  and  excretive  organs. 
Life  cannot  be  sustained  upon  one  of  the  proximate  principles  or  upon  food 
yield mg~dnTy  one  of  these  principles.  There  are  experiments  that  have 
been  made  in  which  animals  and  also  human  subjects  have  been  fed  upon  a 
single  proximate  principle  the  result  being  fatal  or  injurious  to  health.  A 
normal  diet  is  one  found  containing  a certain  proportion  of  food  of  a cer- 
tain composition  necessary  for  the  maintenance  of  life.  Experience  and 
usage  have  led  people  to  adopt  certain  diets,  and  the  results  of  their  expe- 
rience furnish  the  only  means  of  selecting  a proper  food  diet  on  a correct 
basis.  Food  includes  those  liquid  or  solid  substances  necessary  for  the  nu- 
trition of  the  body.  In  the  body  tissues  certain  processes  of  metabolism 
are  necessary  to  sustain  vitality.  Chemical  changes  take  place  and  certain 
substances  are  formed  which  are  thrown  off  as  waste  matters.  This  daily 
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loss  takes  place  in  connection  with  the  lungs,  the  kidneys,  the  skin  and  the 
other  excretions.  Food  is  necessary  to  make  up  for  this  loss.  In  the  case 
ot  an  adult  working  moderately,  there  is  a daily  loss  by  the  lungs  of  about 
QOO  grams  of  C 02  or  245  grams  of  C;  by  the  skin  of  about  9.15  grams  of 
C 02  or  2.5  grams  of  C ; by  the  kidneys  about  30  to  36  grams  of  C O,  or  o 
to  10  grams  ot  C;  in  the  faeces  about  15  to  20  grams  of  C.  This  represents 
a total  of  from  270  to  280  grams  of  C excreted  from  the  body  daily  In 
the  urine  there  is  about  30  grams  of  urea  excreted  daily  or  14  grams  of  N 
in  the  other  nitrogenous  matters  excreted  from  the  body  there  are  about'  ; 
grams  ot  N excreted  daily,  making  a total  of  about  19  grams  of  N excreted 
ca!  g There  are  also  excretions  of  O and  H and  various  salts,  but  the 
chief  elements  are  the  C and  N because  food  from  a dietetic  standpoint  de- 
pends largely  upon  these  elements.  This  represents  a total  loss  of  about 
1,000  grams  of  matter  aside  from  the  water  that  is  thrown  off.  In  addition 
to  this  energy  is  being  expended,  this  energy  assuming  the  forms  of  mo- 
tion and  heat.  This  energy  is  estimated  as  amounting  to  over  five  million 
toot  pounds.  The  energy  represented  by  the  heart  action  daily  is  about  50,- 
000  kilog.  meters  by  the  activity  of  the  muscles  of  respiration  12,000  kilog. 
meters,  by  the  activity  of  the  ordinary  muscles  125,000  kilog.  meters  and 
the  body  heat  620,000  kilog.  meters  representing  the  total  of  about  807,000 
kilog.  meteis  of  eneigy  exhausted  daily.  This  energy  must  be  compensa- 
ted for  by  the  food  supply  and  by  the  O of  respiration.  The  changes  tak- 
ing place  in  the  body  result  in  the  setting  free  of  energy  in  the  form  of  heat 
and  mechanical  work.  The  larger  amount  of  the  energy  takes  the  form  of 
heat.  Even  during  the  inactivity  of  the  muscles,  these  chemical  changes 
are  constantly  taking  place.  In  the  contraction  of  muscle  more  than  34  of 
the  energy  assumes  the  form  of  heat,  the  remaining  % taking  the  form  of 
work,  even  a part  of  this  latter  being  in  the  case  of  work  also  converted 
into  heat.  This  heat  supply  arises  in  connection  with  the  oxidation  of  the 
food  materials,  this  oxidation  taking  place  in  connection  with  the  O absorb- 
ed, combining  with  the  C 02  and  the  H2  O. 


The  energy  of  the  body  thus  converted  takes  the  form  of  potential 
energy,  these  foods  being  derived  originally  from  plant  life  built  up  in  con- 
nection with  the  energy  of  heat-producing  bodies,  such  as  the  sun.  This 
potential  energy  under  the  influence  of  active  body  metabolisn  becomes 
kinetic  energy.  The  combustion  of  foods  outside  the  body  gives  an  approx- 
imate estimate  of  the  amount  of  energy  available  in  the  case  of  certain  food. 
In  connection  with  any  substance,  it  is  necessary  to  determine  the  energy 
of  the  foods  as  admitted  to  the  body,  and  also  the  elimination  of  waste 
from  the  body.  This  must  be  replaced  by  metabolism  between  the  food  and 
the  O of  respiration.  The  food  supplied  to  the  body  during  the  process  of 
alimentation  has,  therefore,  a most  important  bearing  upon  life,  functional 
capacity  and  health. 

The  first  law  of  dietetics  that  we  have  already  referred  to,  that  a suitable 
diet  must  provide  the  proximate  principles  of  the  body  or  foods  that  will 
produce  these.  This  is  true  equally  for  the  plants  and  animals  for  civilized 
and  uncivilized  people.  The  general  dietary  principles  have  been  derived 
from  experiments  upon  the  feeding  of  animals.  In  the  normal  adult  the 
chief  consideration  in  dieting  is  to  provide  nitrogenous  and  non-nitrogenous 
matters  with  sufficient  salts  and  water  to  sustain  the  body  condition.  If 
proteid  substances  are  used  alone,  a much  larger  proportion  must  be  used 
than  in  the  case  of  the  mixed  diet.  It  is  questionable  if  in  the  human  sub- 
ject life  could  be  long  sustained  normally,  on  such, a diet  on  account  of  the 
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greater  activity  of  the  digestive  process  in  digesting  proteid  alone  and  on 
account  of  the"  greater  increase  of  activity  in  the  excretory  system.  Hence, 
the  general  conclusion  from  this  standpoint  of  hygiene  is  that  there  must  be 
a mixed  diet  consisting  of  proteids,  fats  and  carbo-hydrates.  The  ratio 
between  these  three  chief  food  elements  depends  upon  the  experimental 
value  of  the  different  kinds  of  food.  It  is  on  this  basis  that  the  iso-dyna- 
mic equivalents  made  use  of  by  Moleschott  are  estimated.  Voit  estimates 
the  ratio  of  nitrogenous  to  non-nitrogenous  foods  as  from  1 to  5,  this  calcu- 
lation being  based  on  the  amount  of  food  in  the  dry  condition.  In  addition 
to  this  the  food  may  be  digestible  or  indigestible.  Some  foods  digest  easily 
and  others  with  difficulty.  This  can  only  be  determined  by  experiments  in 
the  use  of  foods  in  animals.  This  gives  to  meat  food  great  nutritive  value 
because  only  a small  per  cent  is  lost,  whereas,  in  vegetable  food  usually  a 
large  per  cent  escapes  digestion  and  absorption.  Various  attempts  have 
been  made  to  fix  an  ideal  diet  that  would  meet  all  possible  necessities  of  the 
bodily  system.  Moleschott  taking  as  his  basis  the  daily  loss  of  an  individual 
as  we  have,  found  if  already  amounting  to  about  19  grams  of  N and  280 
grams  of  C has  suggested  as  a dietary  120  grams'  of  dry  albumin,  90  grams 
pf  fat,  and  350  grams  of  carbo-hydrates,  making  in  all  about  19  ozs.  of  solid 
food.  According  to  the  estimates  of  energy  on  the  basis  of  the  colorimetric 
method,  this  would  produce  by  oxidation  normally  a little  over  one  million 
kilog.  meters  (one  kilog.  meter  equals  7.233  foot  pounds)  yielding  more  than 
sufficient  energy  to  sustain  life,  on  the  basis  of  the  energy  expended  as 
given  before,  considering  that  complete  oxidation  does  not  take  place  in  the 
body.  Experience  has  shown  that  dietary  variations  are  necessary  for  dif- 
ferent  people,  according  to  their  employments  or  manners  of  life.  Those 
actively  employed  in  occupations  calling  for  muscular  exertion  require  more 
food  than  those  engaged  in  the  lighter  occupations.  This  has  been  brought 
out  chiefly  in  connection  with  prisons  and  reformatories,  much  larger  diet 
being  required  when  active  work  is  performed. 

An  ordinary  diet  of  solid  food  should  contain  proteid  120  to  130  grams, 
fats  80  to  90  grams  and  carbohydrates  350  to  450  grams,  and  salts  30 grams, 
representing  a total  of  from  580  to  700  or  a little  over  20  to  25  ozs.  of  solid 
food.  In  addition  to  this  about  20  to  25  ozs.  of  water  is  necessary  in  con- 
nection with  the  food  for  cooking  purposes,  as  ordinary  food  contains  about 
one-half  of  its  weight  fluid  and  from  70  to  80  ozs.  of  water  in  addition  as  a 
special  food  element.  According  to  the  scientific  estimate,  a soldier  is  furn- 
ished daily  18  ozs.  of  bread,  20  ozs.  of  meat  and  16  ozs.  of  vegetables  in  ad- 
dition to  70  ozs  of  water,  and  some  coffee  as  a stimtilaht.1  The  analysis  of 
the  composition  of  various  food  stuffs  indicates  that  bread,  oat  meal,  peas, 
cheese,  beef,  including  mutton  and  veal,  fish  and  eggs  are  rich  in  proteid. 
Rice,  arrowroot,  potatoes  are  rich  in  carbohydrates.  Butter,  cheese  and 
pork  are  rich  in  fats,  these  being  arranged  so  far  as  the  composition  is  con- 
cerned so  that  deficiency  in  one  can  be  made  up  by  others.  There  are  said 
to  be  two  methods  of  selecting  a proper  fpod  diet.  1st.  To  find  out  the 
per  centage  composition  of  the  articles  made  use  of,  estimating  the  amount 
by  weight  required  to  yield  the  necessary  proximate  principles.  2d.  To 
a selection  of  food  on  the  basis  of  Moleschott’s  estimate  that  19 
grams  of  N and  280  grams  of  C are  necessary  to  supply  the  daily  loss.  In 
this  last  case  it  is  necessary  to  estimate  the  proportion  of  C to  N in  the 
various  articles  of  food.  The  food  is  not  taken  in  the  form  TIT  the  proxi- 
mate principles  but  in  combined  articles  of  diet  like  bread.  In  order  to  es- 
timate the  ideal  diet  it  is  necessary,  therefore,  to  estimate  the 
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proximate  principles  as  found  in  the  various  composite  foods 
In  order  to  have  an  adequate  measure  of  the  vital  necessities  it  is  also  ne- 
cessary to  estimate  the  dynamic  value  of  the  different  foods.  This  can  be 
done  by  th.e  calorimetric  method  in  which  an  estimate  can  be  formed  of  the 
amount  of  heat  generated  from  a given  weight  of  a certain  substance  or 
substances,  taking  into  account  the  fact  that  complete  oxidation  does  not 

take  place  in  the  system  in  connection  with  most  of  the  substances  the 

amount  of  energy  furnished  being  less  than  its  estimated  amount  theoretic- 
ally. Experiments  in  regard  to  the  use  of  certain  diets  have  confirmed 
these  ideas  in  regard  to  the  distribution  of  the  food  elements  and  their 
nutritive  value.  A normal  diet  therefore,  consists  of  the  three  great  food 
elements,  proteid,  tat  and  carbohydrates',  the  last  being  always  in  excess  of 
the  other  two.  The  body  may  be  sustained  on  the  proteids  alone,  but  this 
is  at  the  expense  ot  the  body  mechanism  because  more  labor  is  necessary 
and  the  foods  are  more  costly.  The  fats  and  the  carbohydrates  are  nearer 
akin  to  each  other,  the  fats  being  converted  to  sugar  and  the  carbohvdrates 
furnishing  the  tats  necessary  for  the  body  when  the  fat  is  absent  fro'm  the 
food. 

In  making  an  estimate  of  the  amount  of  food  necessary  in  a normal  diet 
three  additional  circumstances  must  be  taken  account  of/  1st.  Age.  2d. 
Climate.  3d.  The  kind  of  employment.  1st.  Young  persons  and  those 
growing  rapidly  need  more  food  in  proportion  to  their  size  than  adults,  in 
order  to  assist  the  metabolism  of  the  rapid  bodily  growth.  Old  people 
need  less  food  than  middle  aged  and  active  people,  and  females  less  than 
males: 

Children  of  one  year 

Children  of  fourteen  years 

Adult  (man) ■ 

Adult  ( woman ) 

Old  people..... ! " 1 ’ ! . 70  to  0 

Some  think  that  the  size  of  the  body  to  a large  extent  determines  the 
amount  of  food  necessary.  In  general  it  is  said  a small  body  requires  less 
food,  but  this  is  subject  to  the  same  exception  as  in  the  case  of  body  heat, 
namely  : That  the  metabolism  is  really  greater  in  the  smaller  body,  the  sur- 

face being  relatively  larger,  and  therefore  demanding  more  food  for  body 
metabolism.  2d.  Climate.  The  chief  element  in  climate  is  that  of  the 
temperature.  When  the  body  is  exposed  to  a cold  bracing  atmosphere,  the 
body  metabolism  increases  on  account  ot  nervous  stimulation  producing  an 
increased  appetite. 

Greateram  oun  ts  of  food  are  therefore  required  in  cold  climates.  As  the 
metabolism  rvf~fhe  hndy  uses'  np  mnrp  Pin'tinna^nc  mofpTr  ffintjj'i'dl  *u  fat 
elements  is  the  most  suitable.  This  leads  to  the  use^of  large  proportions  of  fattv 
substances  which  by  the  oxidation  process  becomes'couverted  Into  heat.  If  the 
bodily  system”  is  subjected  to  a high  temperature  the  metabolism  is  lessened, 
although  the  results  are  less  noticeable  in  this  direction  than  in  the  case  of  cold, 
chiefly  because  the  temperature  of  the  body  tends  to  maintain  its  normal 
heat  chiefly  by  an  increase  of  the  amount  of  heat  lost.  This  leads  to  the  con- 
clusion that  more  food  is  required  in  the  hot  climate  than  in  a temperate  cli- 
mate, chiefly  fluid  in  character,  in  order  to  compensate  for  the  continuous  loss 
by  perspiration.  Differences  in  climate  to  a large  extent,  however,  are  com- 
pensated for  by  artificial  arrangements,  such  as  clothing,  and  the  supply  of  heat 
by  air  as  in  the  heating  apparatus  of  the  house.  This,  however  does  not 
wholly  compensate  for  the  metabolic  changes  and  hence  in  hot  regions  as  coin- 
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pared  with  the  cold  the  normal  diet  will  be  maintained  about  the  same,  except 
thaQn  the  hotter  regiofls  an  increase  in  the  carbo-hydrates  and  in  the  colder 
regions  ail  increase  in  the  fatty  substances  taken  as  food  is  required.  3d.  The 
work  done  by  different  individuals  is  the  last  element  to  be  considered  in  con- 
nection with  the  determination  of  diet.  The  amount  of  work  modifies  the 
amount  of  food  required  in  the  case  of  those  engaged  in  the  lighter  avocations 
as  compared  with  those  in  active  employments.  One  who  is  engaged  in  hard 
manual  labor  requires  a larger  and  more  varied  supply  than  one  who  is  not 
active  muscularly,  particularly  as  the  amount  expended  in  energy  is  not  taken 
from  the  amount  of  heat  liberated,  the  increased  energy  in  the  work  being 
accompanied  usually  by  an  increase  in  the  heat  set  free.  Muscular  metabolism 
does  not  necessarily  require  an  increase  in  the  proteid  matter.  In  muscular 
labor  the  muscular  condition  and  capacity,  at  least  from  the  standpoint  of 
available  energy,  must  be  considered,  but  the  capacity  for  work  depends  upon 
the  other  organs  of  the  body,  particularly  the  nervous  system,  the  lungs  and 
the  heart,  the  nervous  system  perhaps  more  drawn  upon  for  energy  than  any 
other  part  of  the  body.  Therefore,  whatever  diet  would  be  suitable  for  the 
body  normally  would  also  be  of  the  greatest  advantage  during  muscular  activ- 
ity, provided  the  activity  is  increased  in  such  proportion  as  to  meet  the  general 
drain  upon  the  system.  In  the  case  of  mental  work  this  is  even  more  true  for 
the  expenditure  of  energy  in  this  case  is  minimal  except  in  so  for  as  it  bears 
upon  the  loss  and  the  increased  loss  in  the  entire  system.  The  close  relation 
of  all  parts  of  the  body  is  brought  out  very  clearly  in  the  effect  which  severe 
mental  work  has  as  it  draws  upon  the  metabolism  of  alimentation.  Hence  the 
most  suitable  diet  for  brain  work  is  not  one  that  would  stimulate  or  nourish  the 
brain  because  this  would  result  in  more  or  less  irritation,  but  a diet  that  will 
keep  active  the  juices  of  the  body  in  connection  with  digestion  and  secretion. 
In  making  a selection  of  food  we  must  consider  first  the  amount  of  energy  that 
may  be  yielded  by  the  materials.  This  represents  certain  proteids,  fats  and 
carbo-hydrate  substances.  2d.  This  energv  must  be  present  in  such  form  as 
to  be  rendered  easily  available,  in  other  words  the  food  must  be  digestible  and 
this  digestive  process  must  be  such  as  not  to  interfere  with  metabolism  of  the 
system.  But  a substance  really  valuable  for  nutrition  is  one  that  can  be  easily 
assimilated  to  the  system.  Various  experiments  have  been  made  in  order  to 
discover  what  per  centage  of  the  food  used  remains  undigested  and  hence  un- 
appropriated by  the  system.  This  percentage,  of  course,  depends  upon  the 
manner  of  cooking,  on  the  individual  capacity  and  to  a certain  extent  upon  the 
nature  of  the  meal  of  which  it  forms  a part.  For  example,  in  rice  and 
white  bread  it  is  estimated  that  4 per  cent,  in  meat  and  eggs,  5 per  cent-  in 
Indian  bread  or  corn,  7 per  cent;  in  milk  and  peas,  9 per  cent;  in  potatoes 
1 1 per  cent;  in  black  bread  15  per  cent  remains  undigested.  This  would  rep- 
resent the  amount  of  these  foods  unnutritious  and  disadvantageous  to  digestion. 

In  addition  to  this  the  process  of  digestion  may  vary  in  the  case  of  differ- 
ent tood  stuffs.  1 he  same  substances  found  in  the  different  articles  of  food 
may  even  in  the  alimentary  canal  pass  through  changes  that  are  quite  different, 
r roteid  matter  may  be  broken  up  into  leucin  or  changed  into  peptone  ; hence 
digestibility  of  food  means  not  only  the  amount  relatively  taken  up  in  the  ali- 
mentary process,  but  the  nature  of  the  changes  that  take  place  during  the  ali- 
mentary process.  Hence  the  chemical  composition  of  food  does  not  furnish  an 
answer  to  the  physiological  question  of  its  value  or  the  value  of  its  component 
elements.  Food  substance  may  be  either  animal  or  vegetable.  The  proteids 
rom  the  animal  and  vegetable  source  seem  to  pass  through  the  same  or  almost 
the  same  changes  in  the  alimentary  process.  The  same  may  be  said  of  the 
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fats  and  extractives.  Hence,  from  a physiological  standpoint  all  that  can  be 
said  as  to  the  relative  merits  of  vegetarian  and  animal  diet  bears  upon  the  ques- 
tion of  the  quantity  of  the  proximate  principles  and  the  proper  proportion  of 
these  principles  in  animal  and  vegetable  diet.  Various  experiments  have  been 
made  in  the  use  of  a strictly  vegetarian  diet.  As  a result  itjs  found  first,  that 
a much  larger  vegetarian  diet  is  necessary  to  yield  the  same  amount  of  proteid 
referred  to  asi  a normal  diet,  namely.  120  to  130  grams.  However,  it  has  not 
yet  been  definitely  settled  how  much  proteid  matter  is  absolutely  necessary  in 
order  to  sustain  life.  2d.  In  vegetarian  diet' there  is  a marked  increase  of  the 
carbohydrates  and  a diminution  of  the  amount  of  fats.  This  seems  to  be  a dis- 
advantage to  the  system,  kept  up  continuously  for  a length  of  time.  3d.  In 
the  vegetarian  diet  a large  proportion  of  the  food  is  indigestible  and  hence  is 
lost  to  the  system,  being  given  off  as  waste  matter.  The  waste,  therefore,  is 
more  in  amount  in  the  vegetarian  diet  than  in  the  animal ' dief.  As  excretion 
is  one  of  the  active  functions  of  the  body  a certain  amount  of  excretion 
is  necessary  in  order  to  sustain  the  normal  function  and  assist  in  metabolic 
changes.  This  does  not  seem  to  he  compensated,  for  however  in  the  case  of 
vegetarian  diet  since  a larger  demand  is  made  upon  the  alimentary  system  in 
the  form  of  labor  and  the  increased  volume  of  diet  passed  through  the  system 
lays  the  system  open  to  more  foreign  substances  which  may  materially  affect 
its  vitality.  For  these  reasons  vegetarian  diet  would  seem  to  be  less  satisfac- 
tory thau  the  mixed  dieting  that  includes  animal  food. 

In  the  case  of  the  human  subject  there  is  not  needed  any  special  dieting. 
for  the  plumose  of  increasing  the  amount  of  adipose  tissue.  The  nature  of  the 
food  has  less  effect  in  tins  case  than  the  general  characteristic  of  the  individual 
animal  organism.  The  same  dieting  in  the  case  of  two  persons  may  produce 
opposite  results  ; one  person  becomes  fat  and  the  other  lean.  The  chief  fat 
producer  is  the  carbohydrate.  In  the  case  of  animals  fattened  for  butchering, 
this  is  done  by  converting  cheap  vegetable  carbohydrate  into  animal  lat.  This 
process  is  aided  by  resting  the  system  so  as  not  to  exhaust  the  energy  of  the 
system  unless  to  the  extent  necessary  for  the  metabolism  of  the  body.  Anti- 
fat treatments  are  more  important  physiologically.  This  may  be  accomplished 
by  increasing  normal  dieting  the  amount  of  proteid  and  lessening  the  fats 
and  carbohydrates.  The  reason  of  this  is  found  in  the  fact  that  proteid  matter 
increases  the  body  metabolism,  more  rapidly  destroying  the  proteid  matter  and 
hastening  the  oxidation  process.  The  Banting  plan  is  to  increase  the  proteid 
diet  to  such  an  extent  as  to  exclude  all  or  almost  all  fat  and  carbohydrate  sub- 
stances. 

This  is,  however,  unsatisfactory  and  even  perilous  to  the  functional  life 
because  it  requires  such  an  increased  activity  on  the  part  of  the  organism  to 
decompose  and  get  rid  of  excessive  proteid  that  there  is  danger  of  collapse.  To 
diminish  the  fats  and  carbohydrates  at  the  same  time  to  increase  the  amount 
of  proteid  together  with  an  increase  in  the  bodily  exertion,  so  as  to  set  up  and 
continue  freely  the  metabolic  processes  is  the  most  satisfactory  method.  Daily 
exercise  even  to  the  extent  of  fatigue  aided  by  Osteopathic  treatment,  to  aid 
digestion  and  promote  the  metabolic  processes,  will  materially  help  this  by  pro- 
ducing a very  large  metabolism.  In  body  metabolism  a number  of  condition- 
ing circumstances  require  to  be  considered-  Muschlar  effort  increases  food  con- 
sumption, but  it  is  a matter  of  dispute  what  food  element  is  affected.  It  has 
been  pretty  generally  agreed  that  muscular  activity  draws  not  only  upon  the 
proteid  matter,  but  in  some  cases  almost  entirely  upon  the  uon-proteid  sub- 
stances. If  the  supply  of  food  is  abundant,  particularly  of  non-proteid,  that  is 
the  fats  and  carbo  hydrates,  there  will  be  no  increase,  or  at  least,  only  a very 
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small  increase  in  the  proteid  metabolism,  during  active  muscular  effort.  In  the 
case  of  CO-2  it  is  found  that  a much  larger  amount  is  given  off  during  muscular 
activity  than  during  comparative  rest.  If,  it  is  true  that  there  is  an  increase  in 
the  amount  of  nitrogenous  matter  excreted  and  a very  large  increase  in  the 
C02  discharged  from  the  body,  then  the  energy  of  muscular  activity  must  arise 
from  non-proteid  matter.  The  muscle  itself  is  a proteid  substance  but  the 
changes  taking  place  in  liberating  the  energy  are  largely,  if  not  wholly,  con- 
fined to  non-proteid  matter.  In  muscular  activity  there  is  a large  consumption 
oLgly  cogen,  or  of  the  saccharine,  derived  from  it.  It  has  been  shown  that  a 
muscle  subject  to  fatiguing  labor  demands  much  more  sugar,  the  power  to  do 
severe  muscular  work  being  increased  by  the  consumption  of  large  quantities  of 
sugar  until  the  non-proteid  elements  are  exhausted,  when  the  demands  upon 
proteid  matter  increase.  During  sleep  when  the  muscles  are  much  less  active 
or  -estiug,  having  lost  to  a certain  extent,  their  normal  muscular  tonicity,  the 
CO2  discharged  and  the  O absorbed,  are  very  much  lessened,  while  there  is  no 
marked  change  in  the  metabolism  of  proteid  matter.  In  the  case  of  animals 
deprived  of  food,  the  metabolism  depends  upon  what  is  found  in  the  body,  con- 
sisting of  stored  up  fats  and  carbo-hydrates,  especially  the  sugar.  The  sugar 
is^ first  exhausted,  and  later  the  animal  lives  upon  its  own  fat  and  proteid.  It 
is  found  that  in  an  animal  feeding  upon  its  owu  substance,  the  greatest  loss  is 
in  the  muscles,  whereas,  the  largest  consumption  is  in  the  fat,  whicTrTTfoffiid  to 
be  almost  entirely  gone  after  deatH  from  starvation.  It  has  been  found  on 
examination  of  animals  that  died  from  starvation,  that  almost  no  appreciable 
loss  had  taken  place  of  the  heart,  the  brain  and  the  spinal  cord,  although  these 
organs  were  constantly  active  during  life.  They  sustain  their  life,  however, 
at  the  expense  of  the  other  tissue  substances.  In  the  case  of  energy  assuming 
the  forms  of  heat  and  work  done,  the  supply  is  derived  from  metabolism  of  pro- 
teid, fats,  and  carbo-hydrates  which  become  oxydized  under  the  influence  of 
O,  C02  and  H,  O,  being  formed  and  excreted  from  the  body.  Thusjthe  energy 
derived  from  the  food  is  determined  by  comparing  the  food  taken  into  the  body 
with  the  excretions  from  the  body.  The  process  of  oxidation  is  a complex  one, 
involving  the  liberation  of  energy  together  with  the  formation  of  urea,  CO-,  qnd 
By  the  combustion  of  the  different  elements  of  the  food  substance,  a 
ratio  is  formed  representing  the  interchange  taking  place  in  the  liberation  of 
energy  called  the  isodynamie  equivalent.  This  ratio  between  fats  and  carbo- 
ln  rates  is  put  at  1 to  2.3.  The  object  of  the  food  supply  is  to  furnish  to  the 
body  sufficient  proteid  and  non-proteid  matter  together  with  salts  aud  water  to 
sustain  the  body  balance  between  proteid  and  non-proteid  matter J&- 
. the  esse  of  man  it  is  doubtful  if  this  body  equilibrium  can  be  main- 
tained by  the  use  of  proteids  alone  so  that  an  average  diet  for  the  human  being 
must  be  composed  of.,  proieids,  fats  and  carbo-hydrates.  The  normal  ratio 
between  proteids  and  non  proteicfs  necessary  for  daily  diet  is  placed  at  1 to  5 in 
the  solid  material  apart  from  the  necessary  quantity  of  water  found  in  connec- 
tion with  the  substances  used  and  the  quantity  of  water  necessary  for  the  body. 
In  order  to  secure  a proper  diet  we  must  consider  the  proportion  of  those  sub- 
stanceMn  the  different  articles  of  diet,  pre-supposing  that  these  substan.es  are 
digestible  and  that  account  must  be  taken  of  digestibility  from  the  standpoint 
o the  individual  organism.  In  the  case  of  a healthy  person  normally  active 
experience  aided  by  appetite  may  be  taken  as  a safe  guide.  In  abnormal  coin 
ditions  the  regulation  of  diet  depends  upon  Physiological  and  Pathological 
conditions  In  milk  of  an  ordinary  kind  we  find  about  87  per  cent  water,  1.4 
per  cent  of  proteid,  4 per  cent  fat,  5 percent  sugar  and  a small  per  cent  of 
sa  , .7,  including  potassium  phosphate  and  calcium  phosphate  with  a small 
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amount  of  chloride  of  potassium,  sodium  chloride  aud  iron.  Milk  is  a good 
diet  for  growing  persons  but  is  uot  sufficient  for  adults,  because  the  balance  of 
the  nitrogenous  elements  cannot  be  sustained  on  such  a pure  diet.  Cream 
butter  yields  about  87  per  cent  of  fat,  8 to  9 per  cent  of  water  and  .75  or 
per  cent  of  albuminous  substances.  When  combined  with  foods  that  yield 
proteids  and  carbo  hydrates  it  is  very  valuable  as  a diet.  Butter  milk  is 
milk  deprived  of  its  fats,  but  contains  sugar,  casein  and  salts.  Cheese  contains 
fat  and  casein,  from  io  to  20  per  cent  of  the  former  and  25  to  30  per  cent  of 
proteid.  It  is  valuable  as  an  addition  to  other  foods  poor  in  proteids  and  fats. 
Animal  meat  of  average  leanness  contains  about  75  per  cent  of  water  (fowl 
about  70  percent  and  pork  72  percent);  of  proteid  20  per  cent  (fowl  22  per 
cent  and  pork  19  per  cent);  of  fat  5 per  cent  (fowl  4 per  cent  and  pork  6 per 
cent;  ofcarbohydrate  .7  per  cent  (fowl  1.3  per  cent  and  pork  6 per  cent.)  The 
flesh  or7owls~ahffibirds  is  richest  in  proteid.  Raw  flesh  finely  grated  is  almost 
wholly  digested  but  its  value  for  nutrition  may  be  counteracted  by  the  intro- 
duction into  the  body  of  foreign  living  bodies  endangering  life  as  in  the  case  of 
trichinosis.  Meat  may  be  prepared  in  various  ways  by  roasting,  'stewing  and 
boiling.  Meat  should  be  cooked  to  a temperature  within  the  meat  itself  rang- 
ing from  56°  to  70°  C.  Salted  meat  loses  a small  per  centage  of  proteid,  of 
the  extractives  and  of  phosphoric  acid  passing  into  the  salt  brine.  The  amount 
lost,  however  is  small  unless  where  the  meat  is  kept  in  brine  for  a long  time 
when  tbe  potassium  salts  are  lost  to  a large  extent.  The  flesh  of  young  ani- 
mals is  richer  in  gelatin,  the  variation  bein^  according  to  Liebig  in  veal  50 
parts  in  a thousand  and  in  beef  6 in  a thousand.  Meat  roasted  openly  before  a 
fire  develops  a layer  on  the  surface  keeping  the  juices  inside.  In  the  process  of 
roasting,  about  25  per  cent  of  the  weight  is  lost.  If  meat  is  placed  in  cold 
water  there  will  be  dissolved  out  of  it  a small  per  cent  of  proteid  and  extractives 
and  most  of  the  saline  matter.  If  beef  is  boiled  then  the  salt  and  the  extract- 
ives with  gelatine  are  found  in  the  fusion.  Even  after  long  boiling  there 
remains  in  the  meat  about  20  per  cent  of  the  salts  and  about  15  percent  of  pro- 
teid. To  prepare  what  is  called  beef  tea,  the  meat  should  be  placed  in  cold 
water  and  gradually  boiled.  By  placing  the  meat  suddenly  in  hot  water  there 
is  a coagulated  layer  formed  around  the  meat,  thus  preventing  the  juice  from 
being  dissolved  out  of  the  meat.  Beef  tea  is  nutritious  because  it  contains 
salts,  gelatin  extractives  and  a small  quantity  of  proteid.  Its  chief  value  is 
that  of  stimulation  due  to  the  extractives;  its  nourishing  quality  being  found 
in  the  gelatin,  fat  and  albumin. 

In  Liebig’s  meat  extract  there  is  about  20  per  cent  of  water  and  80  per 
cent  of  solids,  its  action  being  rather  stimulating  than  nourishing,  due  to  the 
presence  of  phosphate  of  potassium.  Eggs  are  found  to  contain  much  nutri- 
tious matter,  about  27  per  cent  of  solufand  7j,~pTer  cent  of  fluid.  The  chief 
constituent  of  tfie'solids  are  albumin,  yitellin  to  the  extent  of  3 per  cent  and 
palmitin,  olein,  cholesterin  and  lecithin  about  1 1 per  cent  together  with,  about 
1 per  cent  of  the  salts  of  potassium  and  choloride  and  a very  small  proportion 
of  iron  and  sugar.  As  found  in  the  egg  these  substances  are  very  easily  di- 
gested. When  hard  boiled  they  should  be  boiled  for  at  least  20  minutes 
slowly.  They  should  be  finely  grated  so  as  to  come  readily  into  contact  with 
the  gastric  juice.  They  are  more  easily  digested  if  soft  boiled,  poached  or 
raw.  Vegetable  feeds  are  less  easi’y  subjected  to  the  digestive  juices  on  ac- 
count of  fact  that  the  nutritious  elements  are  bound  up  with  cellulose  and 
combined  with  large  quantities  of  indigestible  matters.  The  proteid  iu  vege- 
tables does  not  differ  much  from  animal  proteid.  The  salts,  however,  are  dif- 
ferent, being  chiefly  those  of  potassium  and  magnesia  phosphates.  When  the 
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cereals  are  broken  so  as  to  divide  the  cellulose  it  is  found  that  the  flour  con- 
tains about  12  or  13  percent  of  albumin,  65  to  67  per  cent  of  carbohydrates, 
the  bran  being  very  indigestible  on  account  of  the  large  per  cent  of  fibrous 
substance,  30  per  cent.  The  flour  when  made  into  bread,  in  the  case  of  white 
bread,  contains  35  per  cent  water,  7.1  per  cent  of  albumin,  1 per  cent  of  fat  and 
55  5 Per  cent  °f  carbohydrates  and  1 per  cent  of  salts.  Indian  corn  bread  is 
rich  in  carbohydrates  and  poor  in  albumin.  Barley  and  oat  meal  flour  are  nu- 
tritious on  account  of  the  combination  of  albumin  and  carbohydrate.  Bread 
consists  of  a mixture  of  flour  with  water  under  the  influence  of  a ferment.  By 
fermentation  the  starch  is  converted  into  dextrin,  CO2  and  alcohol;  by  the  for- 
mation of  gas  the  bread  becomes  looser  and  lighter  in  formation.  When  the 
bread  is  baked  in  a high  temperature  fermentation  is  arrested  and  the  bread  be 
comes  very  digestible.  Each  adult  requires  about  1 y2  kilog.  of  bread  to  fur- 
nish the  necessary  proteid  matter.  Among  the  leguminous  plants  and  vege- 
tables, peas  and  beans  are  said  to  contain  over  23  per  cent  of  albumin,  50  per 
of  carbohydrates,  iV^'per  cent  of  fats,  while  potatoes  contain  75  per  cent  of 
water,  only  2 per  cent  of  albumin  and  20  per  cent  of  carbohydrates.  Rice  and 
potatoes  being  very  deficient  in  proteid,  large  quantities  are  required  to  be 
taken  to  be  of  much  value  in  nutrition,  2 kilog.  of  rice  and  kilog.  of  pota- 
toes, as  the  proportion  of  carbohydrates  is  large,  the  excessive  use  of  these  is 
liable  to  produce  acid  ferments  that  interfere  more  or  less  with  digestion. 
Along  with  this  when  used  in  moderation  there  should  be  used  some  foods  rich 
in  albumin  such  as  fish  and  eggs.  The  vegetables,  cabbage,  cauliflowers  and 
turnips  are  rich  in  the  potassium  salts,  although  not  very  nutritious  as  foods 
and  hence  form  a good  combination  with  corned  meats  which  are  deficient  in 
potassium  and  rich  in  the  sodium  salts.  These  elementary  foods  are  not  suit- 
able for  use  in  their  raw  condition,  hence,  cooking  is  required  in  order  to  make 
them  easily  digestible,  and  to  give  to  them  a flavor.  In  cooking  food,  water, 
condiments  and  heat  are  the  three  necessary  adjuncts  in  the  preparation  of 
food  for  coming  into  close  contact  with  the  bodily  juices  and  assimlation  into 
the  svstem. 


Food,  we  have  seen,  includes  all  that  is  necessary  for  the  sustenance  of  the 
body.  All  foods  originally  spring  from  the  earth,  so  that  while  we  distinguish 
between  an  animal  and  a vegetable  diet,  the  source  of  food  depends  upon  the 
same  origin.  In  the  passage  from  the  inorganic  to  the  organic,  w'e  find  the 
process  of  preparation  going  on  which  ultimately  brings  the  food  nearest  to  the 
human  system.  This  change  takes  place  primarily  in  the  vegetable  kingdom. 
All  the  vegetables  are  not  suitable  for  food  and  many  of  them  are  poisonous. 
Even  in  the  same  plant  all  the  different  parts  are  not  equally  useful,  hence  man 
requires  a knowledge  of  these  plants,  their  properties  and  their  adaptability  for 
human  use.  Some  portions  of  the  vegetable  kingdom  unsuitable  for  man’s 
use  are  well  adapted  for  the  food  of  animals,  and  thus  in  the  economy  of  nature, 
the  lower  serves  the  higher  nature  providing  a sufficient  amount  and  variety 
for  all.  The  bee  gathers  the  honey  from  sources  inaccessible  to  man,  and  the 
cattle  feed  upon  rough  materials  unfitted  for  human  use,  converting  the  food 
into  tissuse,  food  easily  capable  of  assimilation  to  the  human  system.  In  this 
way  the  inorganic  becomes  adapted  to  man’s  necessities.  The  animals  could 
not  live  without  vegetables,  each  being  indispensible  to  the  life  of  the  other. 
The  vegetable  is  nourished  upon  the  soil  and  the  air,  carbon  being  extracted 
out  of  the  air  and  stored  up  in  its  substance  so  that  it  becomes  the  animal  food. 
In  the  same  way  the  vegetable  lives  and  grows  upon  the  waste  of  the  animal 
kingdom,  the  decomposition  of  animal  bones,  the  C02  exhaled  from  the  animal 
breath  furnishing  the  food  matter1  of  the  vegetable  life.  The  food  substances 
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are  either  inorganic  or  organic,  the  former  representing  substances  from  the 
mineral  kingdom,  such  as  salts,  and  the  latter  representing  the  food  derived  from 
vegetables  and  animals.  Nature  thus  provides  for  man  a sufficient  diet,  suf- 
ficient both  in  quantity  and  variety,  and  if  man  fails  to  utilize  the  food  thus 
furnished  for  his  use  he  neglects  the  first  law  of  existence,  self  preservation. 
Thejivgienic  conflict  betweeu  vegetable  and  anti-vegetable  food  is  as  foolbh  as 
it  is  useless,  because  nature  designed  both  vegetable  and  animal  food  for  man's 
use.  Proper  hygiene  lays  down  the  following  rules: 

1st.  That  an  attempt  to  sustain  life  upon  any  one  substance  to  the  ex- 
clusion of  others  results  in  failure  because  the  body  is  imperfectly  nourished 
and  life  is  thereby  shortened.  Dogs  have  been  fed  exclusively  on  "a  single  food" 
and  have  soon  died  of  starvation.  A donkey  fed  on  rice  alone  died  in  14  days. 
Dr.  Hammond  fed  himself  on  1 ^ lbs.  of  gum  and  on  another  occasion  on  1 y2 
lbs.  of  starch  with  water  daily  with  the  result  that  the  fever  increased  to  such 
an  extent  that  in  a few  days  he  had  to  abandon  this  diet,  hater  he  fed  him- 
self on  1 >4  lbs.  of  albumin  and  found  that  diarrhoeic  conditions  and  the  amount 
of  albumin  in  the  urine  became  so  dangerous  that  he  had  to  give  it  up  on  the 
ninth  day. 

2d.  The  absence  of  necessary  elements  of  diet  results  in  diseased  condi- 
tions. It  has  been  found  that  where  persons  have  been  deprived  of  vegetables 
for  a long  time,  skin  diseases  like  scurvy  become  prevalent.  Where  the  food  is 
poor  it  has  a depressing  effect  rendering  persons  liable  to  all  kinds  of  diseases. 
There  is  no  condition  that  favors  the  spread  of  a plague  so  efficiently  as  a poor 
and  unvaried  diet.  This  is  evident  from  the  accounts  we  have  of  the  poor  and 
their  scanty  food  during  the  great  European  plagues. 

3d.  A diet  to  be  healthy  ought  to  be  varied.  The  same  diet  from  day  to 
day  becomes,  not  only  monotonous  to  the  sense  of  taste,  but  develops  un- 
healthful conditions.  While  we  do  not  think  that  a diet  should  be  purelj7’ vege- 
tarian no  diet  should  be  without  vegetables.  Variety  ma5j-  be  secured  not  only 
by  the  use  of  various  foods  but  also  by  variety  in  cooking.  The  constitution 
is  often  undermined  by  the  lack  of  variety. 

Dr.  Stark,  one  of  the  most  promising  of  English  Physiologists  in  the  iSth 
century,  became  a victim  in  this  way  to  experiments  upon  himself.  For  44 
days  he  lived  on  bread  and  water;  for  29  days  he  took  only  bread,  sugar  and 
water,  and  for  24  days  he  lived  on  bread,  olive  oil  and  water,  the  result  being 
that  he  died  on  account  of  the  damage  done  to  his  constitution  by  limiting  his 
diet  to  these  simple  foods.  A sufficient  variety  in  food  and  a sufficient  quan- 
tity of  food  thus  represent  the  two  great  essentials  of  a healthy  diet.  For  an 
average  adult  there  should  be  from  88  to  112  ozs.  of  food  and  water  distributed 
as  follows: 

From  48  to  56  ozs.  of  water  and  salts;  from  24  to  40  ozs.  of  bread,  veget- 
ables and  fruits,  and  about  16  ozs.  of  meat  and  fats.  This  would  represent  a 
daily  allowance  of  about  1-24  part  of  the  body  weight  in  the  form  of  food.  In 
regard  to  the  variation  of  animal  and  vegetable  food,  Carpenter  reaches  this 
conclusion:  that  while  “a  well  selected  vegetable  diet  is  capable  of  producing  in 
the  greatest  number  of  individuals  the  highest  physical  development  of  which 
they  are  capable  it  may  be  affirmed  with  equal  certainty  that  the  substitution 
of  a moderate  proportion  of  animal  flesh  is  in  no  way  injurious,  but  so  far  as 
our  evidence  at  present  extends,  this  seems  rather  to  favor  the  highest  mental 
development.” 

If  we  consider  the  predominence  of  mind  over  matter  this  conclusion  will 
represent  a moderate  principle  in  the  nourishment  of  both  mind  and  body. 
Dr.  Richardson,  of  London,  says  that  animal  food  should  not  be  taken  oftener 
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than  twice  daily  and  the  amount  of  animal  and  vegetable  food  combined  should 
not  exceed  30  ounces  daily.  Animal  food  when  eaten  ought  to  be  fresh  and 
not  under-cooked.  There  is  no  more  fruitful  source  of  disease  parasites  than 
meat  underdone.  This  is  especially  true  of  pork,  the  muscles  of  which  are  in- 
fested with  trichina  spiralis. 

Hunger  and  thirst.  Hunger  is  a sensation  that  is  usually  referred  par- 
ticularly to  the  stomach.  Physiologically,  however,  it  is  due  rather  to  a gen- 
era] want  of  the  whole  system.  It  is  usually  referred  to  the  stomach  because 
by  supplying  the  stomach  with  food  there  is  a feeling  of  relief.  It  would 
seem  to  depend  upon  the  stimulation  of  the  pneumogastrics  in  connection  with 
the  stomach  and  perhaps  the  alimentary  canal  or  the  intestines.  The  introduc- 
tion of  nutriment  directly  into  the  intestines  or  of  concentrated  food  substances 
that  do  not  cause  a distention  of  the  stomach  or  only  a slight  distention  will 
satisfy  hunger.  This  would  indicate  that  hunger  arises  not  from  the  stomach 
alone,  but  also  from  the  other  organs  and  tissues  which  demand  nutrition.  It 
is  intimately  connected  also  with  the  central  nervous  system.  The  division  of 
the  pneumogastrics  does  not  produce  any  change  in  the  feeling  of  hunger  by 
way  of  relief.  The  use  of  stimulants  like  tobacco  or  alcohol  lessens  or  at  least 
puts  off  for  a time  its  activity,  possibly  on  account  of  stimulation  imparted  to 
the  nerves  of  the  stomach  through  the  centers  of  the  brain.  The  same  effect 
may  be  produced  by  mental  acts  and  states.  In  its  origin  hunger  represents  an 
appetite  for  food  which  is  not  painful.  If  continued,  however,  it  becomes  pain- 
ful. Hunger  is  thus  one  of  the  forces  of  nature  which  tend  to  the  preservation 
of  the  body  life  and  indicate  the  necessity  for  diet. 

Thirst  is  referred  usually  to  the  palate  and  pharynx  representing  a local 
condition  of  the  mucous  of  the  posterior  portion  of  the  pharynx.  The  section 
of  the  nerves  which  supply  the  pharynx,  the  pneumogastric,  the  glosso  pha- 
ryngeal and  the  trigeminal  does  not  diminish  thirst.  This  condition  of  thirst 
may  originate  in  the  lessening  of  the  quantity  of  water  in  the  blood  or  from 
the  stoppage  of  certain  secretions  under  the  influence  of  certain  chemicals,  for 
example,  belladonna.  It  is  due  to  the  general  want  of  the  tissues  and  can  be 
relieved  by  the  introduction  of  water  into  the  blood  vessels  or  into  the  aliment- 
ary system  or  by  the  submersion  of  the  body  in  water.  For  how  long  a time 
an  individual  can  live  without  food  or  drink  is  not  known.  This  will  depend 
upon  a variety  ’of  circumstances  including  bodily  condition  and  the  amount  of 
waste  in  the  bodily  substance,  together  with  the  age,  condition  of  life  and  the 
surroundings  of  the  body,  Normally  entire  abstinence  cannot  be  sustained 
longer  than  8 or  10  days.  This  may  be  extended  if  water  alone  is  supplied, 
although  in  extraordinary  circumstances  this  period  has  been  prolonged  for  40 
and  even  50  days.  The  entire  deprivation  of  food  usually  results  in  death  after 
20  days.  Children  and  those  rapidly  growing  succumb  sooner  than  adult  per- 
sons. With  a supply  of  water  life  may  be  prolonged  with  a small  quantity  of 
food  or  ever  with  no  food  at  all,  an  animal  surviving  longer  upon  water  than 
upon  any  of  the  other  proximate  principles.  The  entire  deprivation  of  water 
usually  results  in  death  in  from  6 to  10  days.  Indians  under  the  influence  of 
drugs  have  been  known  to  remain  in  a trance  condition  for  many  weeks.  In 
cases  where  abstinence  is  prolonged  the  individuals  become  habituated  to  this 
condition,  being  almost  like  the  hybernating  animals.  The  cold  blooded  animals 
like  the  frog,  have  been  known  to  live  from  8 to  9 months  without  food.  Dogs 
have  been  found  to  live  a long  time  upon  water  alone,  cases  being  on  recofd  in 
which  dogs  have  lived  for  four  weeks  without  either  food  or  drink.  In  some 
cases  there  is  an  excessive  appetite,  this  condition  being  termed  bulimia.  It 
is  peculiarly  characteristic  of  certain  diseased  conditions,  such  as  diabetes  and 
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in  certain  stages  of  fevers,  especially  during  the  convalescent  period  The 
minimum  ot  food  necessary  to  sustain  life,  cannot  be  stated  because  this  defends 
very  largely  upon  the  individual  characteristics  and  upon  the  activity  of  life 
Jyven  the  activity  of  life  does  not  depend  upon  the  amount  of  food,  as  individ- 
uals have  often  lived  actively  upon  a very  small  proportion  of  food.  It  is  gen- 
erally stated  that  most  persons  take  food  in  excess,  this  being  one  of  the  com- 
mon causes  of  gastric  derangements  and  dyspeptic  conditions.  Hence  the 
advice  of  hygiene  is  to  modify  and  regulate  the  diet  in  its  quantity  as  well  as 
in  the  proper  selection  of  food.  During  the  starvation  of  the  animal  there  is  a 
constant  body  loss  due  to  the  using  up  of  the  tissues. 

When  the  body  ceases  to  receive  nutriment  it  lives  upon  its  own  substance 
the  active  organs  losing  rapidly.  The  fat  stored  up  in  the  body  is  first 

exhausted,  next  the  blood,  its  albumin  being  used  up  in  the  tissues.  This  is 

followed  by  diminution  in  the  secretions,  the  urine  becoming  acid  and  the 
blood  watery.  The  oxidations  become  less  vigorous  and  the  amount  of  CO» 
given  off  is  diminished.  The  tissues  then  lose  their  power,  become  weaker  in 
action,  the  central  nervous  system  being  the  last  to  yield  to  the  general  disolu- 
tion.  . W hat  is  the  effect  of  a modified  diet?  Deprivation  of  water  arrests  the 
secretion  and  especially  the  activity  of  the  kidneys  resulting  in  death  very 
soon  Hence  water  must  be  taken  in  sufficient  quantities  The  same  is  true  of 
salts.  If  albuminous  matter  is  cut  off  from  the  food  supply  there  is  a great 
diminution  in  the  excretion  of  urea.  This  becomes  more  marked  if  the  food  is 
rich  in  carbo-hydrates.  In  this  case  the  body  metabolism,  especially  of  the 
albuminous  tissue  is  lessened  in  activity,  less  urea  being  excreted  than  if  no 
food  is  taken  at  all.  The  carbohydrates  in  this  case  use  the  O supply  of  the 
body  in  the  oxidation  process,  leaving  but  little  of  the  O for  the  albuminous 
matter.  If  the  carbohydrates  are  cut  off  and  only  proteids  are  given  with 
plenty  of  water  life  may  be  sustained  for  a considerable  period.  If  fat  is  given 
along  with  the  albumin  there  are  different  results.  If  a small  quantity  o?  fat 
is  given  with  a large  quantity  of  albumin  most  of  the  albumin  is  lost  in  body 
metabolism.  If  a large  quantity  of  fat  is  given  and  a large  quantity  of  albu- 
min, considerable  albumin  and  fat  are  stored  in  the  body.  These  facts  indicate 
that  a mixed  diet  is  the  preferable  one.  being  mors  suitable  to  the  bodily  sys- 
tem, the  proper  combination  of  the  different  foods  yielding  most  satisfactory 
results. 


SECTION  III.  Fermentation. 

Digestion  consists  largely  of  chemical  changes  taking  place  in  the  food  in 
its  passage  along  the  alimentary  canal.  These  changes  are  peculiar  on  account 
of  the  fact  that  they  are  accomplished  by  ferments  to  which  the  name  of 
enzymes  is  given;  the  action  of  these  being  different  from  other  bodies  of  asimi- 
lar  kind.  Many  changes  during  the  digestive  process  are  simply  fermentations. 
Besides  the  existence,  development  and  reproduction  of  ferments,  are  intimately 
associated  with  certain  diseased  conditions.  ' In  the  fermentation  of  fluid  it 
becomes  either  clear  or  more  muddy,  throwing  off  gas  and  seething  with  the 
froth,  these  representing  physical  changes.  Associated  with  these  physical 
changes  there  are  certain  chemical  changes  represented  by  the  alcoholic  and 
other  substances  such  as  CO2  found  in  connection  with  the  fluid  and  given  off 
from  it.  There  is  also  a deposit  at  the  bottom  consisting  of  small  organisms  of 
a minute  character,  consisting  of  unicellar  bodies  representing  the  biological 
change.  These  processes,  including  the  physical,  chemical  and  biological,  were 
all  associated  together  as  phenomena  in  connection  with  the  ferment  which  is 
so  called,  from  the  fact  that  the  surface  presents  the  frothing  appearance. 
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These  processes  must  have  been  known  from  very  early  times.  The 
first  fact  noticed  was  the  frothing  or  the  physical  change.  In  early  cen- 
turies alcohol,  when  formed  by  fermentation,  was  separated  from  the  water 
by  alchemy.  Helmont  first  suggested  that  the  gas  thrown  off  was  the  same 
as  we  find  in  connection  with  oxidation  processes,  namely,  C02  . It  was 
then  found  that  by  the  dissolution  of  the  sugar,  CO?  and  alcohol  were  pro- 
duced. Difference  of  opinion  existed  as  to  the  substances  formed  from  the 
fermentation  of  sugar,  Pasteur  being  the  first  to  differentiate  the  chemical 
substances  in  connection  with  sugar  includiug  alcohol,  CO2  succinic  _acid 

and  dvcerine.  It  was  early  discovered  that  pure  grape  juice  if  boiled  and 
kept TreeTr om  air  did  not  ferment,  the  unpurified  and  unboiled  solution  fer- 
menting. It  was  not  until  comparatively  recent  times  that  fermentation 
was  found  to  be  due  to  certain  vegetable  cells  which  are  found  to  grow  and 
increase  rapidly  in  sugar  solutions.  Many  theories  have  been  proposed  to 
explain  this  phenomenon. 

1st.  The  Berzelian  theory  was  that  it  was  due  to  catalysis  or  to  the 
simple  fact ;ojThe  presence  of  the  ferment  in  the  .fluid. 

2d.  The  Liebig  theory  was  that  there  existed  no  necessary  relation 
between  the  fermentation  and  the  existence  of  vegetable  living  cells.  The 
living  cells  produce  some  substance  which,  as  it  acts  upon  the  substances 
to  be  fermented,  produces  a motion  among  the  atoms  of  the  substances, 
giving  rise  to  the  boiling  or  frothing  condition.  This  is  simply  an  extension 
of  the  physical  theory  of  Berzelius.  Certain  chemical  changes  are  produced 
by  the  ferment  resulting  in  vibrating  movements.  Liebig  says  that  “Physi- 
ological action  would  be  necessary  for  the  production  of  these  substances” 
in  other  words,  the  living  organism  undergoes  a certain  chemical  change 
corresponding  with  physiological  metabolism  resulting  in  the  formation  of 
certain  substances  which  produce  molecular  vibration.  For  a long  time  it 
was  thus  supposed  that  fermentation  was  purely  a chemical  process. 

3d.  In  morejecent.  times  the  question  has  been  discussed  largely  from 
a biological  standpoint;  the  ferment  being  caused  by  the  presence  of  min- 
ute organisms.  This  has  been  accomplished,  especially  through  the  exper- 
iments of  Pasteur,  who  spent  considerable  time  in  the  attempt  to  cultivate 
these  minute  organisms.  Thus,  we  have  been  led  to  the  vital  theory  of  fer- 
mentation according  to  which  these  represent  germs  of  life,  a particular 
form  of  life,  or  as  Pasteur  says,  “fermentation  is  life  without  air,”  although 
it  is  admitted  that  these  organisms  assume  two  forms,  aerobic  and  anaerobic, 
the  one  living  through  the  presence  and  the  other  through  the  absence  of 
air.  It  was  first  discovered  that  boiled  grape  juice  if  kept  in  a vacuum  did 
not  ferment,  but  if  a single  air  bubble  is  permitted  to  enter,  fermentation 
results. 

Schwann  admitted  an  air  bubble  through  a red  hot  tube  and  found  that 
no  fermentation  followed.  He  concluded  that  fermentation  was  due  to 
something  in  the  air  and  heat  prevented  fermentation  by  destroying  the 
substance  in  the  air;  hence,  physical  and  chemical  conditions  seem  to  favor 
t he  growth  of  the  organisms  from  20°  to  4Q°C.  assisting,  above  60oC  a n d 
below  freezing  poirit  arresting  it.  Schwann  then  attempted  to  identify  fer- 
mentation  and  putrefaction,  finding  that  the  air  has  the  same  to  do  with 
putrefaction  as  with  fermentation. 

Helmholtz  proved  that  air. is  produced  by  the  dissolution  of  a com- 
pound by  means  of  electricity,  the  air  thus  produced  does  not  cause  fermen- 
tation. By  placing  a bladder  filled  with  grape  juice  inside  a vat  of 
fermenting  juice  the  fluid  in  the  bladder  did  not  ferment,  the  producing 
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cause  being  unable  to  pass  through  the  wall  of  the  bladder.  From  this  and 
similar  experiments  it  is  evident  that  the  organisms  in  thp  air  arf  ffrf 
both  of  fermentation  and  putrefaction.  At  t h i s po i n t Paster  began  hi s reT- 
searches  which  have  immortalized  his  name  and  produced  a revolution  in 
the  scientific  world.  He  found  that  each  form  of  fermentation  was  produced 
b>  a different  ferment.  Ihe  alcoholic  by  the.  yciast  cell,  lactic  fermentation 
by  lactic  acid,  etc.  He  then  began  to  cultivate  these  organisms  in  certain 
fluids  which  seem  germane  to  their  life  so  that  he  could  localize  certain 
organisms  with  certain  fluids.  He  found  that  the  ferment  producing  the 
butyric  fermentation  could  live  and  grow  in  a fluid  mixture  of  certain  "’min- 
erals with  sugar,  the  presence  of  free  air  interrupting  the  fermentation. 
He  found  that  this  applied  to  some  of  the  other  fermentations.  It  was  this 
that  led  him  to  the  conclusion  that  most  of  the  ferment  organisms  may  be 
aerobic  or  anaerobic,  that  is,  live  in  the  presence  or  absence  of  air,  but"  that 
it  is  wThile  it  is  anaerobic  that  it  does  the  fermentation  work.  When  it  re- 
ceives free  air  it  grows  and  develops  as  in  the  case  of  molds  found  on  the 
surface  of  exposed  foods,  but  when  free  air  is  excluded  it  draw's  O from  the 
substance  in  which  it  exists  and  in  this  way  produces  fermentation.  This 
does  not  mean  that  these  organisms  can  live  without  air,  for  they  can  pro- 
duce that  air  necessary 'for  their  life  inside  the  substances  in  w'hich  they  are 
found.  They  can  live  without  free  air  as  Pasteur  has  said,  extracting  "suffi- 
cient O from  the  substances  such  as  sugar. 

"‘Engleman  has  pointed  out  that  some  of  these  organisms  gather  close 
to  an  air  bubble  while  others  move  away  from  the  air  bubble.  There  are 
some,  however,  that  require  O,  as  the  bacteria  aceti.  Pasteur's  final  theory 
is  that  some  O is  necessary  at  the  beginning  of  fermentation,  but  that  when 
begun  free  O is  not  necessary.  By  these  experiments  the  biological  theory 
of  fermentation  has  been  established.  Some  organisms  have  been  identified 
in  connection  with  lactic  fermentation,  the  acetous  mannite  and  urine  as  well 
as  putrefaction  and  fermentation.  Although  the  fermentations  are  differ- 
ent and  also  the  ferments,  some  of  the  productions  of  fermentation  are 
alike,  for  example  alcohol;  some  claim  that  the  increase  in  the  minute 
organisms  in  the  substances  is  not  the  cause  of  the  production  of  fermen- 
tation but  the  product  of  fermentation.  It  has  been  proved,  however 
that  If  th^  ferimentation  germs'  do  not  pass  into  the  fluid,  fermentation  may 
be  prevented,  so  tnat  it  is  possible  to  completely  sterilize  certain  fluids  and 
substances~and  so  remove  anything  that  could  cause  fermentation.  The 
manner  in  which  these  ferments  act  is  unknown,  although  it  is  supposed 
that  these  minute  organisms  produce  a kind  of  ferment  which  acts  on  the 
substances  under  the  process  of  fermentation.  This  action  is  supposed  to 
take  place  not  directly  but  by  reduction.  In  this  case,  of  course,  the  ab- 
sence of  O would  be  characteristic.  If  O is  present  it  is  more  likely  that 
the  process  is  one  simply  of  oxidation.  If  this  latter  statement  is  true  we 
can  account  for  some  of  the  results  at  least  of  oxidation  taking  place  in  the 
tissues.  There  are  constant  molecular  changes  taking  place  in  the  living 
tissues,  these  may  be  partially  oxidation  changes  but  where  sufficient  O is 
not  present  these  molecular  changes  may  result  from  fermentation.  When 
H is  set  free  O is  also  liberated  and  it  acts  on  the  oxidizable  Substances. 
Aside  from  the  field  of  bacteriology  to  wrhich  belong  what  are  called  the 
organized  ferments,  there  are  the  unorganized  ferments  or  enzymes  or  the 
unformed  ferments  that  belong  properly  to  the  field  of  Physiology. 

Digestion  consists  largely  of  certain  processes  of  chemical  changes 
through  which  food  passes  in  its  passage  through  the  alimentary  system. 
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These  digestive  changes  are  effected  by  means  of  these  enzymes  whose 
action  is  peculiar.  These  are  substances  produced  inside  animals  and  plants 
although  not  actively  endowed  with  life.  When  obtained  in  free  solution 
from  organic  matter,  they  are  colorless  and  tasteless.  They  can  be  dissolved 
in  water  and  precipitated  by  alcohol.  They  are  like  the  albumin  deriva- 
tives but  do  not  contain  sulphur.  These  are  distinct  from  the  living  germs 
found  in  bacteria  and  are  really  dead,  although  they  arc  generated  in  living 
substances.  Their  chemical  composition  is  not  known,  although  they  are 
complex  compounds.  Some  think  that  this  ferment  belongs  to  the  albumin 
derivatives,  the  solutions  of  these  ferments  give  the  proteid  reactions,  but 
this  may  be  due  to  impurity  in  the  solution.  These  are  usually  classified 
according  to  their  reactions.  1st.  Proteolytic;  those  changing  proteid  into' 
soluble  peptones,  proteoses  or  triptongsV  Tn  connection  with  digestion  we 
find  the  pepsin  of  the  gastric  juice  and  the  tripsin  of  the  pancreatic  and 
intestinal  juices,  the  former  acid,  the  later  alkaline.  2d.  Amylolytic;  act- 
ing on  starch  and  changing  it  into  a solution  of  sugar,  or  sugar  and  dextrin. 
In  animal  digestion  we  find  the  ptyalin  of  saliva,  amylopsin  of  the  pancre- 
atic juice  and  a liver  ferment  producing  sugar  or  glycogen  3d.  Steato- 
lytic or  fat  separating  ferments,  acting  on  the  neutral  fats  and  separating 
them  into  fatty  acids  and  glycerine  by  the  action  of  the  pancreatic  ferment 
called  steapsin.  4th.  Inversive  ferments,  transforming  the  double  into  the 
single  saccharines.  For  example,  converting  the  cane  sugar  into  the  dex- 
trose, laevuiose  and  glucose  by  the  action  of  invertin  in  the  intestinal  juice, 
and  possibly  to  a small  extent  in  the  saliva!  juice.  5th.  Coagulating  fer- 
ments, as  the  fibrin  ferment  of  blood,  acting  upon  the  protefcfs  and  produc- 
ing^ insoluble  clot  similar  to  this,  and  of  the  same  nature  as  the  rennin 
ferment  of  gastric  juice  which  produces  curdled  milk.  The  fibrin  ferment 
seems  to  belong  to  the  class  of  albuminoids  and  this  has  led  some  Physiolo- 
gists to  suppose  that  all  ferments  belong  to  the  same  class. 

This,  however,  is  incorrect.  6th.  Urea  ferment,  splitting  up  urea  and 
converting  it  into  carbonates  of  ammonia.  These  are  Tound  in  connection 
with  the  deposits  of  urine.  These  ferments  are  the  chief  agents  in  the  food' 
changes  that  take  place  during  the  process  of  digestion  and  hence,  form  a 
most  important  element  in  considering  the  digestive  secretions.  A ferment 
is  a substance  that  causes  change  in  another  substance  without  itself  under- 
going that  change.  This,  of  course,  means  that  in  causing  a reaction  the 
ferment  is  not  itself  used  up.  It  does  not  mean  that  the  enzyme  continues 
to  exist  permanently  or  that  its  action  is  unlimited  in  extent  or  indefinite  in 
time.  The  action  of  ferment  outside  of  the  coagulating  ferments  is  said 
to  be  on  the  principle  of  hydrolysis.  This  means  that  the  ferment  acts  upon 
the  separate  molecular  atoms  producing  hydration,  causing  these  atoms  to 
take  up  one  or  more  molecules  of  water.  The  hydrated  molecule  is  then 
separated  so  as  to  form  smaller  separate  bodies.  It  is  not  known  how  this 
hydration  takes  place.  Some  Physiologists  have  supposed  that  it  was 
accomplished  by  catalysis  or  by  the  influence  of  contact  arising  from  the 
presence  of  the  enzyme.  In  addition  to  this  it  is  said  by  others  that  the 
presence  of  the  ferment  causes  vibrations  in  the  substance  among  its  mole- 
cules thus  leading  to  the  absorption  of  the  fluid  and  the  breaking  up  into- 
smaller  bodies.  Others  have  said  that  the  ferment  produces  a chemical 
reaction,  without  its  undergoing  any  change  itself,  acting  the  part  simply 
of  a medium  in  conveying  to  the  substance  the  chemical  influence.  This  is 
not  unknown  in  the  field  of  chemistry  as  we  find  in  connection  with  the 
blood,  the  hzemoglobin  becomes  oxyhzemoglobin  and  after  delivering  the  O 
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to  the  tissues  returning  to  its  original  form.  Whatever  may  be  the  action  of 
these  ferments  the  presence  of  these  ferments  in  the  human  body  in 
connection  with  the  juices  explains  largely  the  different  processes 
•of  digestion.  1 ' 

SECTION  IK— 1 ■ Digestive  Processes  in  the  Mouth  and  Passages  to  the 

Stomach. 

Digestion  includes  all  those  processes  and  changes  through  which  the 
food  passes  in  the  alimentary  canal,  in  order  to  prepare  it  for  entering  into 
the  blood  by  the  process  of  absorption.  These  changes  are  the  result  of 
several  processes  to  which  the  food  is  subjected  in  its  passage  through  the 
mouth,  the  stomach  and  the  intestines.  These  processes  to  which  the  food 
is  subjected  are  various.  In  connection  with  the  mouth  there  are  two, 
mastication  and  insalixation  and  there  is  deglutition  in  the  passage  to  the 
stomach.  The  food  is  introduced  into  the  mouth  by  means  of  the  hand  or 

some  other  artificial  means  devised  for  the  assistance  of  the  hands.  After 

the  introduction  of  the  food  into  the  mouth  it  is  subjected  to  the  process  of 
decomposition  accomplished  by  the  movements  of  the  jaws  and  teeth  and 
later  it  is  mixed  with  certain  fluid  secretions.  Fluids  are  introduced  into 
the  mouth,  passing  into  the  pharynx  and  from  thence  to  the  stomach.  It  is 
by  inspiration  that  fluids  are  sucked  into  the  mouth.  If  the  lips  are  im- 
mersed in  the  fluid  in  drinking,  inspiration  pulls  out  the  air  from  the  mouth, 
the  fluid  passing  in  under  the  pressure  of  the  atmosphere.  If  the  lips  are 
not  immersed  in  the  fluid  there  is  some  air  that  passes  in  along  with  the 
fluid. 

The  movements  in  connection  with  alimentation  are  dependent  upon 
the  action  of  plain  muscles.  It  is  of  importance  to  consider  the  character 
of  the  muscles  as  these  movements  depend  upon  the  muscle.  Plain  muscle 
in  the  abdominal  and  visceral  walls  is  composed  of  minute  cells  of  varying 
size  and  shape.  There  is  no  cross  striation,  the  cells  being  united  to  form 
fibers,  all  running  in  a longitudinal  direction,  corresponding  with  the  cell 
axis.  These  cell  plexuses  form  sheets  of  muscle  which  constitute  the  vis- 
ceral walls,  the  coats  being  either  longitudinal  or  circular.  These  cells  are 
bound  together  by  a cement  substance,  the  cells  being  continuous  in  their 
protoplasm  and  thus  affording  a continuous  path  for  the  wave  of  contrac- 
tion. These  tissue  walls  are  under  the  control  of  the  motor  nerves,  indicat- 
ing the  close  connection  between  the  muscle  tissue  and  the  nerve  fibers. 
The  chief  Physiological  point  in  connection  with  this  plain  muscle  tissue  is 
the  slowness  of  the  contraction.  It  is  subject  to  any  kind  of  stimulation 
but  the  latent  period  is  longer  than  usual,  a slow  contraction  being  followed 
by  a slow  relaxation.  This  lengthening  of  the  periods  depends  upon  the 
absence  of  cross  striation.  This  however  is  not  sufficient  to  account  for  the 
slowness,  as  other  plain  muscle,  like  the  ciliary  muscle,  contracts  more 
rapidly.  This  slowness  of  contraction  is  of  great  value  in  the  alimentary 
canal,  permitting  of  the  slow  movements  of  the  food  contents  during  diges- 
tion. In  addition  to  this  the  passage  of  the  wave  of  contraction  from  cell 
to  cell  provides  for  the  contraction  in  either  direction.  This,  at  least,  is 
true  of  the  ureter,  although  there  is  no  positive  proof  of  its  truth  in  regard 
to  the  intestines.  These  muscles  of  the  intestines  are  always  in  a tonic  con- 
dition, that  is,  a condition  of  normal  contraction  subject  to  an  increase  or 
decrease  in  the  contraction  taking  place  slowly.  This  characteristic  con- 
traction is  called  peristalsis  or  the  contraction  beginning  at  any  point  in  the 
wall  of  the  tubular  viscus  passing  along  the  walls  of  the  tube  in  the  form  of 
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a wave,  each  part  of  the  tube  slowly  contracting  and  then  slowly  relaxing.. 
Thus,  from  its  entrance  into  the  mouth  until  it  passes  out  of  the  body  the 
food'  is  constantly  subject  to  certain  movements  which  act  upon  the  food 
for  the  purpose  of  breaking  it  up  completely,  subjecting  it  to  the  digestive 
action.  In  the  alimentary  canal  we  find  two  layers  or  muscular  coats,  a 
thin  longitudinal  layer  and  a thicker  circular  layer  separated  by  a connec- 
tive tissue  coating.  The  wave  of  contraction  passing  along  the  circular 
layer  contracting  the  tube  and  thus  pushing  on  the  contents,  the  wave  pas- 
sing along  the  longitudinal  layer,  following  the  circular  layer  wave,  helps  in 
the  forward  movements  of  the  contents  and  in  the  return  of  the  tube  to  its 
normal  size. 

1.  Mastication  is  the  division  of  the  food  and  its  breaking  up  by  the 
teeth.  The  food  is  cut  by  the  sharp  edges  of  the  incisors  and  canines  and 
ground  between  the  rough  surfaces  of  the  molars  and  bicuspids.  The  in- 
cisors are  used  in  biting  off  a part  of  the  food,  the  canines  in  breaking  it 
up  and  molars  in  grinding  it.  There  is  a downward  and  horizontal  move- 
ment of  the  lower  jaw,  the  former  producing  an  upper  and  downward  move- 
ment of  the  arches  and  the  latter  of  grinding.  The  former  result  is  pro- 
duced by  the  alternate  downward  and  upward  movement  of  the  lower  jaw. 
The  digastric  muscle  aided  by  the  thryo-hyoid,  sterno-hyoid  and  omo-hyoid 
muscles  which  fix  the  hyoid  bone,  open  the  mouth;  the  genio-hyoid  and  the 
mvlo-hyoid  pulling  down  the  lower  jaw;  the  temporal,  masseter  and  in- 
te  nal  pterygoid  muscles  closing  it.  The  external  pterygoids  in  alternation 
u[  on  the  two  sides  producing  the  horozontal  action  of  the  under  jaw,  re- 
traction taking  place  by  the  internal  pterygoid.  The  orbicularis  oris  keeps 
the  mouth  closed.  The  trituri  tion  of  the  food  between  the  molars  is  caused 
by  a kind  ol  rotatory  action  of  the  lower  jaw,  due  to  the  movements  altern- 
ately of  the  external  pterygoids.  The  food  is  rolled  about  by  the  tongue 
which  pushes  it  between  the  teeth,  while  the  contraction  of  the  buccinator 
muscles  prevents  the  accumulation  of  the  food  between  the  cheeks  and  the 
dental  arches.  The  process  of  mastication  is  assisted  by  the  mixture  of  the 
food  with  the  fluids.  If  the  mastication  is  complete  the  food  is  ready  for 
digestive  action.  Complete  mastication  is  very  essential  in  order  to  pre- 
vent derangements  of  the  digestive  system.  The  food  is  rotated  by  the 
tongue  backward  and  forward,  the  tongue  moving  around  in  any  direction 
to  suit  the  action  of  the  food,  the  tongue  keeping  in  place  the  food  and  reg- 
ulating the  mastication. 

Mastication  is  a voluntary  action  directed  by  the  muscles  and  also  by 
the  nerves.  The  sensory  impressions  relative  to  the  position,  state  and 
readiness  of  the  food  for  swallowing  are  carried  to  the  brain  chiefly  by 
afferent  fibers  of  the  fifth  pair  of  nerves  and  the  glosso-pharyngeal  in  con 
nection  with  the  tongue.  Motor  influences  are  conveyed  to  the  muscles 
concerned  in  mastication  by  the  following  nerves.  The  motor  fibers  of  the 
5th  in  its  inferior  maxillary  branch  to  the  buccinator,  the  anterior  belly  of 
the  digastric  and  the  masticatory  muscles.  The  hypoglossal  regulates  the 
tongue,  furnishing  by  the  descendens  noni  impulses  to  the  omo-hyoid,. 
sterno-hyoid  and  sterno-thyroid  and  by  the  hypoglossal  branches  to  the 
genio-hyoid  and  the  thyro-hyoid.  The  facial  motors  supply  the  posterior 
belly  of  the  digastric,  the  lip  muscles  and  the  buccinator.  The  reflex  cen- 
ter is  in  the  medulla  and  Pons  varolii  close  to  the  muclei  of  the  5th,  7th' 
hypoglossal  and  glosso-pharyngeal  nerves. 

2d.  Insalivation.  During  mastication  the  food  is  mixed  with  the  fluid 
saliva,  a mixed  fluid  secreted  by  the  parotid  sub-maxillary  and  sub-lingual 
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glands  and  by  the  small  glands  of  the  buccal  mucous  membrane.  The 
sama  is  a thickish,  transparent,  glairy  and  somewhat  turbid  fluid  with  a 
slight  sediment.  In  this  sediment  are  found  flat  epithelium  cells  from  the 
mucous  of  the  mouth,  mucous  corpuscles  probably  leucocytes  which  have 
tscaptd  into  the  secietion  and  spheroidal  cells  from  the  salivary  glands 
known  as  the  salivaiy  coipuscles,  together  with  protoplasmic  masses  with 
amoeboid  movements.  The  specific  gravity  averages  about  1003  to  1009. 

The  sain  a is  alkaline  in  reaction,  due  to  the  pressure  of  alkaline  sodium 
phosphate,  its  alkalinity  being  about  .08  per  cent.  It  consists  of  water  with 
about  .5  per  cent  of  solid  matter.  The  solids  consist  of  salts  including  lime 
caibonate,  alkaline  chlorides  and  the  phosphates  of  lime  and  magnesia  with 
sulphocyanide  of  potassium  and  CO^inTdmbination  with  carbonates.  Small 
•quantities  of  O and  N,  mucin,  albumin  and  globulin  and  an  unorganized  fer- 
ment ptyalin  of  the  amylolytic  class  which  has  the  power  of  converting  the 
staich  into  various  forms  of  sugar,  dextrin  and  maltose.  Ptyalin  when  pure 
by  precipitation  is  a_wjTilisIi^j[^^  pjo\\rder  ver.y  soluble  in  water.  The  con- 
stituents of  saliva  are  in  1,000  parts,  994.15  of  water,  2.2  of  mucin,  1.4  of 
Ptyalin  and  albumin.  2.2  of  salts  and  .05  potassium  sulphocyanide.  Mucin 
is  an  important  element,  producing  the  viscous  character  of  the  saliva.  It  is 
formed  in  the  gland  by  combination  of  the  proteid  and  carbohydrate.  Sul- 
phocyanide is  formed  by  the  decomposition  of  proteids,  being  one  of  the 
products  of  proteid  metabolism.  This  effect  is  produced  more  quickly 
where  the  starch  is  boiled,  as  boiling  removes  the  celluloid  envelope  of  the 
starch  granules.  There  are  other  conditions  favoring  the  ferment  power  of 
the  ptyalin  including  a moderate  temperature  70°  F and  the  fluid  in  which 
the  action  is  taking  place  being  either  alkaline  or  neutral.  The  various 
salivary  secretions  have  been  secured  by  the  use  of  tubes  in  connection  with 
the  glands.  The  parotid  saliva  is  clear  and  limpid,  not  viscous.  It  is 
slightly  alkaline  although  the  hrst  flow  is  acid,  and  it  yields  but  little  ptya- 
lin.and  traces  of  urea.  When  exposed  to  air  it  depositsTime  carbonate  and 
becomes  milky.  The  sub-maxillarv  saliva  is  viscid  on  account  of  the  mucin. 
It  is  more  alkaline  and  contains  ptvalin  and  sulpho-cyanide  of  potassium. 
The  sublingual  gland  secretion  is  still  more  viscid  on  account  of  the  large 
proportion  of  mucin  with  more  salts  and  is  very  markedly  alkaline. 

In  young  children  the  saliva  contains  very  little  ptyalin  and  this  in  the 
parotid  gland  only.  The  ferment  appears  a few  months  after  birth  in  the 
submaxillary  saliva,  after  which  salival  secretion  increases  in  connection 
with  the  dentition  process.  The  chief  element  in  saliva  is  ptyalin.  It  is 
found  in  the  human  saliva  and  also  in  that  of  lower  animals.  It  is  detected 
chiefly  by  its  action  upon  starch.  The  starch  is  split  up  by  a series  of  hy- 
drolytic actions.  It  is  found  that  sugar  is  formed  from  the  starch,  not  di- 
rectly but  after  passing  through  several  stages,  and  that  the  transformation 
does  not  take  place  perfectly,  at  least  when  artificial  experiments  are  made 
Inthecaseof  normal  digestion  the  substances  when  produced  are  taken  away 
so  that  the  transformation  into  sugar  would  be  more  complete,  indicating 
that  maltose  is  the  definite  product  of  ptyalin  action.  The  process  of  con- 
version is  not  known  although  it  seems  that  the  starch  atoms  take  up  water 
then  dividing  up  to  form  dextrin  and  maltose,  the  dextrin  again  by  hydra- 
tion forming  dextrin  and  maltose  and  so  on  till  the  process  is  complete. 
Thus  dextrin  appears  in  different  forms  during  the  process  of  insalivation. 
The  action  of  saliva  is  more  marked  if  the  starch  is  boiled,  the  sugar  being 
developed  in  a few  minutes,  whereas  if  the  starch  is  uncooked  it  takes  a 
much  longer  titrm,  this  being  due  to  the  fact  that  starch  is  bound  up  in  cel- 
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lulose  so  the  ptyalin  cannot  get  at  it,  and  that  when  boiled  it  has  taken  up 
water  and  is  therefore  more  easily  acted  on.  This  shows  the  value  of 
cooked  vegetable  foods  as  opposed  to  raw  vegetables.  From  what  has 
been  said  the  ptyalin  is  found  to  be  present  in  small  quantities,  its  action  be- 
ing dependent  upon  temperature.  It  follows  therefore,  that  its  action  is 
fermentative. 

The  function  of  the  saliva  is  three-fold.  1st.  To  convert  starch  into 
the  sugar,  glucose  and  maltose;  2nd.  To  moisten  and  soften  the  food  and 
so  to  assist  in  swallowing;  3rd.  To  keep  the  mouth  moist  and  so  to  facil- 
itate articulation.  The  saliva  simply  acts  upon  one  substance,  starch,  con- 
verting it  into  maltose  and  dextrin  about,  one  half  of  the  starch  being 
changed  into  sugar  in  the  mouth.  The  conversion  takes  place  freely  at  350 
but  if  the  temperature  is  lower  conversion  is  hindered  as  is  also  the  case  if 
it  rises  above  6o°  C,  being  entirely  arrested  at  70°C  and  at  o°C,  the  action 
being  most  effective  at  40°C.  The  effect  of  heat  seems  to  be  in  the  ferment 
rather  than  in  the  starch  substances.  By  boiling  starch  into  a paste  and 
putting  into  it  saliva  at  35°C  the  paste  will  become  fluid,  the  sugar  being 
found  in  a few  minutes,  the  form  of  sugar  being  maltose.  Saliva  acts  most 
freely  in  the  neutral  solution,  its  normal  reaction  being  slightly  alkaline, 
excessive  acidity  arresting  its  activity.  Weak  acidity  or  alkalinity  dimin- 
ishing its  activity,  strong  alkaline  reaction  arresting  its  activity.  The  ac- 
tivity is  most  marked  if  the  saliva  is  diluted  with  the  digestive  substances 
in  the  ratio  of  1 to  100.  If  this  dilution  is  largely  increased  a small  quanti- 
ty of  sugai  is  still  converted.  Very  small  quantities  of  acid  proteids  will 
hinder  and  large  quantities  will  destroy  the  activity  of  ptyalin.  Hence  the 
formation  of  those  acid  proteids  retards  the  action  of  the  ptyalin  until  it 
ceases  to  act  at  all.  Free  hydrochloric  acid  in  small  quantities  .003  per 
cent  almost  entirely  stops  its  action  and  if  .005  per  cent  is  present  it  will  de- 
stroy the  ptyalin.  This  indicates  that  ptyalin  ceases  to  act  on  the  food 
when  it  reaches  the  stomach. 

The  action  of  saliva  upon  starch  is  hindered  by  the  product  of  saliva- 
tion, sugar.  Hence,  the  process  will  be  arrested  if  the  sugar  is  allowed  to 
remain  in  the  starch.  If  it  is  taken  out  as  it  is  formed  the  process  will  go 
on.  Human  saliva  is  not  very  .active,  its  activity  being  directed  to  the 
moistening  of  food  for  swallowing.  Food  remains  for  such  a short  time  in 
the  mouth  that  salival  action  cannot  be  very  complete,  so  that  the  chief 
value  of  the  saliva  is  to  moisten  the  food  and  by  its  viscidity  to  aid  in  the 
passage  of  the  food  through  the  oesophagus.  In  the  case  of  soluble  min- 
erals it  dissolves  them.  In  the  case  of  fats  it  has  only  a slight  emulsifying 
effect.  On  proteids  it  has  a moistening  effect.  The  amount  secreted*  by 
the  human  subject  every  day  is  estimated  from  400  to  900  grams.  The 
secretion,  however,  depends  upon  the  nature  of  the  food.  In  the  case  of 
any  dry  lood  where  only  a small  quantity  of  water  is  used  the  secretion  is 
large.  I his  secretion  is  also  increased  by  speaking  and  by  the  sapidity  of 
the  food. 

SECTION  V ■ Innervation  Of  Insalivation- 

The  ordinary  flow  of  saliva  is  a reflex  action.  Thejingual  nerve  being 
the  affergntipatlj  find  the, chorda  tympani  the  efferent  path  for  impulses. 
The  Food  substance  stimulates  the  glosso-pharyngeal  and  the  lingual  nerves 
which  convey  impulses  to  a center  in  the  medulla  from  which  efferent  im- 
pulses pass  to  the  salivary  glands. 

The  efferent  nerve  to  the  submaxillary  is  the  chorda  tympani.  The  sa- 
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liva  is  drawn  from  the  blood  under  the  influence  of  the  activity  of  the  cellsr 
the  amount  of  the  fluid  flow  depending  upon  the  necessity  of  the  digestive 
system;  hence,  when  the  mouth  has  no  food  in  it  only  sufficient  saliva  flow 
takes  place  to  keep  it  moist.  When  the  food  or  any  substances  enter  the 
mouth  the  salival  flow  commences.  The  influence  of  the  nervous  system  on 
salivary  secretion  and  flow  has  been  chiefly  studied  in  connection  with  the 
sub-maxillary  glands.  There  are  connected  with  these  glands  in  the  hu- 
man subject  fibers  from  the  facial  through  the  chorda  tympani  and  from 
the  sympathetic.  The  chorda  tympani  springs  from  the  facial  nerves  at  the 
lower  extremities  of  the  Fallopian  aqueduct  passing  through  the  small  ca- 
nal opening  on  the  posterior  wall  of  the  tympanum,  passing  across  the 
tympanum  and  then  passing  out  of  this  canal  by  an  opening  in  the  interior 
extremity  of  the  Glasserian  fissure.  It  passes  down  along  the  internal  sur- 
face of  the  internal  ligament  of  the  jaw  connecting  with  the  lingual  trunk, 
the  submaxillary  ganglion  and  the  blood  vessels  in  connection  with  the 
tongue.  This  submax illarv  ganglion  is  closely  related  to  the  lingual  branch 
of  the  5th  nerve  by  the  anterior  and  posterior  roots,  the  latter  earn  ing  the 
fibers  from  the  ganglion  to  the  chorda  tympani.  The  nerve  fibers  run  along 
theUuct  towards  the  gland,  nerve  cells  arising  especially  after  the  entrance 
of  the  hilum  into  the  gland.  The  nerves  enter  the  gland  but  how  they  are 
distributed  in  connection  with  the  gland  is  as  yet  unknown.  The  chorda 
fibers  are  medulated  till  they  enter  the  gland,  when  medulation  is  lost. 
The  sympathetic  also  sends  out  fibers  to  join  this  ganglion,  arising  from 
the  plexus  of  the  facial  artery.  The  blood  vessels  of  the  submaxillary 
gland  are  connected  with  the  ganglion  by  means  of  a number  of  fine  nerves, 
the  nerve  fibers  reaching  the  gland  along  with  the  arteries  of  the  gland. 
Several  of  these  small  fibers  pass  to  the  mucous  membrane  of  the  mouth. 
These  fibers  are  non-medullated  and  may  be  traced  to  the  superior  cervical 
ganglion,  thence,  back  to  the  cervical  sympathetic  and  the  spinal  cord.  If 
a tube  is  applied  to  the  sub-  maxillary  gland  a whitish  turbid  fluid  passes 
out  if  the  tongue  is  stimulated  by  some  food  substances  or  if  the  lingual 
nerve  is  artificially  stimulated.  If  chemical  stimulation  is  applied  to  the 
tongue  changes  may  be  made  in  these  secretions,  a weak  solution  of  acid 
producing  a clear  fluid  and  an  alkaline  solution  a viscous  fluid.  These 
changes  are  due  to  nervous  stimulation  depending  upon  the  nerve  to  which 
the  stimulus  is  applied.  (1.)  Stimulation  of  the  sympathetics  produces 
rnntrartinn  nf  the  arteriesfl  a slowing~bTthelcirculation,  the  blood  passing 
from  the  gland  being  of  a deep“dark  color.  The  secretion  is  diminished, 
the  saliva  becoming  thready  and  viscous  and  containing  numerous  corpus- 
cles and  protoplasmic  lumps  together  with  mucin.  If  the  stimulation  is 
long  continued  the  saliva  becomes  limpid  very  like  the  chorda  secretion, 
indicating  that  the  chorda  and  sympathetic  secretions  are  similar  in  then- 
nature  Previous  to  the  effect  produced  upon  the  secretion  after  the  appli- 
cation of  the  stimulation  there  is  a brief  latent  period  from  2 to  20  seconds 
before  the  change  takes  place  in  the  saliva.  The  fibers  are  the  vaso-con- 
strictor  and  probably  act  by  the  stimulation  of  the  local  ganglia.  ( 2.) 
Stimulation  of  the  chorda  tympani  at  the  peripheral  end  after  its  division 

causes  the  dilatation  of  the  arteries,  a quickening  ot  the  circulation,  bright 
arterial  blood  passing -into  the  veins,  a copious  watery  secretion  with  tree 

salivary  corpuscles  and  protoplasmic  masses  with  salts.  Thus  _the  chorda 

.is  a vaso-dilator  fiber  and  increases  the  secretions.  The  fibeysare  so  tai  as 
the  vessels  are  concerned,  vaso-dilators,  but  it  is  believed  that  some  arey 
distributed  to  the  secreting  cells  of  the  gland  for  if  atropin  be  administerc 
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the  stimulation  of  the  chorda  tympani  will  still  cause  the  dilatation  of  the 
blood  vessels  but  no  secretion  of  saliva.  In  this  case  the  atropin  paralyzes 
the  secretor>Lglan.da-biit  not  the  vascular  fibers  of  the  chorda  tympani.  The 
nerve  fibers  "in  all  probability  dilate  the  blood  vessels  by  the  inhibition  of 
the  local  ganglia.  (3.)  If  the  lingual  nerve  is  cut  and  stimulation  is  ap- 
plied to  the  central  end  the  secretion  increases  very  much.  This  secretion, 
however,  will  not  increase  if  before  stimulation  the  chorda  tympani  is  also 
cut.  (4th.)  If  the  glosso-pharyngeal  is  stimulated  the  effect  is  more  no- 
ticable  than  in  the  case  of  the  chorda  tympani,  this  being  the  principal  af- 
ferent nerve  in  secretion.  If  the  mucosa  of  the  stomach  is  stimulated  by 
the  fistulous  introduction  of  food  there  is  a salival  flow.  The  same  result 
will  follow  stimulation  of  the  pneumogastric  or  the  sciatic.  These  are  re- 
flex in  connection  with  the  central  nervous  system. 

From  this  we  conclude  that  there  is  a nerve  circle  including  sensory  fibers 
of  the  lingual,  a center  in  the  brain  and  fibers  of  the  chorda,,  producing  secre- 
tion and  the  salival  flow  by  reflex  action.  If  the  sympathetic,  the  chorda  and 
the  lingual  are  cut  and  stimulation  applied  a«d  the  mucous  lining  of  the  mouth, 
the  secretion  increases,  indicating  that  the  submaxillary  ganglion  acts  as  a 
subordinate  reflex  center.  Normally,  submaxillary  secretion  is  limpid  and  the 
chorda  activity  is  excited  by  stimulus  applied  to  the  lingual  and  glosso-pharyn- 
geal nerves,  or  the  sensory  fibers  of  the  5th  in  the  mouth  and  tongue,  or  the 
olfactory  branches  or  the  vagi  branches  to  the  stomach,  all  of  these  producing 
a watery  secretion.  In  the  same  way  flavorous  substances,  the  masticatory 
action  of  the  jaws  or  the  presence  of  some  solid  substances  in  connection  with 
the  tongue  produce  the  same  flow  of  watery  secretion.  The  secretory  center  is 
in  the  medulla  close  to  the  rise  of  the  7th  and  9th  cranials.  Thej-ympathatic 
fibers  arise  from  the  same  point.  If  the  lingual  trunk  is  divided  above  the 
junction  of  the  chorda  and  if  the  tongue  is  stimulated  there  will  be  no  flow  of 
the  saliva.  This  indicates  that  the  center  must  be  above  this  point.  The 
center  in  the  medulla  is  near  to  the  vasomotor  center.  If  the  upper  part  of  the 
brain  is  removed,  leaving  intact  the  medulla  the  salival  flow  will  continue,  if 
there  is  sufficient  afferent  stimulation.  If  the  medulla  is  destroyed  the  salival 
flow  ceases.  If  direct  stimulation  is  applied  to  the  medulla  the  salival  flow  will 
continue,  The  efferent  impulses  pass  from  the  center  in  the  medulla  either  by 
the  chorda  tympani  or  by  the  sympathetic,  although  some  claim  that  no  effer- 
impulses  pass  through  the  sympathetic.  The  salival  flow,  therefore,  depends 
upon  efferent  impulses  brought  the  gland  along  the  chorda  tympani.  By  the 
stimulation  of  the  chorda  peripherally  after  division  the  secretion  flows  freely, 
the  saliva  being  watery  with  only  a few  plotoplasmic  substances  and  salivary 
corpuscles.  The  blood  flows  freely  in  the  arteries,  capillaries  and  veins,  the 
venous  blood  being  almost  arterial  in  color  and  producing  a pulsation  in  the 
veins,  this  being  due  to  the  fact  that  the  blood,  flows  quicky  and  does  not  lose 
its  O. 

Thus,  the  stimulation  of  the  chorda  produces  dilatation  of  the  blood  ves- 
sels  in  the  gland  and  the  salival  flow!  iflhe  difference  between  the  chorda 
stimulation  and  the  stimulation  of  the  sympathetic  is  that  the  former  gives  rise 
to  dilatation  of  the  blood  vessels  and  the  free  flow  of  watery  saliva,  while  the 
later  constricts  the  arteries  and  gives  rise  to  a diminished  flow  of  viscous  saliva. 
This  indicates  that  the  blood  supply  is  not  the  direct  cause  of  the  flow  of  secre- 
tion, although  it  may  be  connected  with  it  in  some  way.  In  the  case  of  the 
parotid  gland  there  are  two  kinds  of  nerves,  one  from  the  central  nervous  sys- 
tem passing  along  the  auriculo-temporal  branch  of  the  fifth  and  the  other  ori- 
ginating in  the  cervical  sympathetic.  The  former  nerves  are  vaso-dilator  and 
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the  latter  vaso-CQUstrictor^  This  center  in  the  medulla  may  be  stimulated  not 
only  by  afferent  impulsesirom  below  but  also  by  impulses  arising  in  the  cere- 
brum, arising  from  a psychic  influence  connected  with  the  thought  of  a savoury 
meal.  This  influence  may  be  either  accelerator  or  inhibitory,  in  the  former 
case  producing  a free  watery  secretion  in  the  mouth,  and  in  the  latter  case, 
parching  the  mouth.  Secretion  in  the  submaxillary  gland  is  not  a process  of 
filtration  but  takes  place  internally  in  the  gland  determining  blood  flow  to  the 
gland.  Secretion  is  not  arrested  by  the  pressure  becoming  greater  in  the  gland 
than  in  thearteries.  Even  after  decapitation  the  secretion  will  continue  in  the 
gland  indicating  that  the  salivais  not  simply  filtered  through  the  gland  from 
the  blood  but  is  produced  in  the  gland  cells.  In  confirmation  of  this  it  is 
claimed  by  some  that  the  nerve  terminals  are  found  in  the  gland  ce  1 1 protff- 
plasni  or  in  the  neuclei  of  the  cells,  at  least  they  seem  to  be  intimately  con- 
nected in  some  way.  This  uervus  connection  with  the  cells  has  been  traced  in 
the  liver.  In  connection  with  the  chorda  tympani  two  different  kinds  of  fibers 
exist,  secretory  or  accelerator  or  inhibitory.  The  use  of  atropin  produces  par- 
alysis of  the  accelerator  without  effecting  the  inhibitory.  If  then  stimulation 
is  appliedto  the  chorda,  no  secretion  takes  place,  though  the  blood  vessels 
are  dilated.  Thus,  thedilator  fibers  have  not  been  effected  at  all;  the  secre- 
tory  fibers  have  been  effected.  If  the  chorda  is  divided  after  the  lapse  of  a day 
the  Wharton  duct  begins  to  discharge  the  liquid  secretion  called  the  paralytic 
secretion  which  continues  to  flow  for  several  days,  after  which  it  ceases,  the 
gland  beginning  towaste.  If  but  one  chorda  is  cut,  this  watery  secretion  will 
flow  from  both  glands.  This  is  supposed  to  be  due  to  the  venosity  of  the  blood 
stimulating  a local  center,  this  flow  continuing  during  the  vitality  of  the  local 
ganglion.  During  the  secretry  process  the  gland  temperature  is  raised  from 
i°  to  2 °C  producing  an  increase  in  the  flow  of  venous  blood  leaving  the  gland 
as  compared  with  the  arteral  blood  received  into  it.  The  changes  in  the  gland 
also  produce  certain  electric  influences,  a change  taking  place  between  the 
normal  gland  and  the  gland  under  stimulation,  resulting  in  a negative  variation. 
During  the  resting  of  the  gland  the  hilurn  of  the  gland  is  positive  to  the  rest  of 
- th(Tgland.  Tf  the  chorda  is  stimulated  the  hilurn  becomes  negative  after  a 
latent  period.  If  the  sympathetic  is  stimulated  the  hilurn  becomes  negative  to 
the  rest  of  the  gland!  Secretion  and  flow  are  thus  dependent  upon  three 


factors.  . , . ,. 

(i.)  Blood  supply.  The  secretion  increasing  or  diminishing  according 

to  the  gnnpl v nf  the  blood.  (2. ) ~ Nervous  impulses.  "There  is.au*  increase  of 
the~secretion  by  the  nerve  activity  upon  the  gland  cells.  The  blood  supply 
is  under  the  control  of  the  nerve  fibers,  one  set  increasing,  another  set  decreasing 
supply!  This  nerve  impulse  is  under  the  control  of  the  local  reflex  cem 
ter  or  the  centers 'in  the  central  nervous  system.  (3.)  T^e  activity  of  the 
gland  c rpuscles.  This  means  that  it  is  due  not  simply  to  blood  pressure,  mis 
hTTHTb^by-the  fact  already  referred  to  in  reference  to  the  stimulation 
of  the  fibers  of  the  chord  a tympani  in  connection  with  the  submax- 
illary gland  when  the  system  is  under  the  influence  of  atropin,  It  can  also 
be  shown  by  ligaturing  the  duct  of  the  gland  when  secretion  will  still  continue, 
although  the  pressure  inside  the  gland  is  greater  than  that  inside  the  blood 
vessels.  The  submaxillarv  ganglion  appears  to  be  a kind  of  secondary  reflex 
center  for  the  s u b m a x i 1 lary^Ia nd  rf  the  nerves  that  connect  the  tongue  \\  ith 
the  central  nervous  system  are  dfvided,  substances  applied  to  the  surface  of  the 
tongue  cause  a flow  of  saliva.  The  nerve  fibers  to  the  sublingual  gland  come 
from  the  lingual  division  of  the  5th  and  also  from  the  sympathetic  as  well  as 
from  the  submaxillary  ganglion.  Nerve  fibers  passing  to  the  parotid  glan 
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from  the  glosso-pharyngeal  by  the  otic  ganglion  and  the  inferior  superficial 
petrosal,  the  immediate  connection  with  the  gland  being  through  the  auriculo- 
temporal. The  glosso-pharyngeal  through  its  tympanic  branch  passes  to  the 
internal  tympanic  going  through  the  petrous  ganglion.  Passing  along  the 
interior  wall  of  the  tympanum,  it  passes  out  at  the  upper  part  becoming  the 
small  superficial  petrosal  nerve  which  is  found  in  the  upper  part  of  the  petrous 
division  of  the  temporal  bone,  passing  downward  to  the  otic  ganglion.  The 
otic  ganglion  gets  fibers  from  the  inferior  maxillary  branch  of  the  5th,  from 
the  sympathetic  and  the  glosso-pharyngeal  through  the  small  superficial  pet- 
rosal. Thus,  the  nervous  connection  of  the  parotid  is  similar  to  that  of  the 
submaxillary  gland. 

Heidenhain  has  tried  to  explain  the  secretory  process  in  the  gland.  In 
the  cell  we  find  the  cell  substance  and  also  the  secretion,  each  cell  being  sub- 
ject to  the  influence  of  trophic  fibers  which  produce  the  chemical  protoplasmic 
changes  in  the  cells  and  also  of  secretory  fibers  which  are  concerned  in  the  act 
of  secretion.  In  the  cranial  nerves,  we  find  secretory  fibers  and  very  few 
trophic  fibers  so  that  the  stimulation  of  these  nerves  produces  a free  flow  of 
watery  secretion.  In  the  sympathetic  nerves  we  find  trophic  fibers  and  very 
few  secretory  fibers  so  that  the  stimulation  of  these  fibers  does  not  produce  any 
flow  or  only  a slight  flow  of  secretion,  the  secretion  being  thick.  If  the  stimulation 
is  long  continued  the  secretory  fibers  are  strongly  affected  so  that  the  solid 
matter  of  the  secretion  is  used  up.  A weak  stimulation  on  the  other  hand, 
increasing  the  protoplasm  of  the  secretion. 

This  indicates  a double  process  taking  place  in  the  gland  cell,  an  anabolic 
anfL.a  katabolic  process,  each  of  these  processes  being  dependent  upon  nervous 
connection  so  that  the  salival  flow  depends  very  largely  upon  the  nervous  con- 
nection with  the  gland.  As  distinguished  from  insalivation  mastication  is  a 
voluntary  act  under  the  direction  of  the  muscular  sense  and  the  sensation.  It 
is-notj  however,  purely  voluntary  as  tjie  paralysis  of  the  nerves  controlling  the 
tongue,  takes  away  the  influence  of  sensations  which  aid  so  materially  the  vol- 
untary act.. 

SECTION  VI.  Deglutition. 


After  the  process  of  mastication  is  complete  by  breaking  up  the  food  and 
mixing  it  thoroughly  with  saliva,  the  food  is  formed  into  a circular  bolus  and 
conveyed  to  the  stomach  by  the  process  of  deglutition  which  consists  of  a suc- 
cession of  complex  muscular  movements.  This  transmission  takes  place 
through  the  pharynx  and  the  oesophagus.  The  pharynx  is  a muscular  tube 
reaching  from  the  base  of  the  skull  to  the  lower  edge  of  the  cricoid  cartilage 
1 he  oesophagus  below  is  continuous  with  it.  The  soft  palate  projects  back- 
ward into  it,  and  is  an  envelope  passing  backward  from  the  hard  palate  forming 
the  conical  shaped  uvula  with  two  lateral  folds,  the  anterior  and  posterior  pil- 
lars,  of  the  fauces  between  which  we  find  the  tonsils.  Between  the  anterior 
pillars  is  the  isthmus  of  the  faceus.  In  connection  with  the  pharynx  we  find 
the  three  constrictor  muscles  and  the  stylo,  and  palato-pharyngeal  musdes 
1 he  palato  glossus  found  in  connection  with  the  anterior  pillar  of  the  fauces 
and  the  palato-pharyngeal  with  the  posterior  pillar.  The  levator  palati  elevates 
the  sort  palate.  I he  palato  glossus  and  pharyngealmuscles  depress  it  In  all 
there  are  seven  orifices  into  the  pharynx,  two  from  the  nose,  two  eustachian 
tubes,  the  isthmus  of  the  fauces,  the  laryngeal  opening  and  the  opening  to  the 
oesophagus  The  oesophagus  begins  opposite  the  6th  cervical  vertebra  pass- 
es through  the  diaphragm  and  entering  the  stomach  opposite  the  xotli  dorsal 
I he  calibre  of  the  oesophagus  while  resting,  is  star  shaped.  The  upper  part  of 
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the  oesophagus  is  striated  muscle  which  gives  rise  to  the  quick  movements  of 
this  part  of  the  oesophagus,  whereas,  the  lower  part  is  untriated,  the  move- 
ments of  this  part  being  much  slower. 

Deglutition  includes  three  periods,  the  passage  of  the  bolus  through  the 
isthmus  oftEeT  fauces^  the  passage  through  the  pharynx  and  the  passage 
through  the  oesophagus.  After  the  bolus  reaches  the  isthmus  there  begins 
the  involuntary  and  reflex  movement.  There  is  a backward  movement  of  the 
tongue  and  an  elevation  of  its  central  part  by  the  contraction  of  the  stylo- 
glossi muscles.  The  tongue  at  the  same  time  changes  its  form,  sending  the 
bolus  back  to  the  soft  palate.  The  bolus  then  goes  through  the  isthmus  and 
the  anterior  pillars,  contracting,  and  thus  preventing  it  from  returning  to  the 
mouth.  It  includes  the  passage  of  the  food  from  the  mouth  to  the  stomach. 
It  may  be  divided  into  three  stages 

ist.  From  the  mouth  to  the  isthmus  of  the  fauces.  This  is  the  voluntary 
stage  during  which  the  bolus  is  by  the  movements  of  the  tongue  carried  back 
to  the  fauces.  When  the  bolus'lies  on  the  upper  surface  of  the  tongue  the 
elevation  of  the  tongue  forces  it  back  to  the  soft  palate.  It  is  voluntary  in  the 
sense  that  the  tongue  can  be  freely  used  to  do  this  It  requires,  however,  a 
moistening  of  the  food.  As  soon  as  it  passes  within  these  fauces  there  com- 
mences and  is  rapidly  completed  the  2d  stage,  through  the  pharynx^  This 
stage  is  spasmodic  and  is  of  the  nature  of  a reflex  action.  The  tongue  is  jerked 
upwaro  and  backward  by  the  stylo- glossi  muscle  and  thus,  the  food  bolus  is 
thrown  into  the  lower  part  of  the  pharynx.  The  pharynx  is  the  common  tu  e 
for  the  food  and  air,  and  hence,  more  rapid  movement  of  the  food  is  necessary 
during  this  stage.  At  the  same  time  other  movements  take  place  by  which 
the  openings  leading  from  the  pharynx  except  that  into  the  oesophagus  are 
closed,  and  in  this  way  the  bolus  is  prevented  from  entering  them.  \ anous 
steps  in  this  process  are  noticeable,  (a.)  The  muscles  of  mastication  fix  the 
lower  jaw,  pressing  the  arches  of  the  teeth  against  each  other.  The  pharynx 
is  pulled  up  and  forward  by  the  palato-pharyngeal  and  the  stylo-pharyngeal 
muscles,  the  constrictors  and  the  muscles  from  the  lower  jaw  to  the  hyoid  bone. 
The  pharynx  ascends,  accompanied  by  the  ascension  of  the  larynx,  the  con- 
strictor muscles  also  contract  from  above  downward,  pressing  the  bo us 
against  the  soft  edges  of  the  palate  and  the  tongue, _ carrying  the  bolus  into  the 
oesophagus  as  to  prevent  regurgitation  of  the  food  into  the  nose.  The  pa  a a- 
glossi  muscles  contract  and  produce  a narrowing  of  the  anterior  arch  ot  he 
fauces,  preventing  the  bolus  from  returning  to  the  buccal  cavity.  Having 
entered  the  pharynx  certain  movements  are  necessary  in  order  to  prevent 
passage  into  the  nasal  cavity  to  the  trachea  and  to  carry  it  into  the  oesophagu',. 
(b.)  The  soft  palate  is  raised  by  the  levator  palati  muscles  which  pre 
regurgitation  of  the  food  into  the  nose,  while,  by  the  contraction  ot  the  pa  - 
lato-pharyngeal  muscles  the  two  posterior  pillars  of  the  fauces  arenl^t°ap‘ 
proach  one  another  like  the  blades  of  a pair  of  scissors,  leaving  bet"een  th«“ pa 
narrow  passage  that  is  filled  up  by  uvula  In  this  way  there  is  formed  a slop^ 
ing  shelf  which  cuts  off  the  bolus  from  the  posterior  uares  and  the  eustacluan 

tUbeit  is  a matter  of  dispute  whether  the  orifices  of  the  e«stach|an  ! Lnbes  ar^ 
onen  or  closed  during  deglutition.  The  posterior  surface  of  the  soft  palate  1 
S?  is  directed  bafk  tfward  the  wall  of  the 

position  and  almost  closing  the  eustachian  tube  n o-l,  o 

contract  rapidly  thus  lessening  considerably  the  buccal  omly,  the  boms  « 
ing  quickly  sent  from  the  mouth  through  the  pharynx  and  the  t f 
into The  stomach,  the  contractions  taking  place  in  the  oesophagus  and  pharyu 
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geal  walls  being  supplementary  to  drive  down  the  remnants  of  the  bolus. 
<c.)  As  the  tongue  is  jerked  upwards  and  backwards  the  hyoid  bone  with  the 
pharynx  and  larynx  is  carried  upward  and  forward.  Hence  the  base  of  the 
tongue  presses  the  epiglottis  down  over  the  superior  aperture  of  the  larynx. 
The  closure  is  completed  by  the  constriction  of  the  muscular  fibers  connected 
with  the  epiglottis.  At  the  same  time  the  rima  glottidis  is  closed,  the  ary- 
tenoid cartileges  and  the  true  vocal  cords  being  brought  close  together,  the 
cushion  of  the  epiglottis  fitting  in  between  the  cords.  The  general  view  is 
that  the  epiglottis  presses  down  on  the  laryngeal  opening,  closing  it  and  pro- 
tecting the  respiratory  passages.  If  the  epiglottis  is  taken  out  normal  swal- 
lowing continues.  According  to  some  recent  cases  the  epiglottis  becomes 
erect  in  swallowing  although  this  is  not  accepted  as  correct.  By  these  means 
the  orifices  leading  from  the  pharynx  are  closed  with  the  exception  of  that  in- 
to the  oesophagus.  The  oesophagus  and  the  lower  part  of  the  pharynx  are 
somewhat  raised  to  meet  the  descending  bolus  by  the  contraction  of  the  stylo- 
pharyngeal and  palato-pharyngeal  muscles  forcing  the  food  downward  and 
thus  preparing  for  the  3rd  stage.  During  this  stage,  therefore,  the  buccal 
cavity  is  closed  by  the  tongue  pressing  upon  the  soft  palate  and  by  the  con- 
striction of  the  muscles  of  the  anterior  pillars  of  the  fauces.  The  nasal  cavity 
orifices  are  closed  by  the  raising  of  the  soft  palate,  of  the  uvula  and  the  con- 
striction of  the  muscles  of  the  posterior  pillars  of  the  fauces.  The  tracheal 
opening  is  closed  by  the  constriction  of  the  vocal  cords,  the  elevation  of  the 
larynx  and  the  lowering  of  the  epiglottis  over  the  larynx.  In  this  way  a clear 
and  well  marked  passage  is  cleared  for  the  food  through  the  pharynx. 

3^-  XlLthe  oesophagus,  this  is  the  involuntary  stage.  The  constrictors  of 
the  pharynx  close  over  the  food  which  enters  the  oesophagus  along  which  it  is 
carried  by  peristaltic  contraction.  When  the  food  enters  the  oesophagus  the 
pharynx  falls  downward,  the  openings  of  the  mouth,  the  nasal  cavity  and  the 
glottis  being  opened  and  the  fragments  of  food  being  carried  down  by  a succes- 
sion of  oesophagal  contractions.  The  oesophagal  movements  are  undulatory; 
and  hence,  they  are  called  peristaltic.  The  circular  contraction  originating  in 
the  pharynx  passes  into  the  oesophagus,  being  first  communicated  to  the  trans- 
verse coats  of  the  oesophagus  and  then  assisted  by  the  contraction  of  the  longi- 
tudinal coats,  the  movements  being  always  directed  downward.  The  muscles 
of  the  oesophagus  are  found  to  contain  striated  fibers  in  the  upper  part,  and 
unstriated  fibers  in  the  lower  part,  peristaltic  action  being  the  same  in  both  ex- 
cept that  in  the  striated  fibers  it  travels  much  more  rapidly.  These  peristaltic 
movements  may  be  carried  out  by  the  muscles  without  any  assistance  from  the 
nerve  fibers,  terminating  in  the  muscles  and  apart  from  any  stimulation  from 
the  central  nervous  system,  as  these  can  be  seen  in  the  organs  when  removed 
the  body. 

But  in  the  living  body  the  connections  are  so  close  with  the  nervous  sys- 
tem as  to  make  the  connection  of  nerves  and  muscles  inseparable  in  the  pro- 
duction of  peristaltic  action.  The  contractions  do  not  originate  and  are  not  car- 
ried out  by  the  walls  of  the  tube  alone  and  thus  transmitted  from  segment  to- 
segment  in  the  tube.  The  efferent  impulses  pass  from  the  medulla  to  the  dif- 
ferent  regions  of  the  tract.  Hence,  if  a part  of  the  cesphagus  is  excited  the 
contraction  will  commence  and  go  down  the  oesophagus  to  the  cut  portion  and 
will  proceed  to  go  down  the  lower  part,  crossing  the  gap,  indicating  that  ner- 
vous stimulation  passes  to  the  oesophagus  in  all  its  parts  from  the  central  ner- 
vous system.  Persstaltic  movements  of  the  lower  portion  of  the  oesophagus  can 
be  aroused  by  irritating  the  pharuyx.  I11  the  production  of  these  peristaltic 
movements  of  the  oesophagus  we  find  the  pharyngeal  afferent  nerves,  the 
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superior,  laryngeal . the  pharyngeal  branches-  of  the  pbeumogastric.  the 
branches  of  the  5th  and  the  branches  of  the  glosso-pharyngeal.  The  center  of 
peristaltic  action  is  in  the  medulla  being  a portion  of  the  deglutition  center, 
the  efferent  impulses. pass  from  the  center  along  the  pneumogastric.  passing  by 
the  recurrent  laryngeal  to  the  upper  part  of  the  pharynx  and  through  the 
pueumogastric  laryngeal  plexus  to  the  lower  part.  If  the  vai/us  trunk  is 
diyjde~d''deglutition  in  the  last  stage  through  the  oesophagus  is  difficult  if  the 
If  the  pheripheral  end  of  the  cut  trunk  is  stimulated j then  the  peristaltic  con- 
tractions are  noticeable.  Where  the  oesophagus  unites  with  the  stomach  at 
the  cardiac  orifice  in  the  last  part  of  the  oesophagus  the  circular  fibers  continue 
in  a tonic  contracted  state,  especially  when  the  stomach  is  filled.  This  con- 
traction of  the  lower  end  of  the  esophagus  acts  as  a closure  sphincter,  prevent- 
ing the  regurgitation  of  the  food  from  the  stomach.  When  the  food,  riches 
this  point  the  center  which  controls  this  part  is  inhibited,  so  as  to  dilate  the  ori- 
fices and  permit  the  passage  of  the  food  into  the  stomach  which  comes  with 
sufficient  force  to  press  through  the  small  opening,  producing  a sound  over  the 
upper  region  of  the  abdomen.  These  movements  of  the  oesophagal  walls  are 
very  much  like  those  found  in  the  stomach  and  intestines.  The  muscular 
coating  of  the  alimentary  canal  consist  of  two  layers,  the  external  thin  layer 
arranged  longitudinally  and  an  interior  thick  layer  arranged  transversely  with  a 
layer  of  connective  tissue  in  the  middle.  When  constriction  takes  place  in  the 
transverse  layer  the  contraction  is  transmitted  downward,  causing  contractions 
of  the  circular  layers.  This  causes  the  contraction  of  the  tube  pushing  forward 
the  contents.  In  the  case  of  the  longitudinal  layer  a contraction  of  any  por- 
tion of  the  tube  helps  forward  the  contents  by  drawing  the  tube  over  the  con- 
tents immediately  above.  These  contraction  movements  are  transmitted  all 
along  the  walls  of  the  tube.  The  transverse  and  longitudinal  contractions  are 
supposed  to  take  place  at  different  times  and  not  simultaneously,  because  simil- 
taneous  contractions  would  tend  to  neutralize  each  other.  It  is  supposed  that 
longitudinal  contraction  takes  place  first  and  accompanies  transverse-relaxation 
and  vice  versaTthe  thick  coat  of  the  transverse  representing  the  stronger  force, 
the  thinner  longitudinal  co  at. assisting  the  movements  forward.  These  con- 
joint movements  produce  a writhing  and  twisting  in  the  walls  along  the  tubes 
of  the  intestines,  which  is  called  peristaltic  action.  All  these  movements  in 
deglutition  are  induced,  if  not  produced,  by  the  stimulation  arising  from  the 
food  or  liquid  coming  into  contact  with  the  tongue  and  fauces..  These  move- 
ments are  aided  by  the  insalivation  of  the  food  and  the  closure  of  the  mouth,  as 
it  is  very  difficult  to  swallow  any  substance  with  the  mouth  open. 

These  movements  originate  from  stimulation  by  the  food  or  drink  brought 
into  contact  with  the  posterior  portions  of  the  tongue  and  the  anterior  portions 
of  the  fauces.  This  is  greatly  assisted  by  insalivation  of  the  food,  as  dry  food 
is  almost  impossible  to  swallow.  The  same  difficulty  in  swallowing  is  experi- 
enced when  the  mouth  is  kept  open.  By  experiments  it  has.  beenjoiind.  that 
deglutition  lasts  about  6 .seconds;  about  ^seconds'  representing  the  movements 
of  the  lower  pharynx  and  oesophagus  and  three  seconds  the  upper  pharynx. 
If  the  respiratory  passages  are  hot  closed  the  food  passes  into  the  larynx,  pro- 
ducing excitation,  resulting  in  choking  sensations,  lliis  irritation  produces 
expiratory  movements,  followed  by  a cough  which  drives  out  the  foreign  par- 
tides. 

According  to  Kronecker  and  Mejtzer  soft  food  is  forced  through  the 
pharynx  and  the  oesophagus  by  the  quick  and  powerful  contraction  of  the 
mylo-hyoid  muscles.  When  the  food  lies  on  the  surface  of  the  tongue,  by  the 
pressure  of  the  tongue  against  the  palate,  it  is  forced  back  to  the  back  part  of 
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the  mouth,  and  prevented  from  coming  forward.  At  this  point  under  the  con- 
traction of  the  mylo-hyoids  the  food  is  forced  through  the  pharynx  and  oesoph- 
agus. The  movements  of  the  hyo-glossi  muscles  move  the  tongue  back  and 
downward,  pressing  down  the  epiglottis  over  the  larynx  and  pressing  the  food 
downward.  The  food  bolus,  according  to  their  conclusion,  reaches  the  open- 
ing into  the  stomach  in  i-io  of  a second.  The  action  of  the  pharyngeal  con- 
strictors and  the  oesophagu^genstalsis  does  not  assist  deglutition  but  takes 
place  after  the  swallowing  of  the  food,  the  object  of  which  is  to  clear  down  the 
fragments,  and  if  the  food  bolus  is  detained  to  push  it  down  more  slowly 
through  flie  pharynx  and  the  oesophagus.  According  to  these  Physiologists 
the  food  bolus  when  it  has  passed  to  the  lower  end  of  the  oesophagus  stops,  on 
account  of  the  tonic  contraction  of  the  sphincter  until  the  peristalsis  reaches 
that  point  so  as  to  relax  the  sphincter  and  thus  permit  the  passage  of  the  food 
into  the  stomach.  The  peristaltic  wave  reaches  that  point  about  6 seconds 
after  the  entrance  of  the  food  into  the  mouth.  Instead  of  there  being  two 
regions  in  the  oesophagus  as  we  find  in  the  old  theory,  according  to  these 
investigations  there  are  three  regions,  the  upper,  middle.  and  lower,  so  that 
there  are  three  contractions  in  the  peristaltic  movements.  These  three  con- 
tractions Together  with  the  pharyngeal  constrictors  and  the  mylo-hyoid  muscles 
are  the  five  segmentary  contractions  producing  deglutition  in  normal  circum- 
stances. This  represents  a new  and  simpler  theory  of  the  deglutition  which  as 
yet  has  not  been  fully  confirmed.  If  confirmed  it  will  simplify  very  much  the 
physiology  of  deglutition. 

The  Nervous  Arrangement  of  Deglutition. 

Deglutition  as  a whole  represents  a reflex  action  complex  in  character. 
It  isimpossible  without  some  stimulation  of  the  mucous  coat  of  the  fauces.  The 
first  stage  represents  a voluntary  action,  the  second  stage  is  said  to  be  partly 
voluntary  and  partly  reflex.  The  movements,  however,  may  take  place  in- 
voluntarily and  during  unconsciousness.  In  the  last  stage  it  is  purely  in- 
voluntary, the  will  having  nothing  to  do  with  the  action  and  the  move- 
ments concerned.  It  is  a complicated  reflex  action,  therefore,  involving 
many  m uscles,  all  these  muscles  co-operating  to  produce  definite  results, 
the  connections  and  the  results  being  very  definite.  The  nervous  connec- 
tions associated  with  the  act  of  deglutition  are,  1st,  afferent  sensory  fibers 
carrying  impulses  to  the  centers ; the  glosso-pharyngeal  in  connection  with 
the  tongue  and  the  pharynx,  the  branches  of  the  5th  pair  of  cranial  nerves 
from  the  palate  and  the  tongue  and  the  pharyngeal  branch  of  the  superior 
laryngeal  portion  of  the  pneumogastric  from  the  upper  laryngeal  orifice. 
2d.  The  center  of  reflex  action  lies  in  the  medulla  and  the  Pons  Varolii. 
If  an  animal’s  brain  is  removed  leaving  the  medulla,  deglutition  can  be  in- 
duced by  stimulating  the  fauces,  even  if  the  animal  is  unconscious.  If  the 
medulla  is  removed  deglutition  is  impossible.  Various  centers  have  been 
localized  in  the  nucleus  of  the  7th,  the  pneumogastnc  and  the  glosso-phar- 
yngeal,  the  5th  and  the  hypo-glossal,  all  those"  beings  closely  grouped  to- 
gether. The  deglutition  center  is  higher  than  the  center  of  respiration,  so 
that  when  the  lower  part  of  the  medulla  is  injured  the  deglutition  process 
may  go  on  unimpaired.  Possibly  this  center  like  others,  cannot  be  confined 
to  a small  local  area  but  covers  the  region  representing  the  nuclei  of  the 
origin  of  efferent  fibers  to  the  muscles  of  deglutition.  3d.  The  afferent 
motor  n£rves  carrying  impulses  to  the  muscles  of  deglutition  are  the  hypo- 
glossaPfo  the  thyro-hyoid,  genio-hyoid,  hyo-  and  stylo-glossi  muscles 
and  the  intrinsic  muscles  of  the  tongue,  the  glosso-pharyngeal  and  the 
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pharyngeal  plexus  formed  from  the  pharyngeal  branch  of  the  pneumogag- 
tric  and  the  sympathetic  to  the  constrictor  muscles  of  the  fauces  and  phar- 
ynx, the  palatb-glo'ssal  and  the  palato-pharyngeal;  the  5th  pair  of  nerves  by 
the  mylo-hyoid  branch  of  the  inferior  maxillary  to  the  anterior  belly  of  the 
digastric  and  the  mylo-hyoid  muscles;  the  7th  or  facial  to  the  posterior 
belly  of  the  digastric  to  the  stylo-hyoid  muscles,  the  glosso-pharyngeal  to 
the  stylo-pharyngeal  muscle  and  the  laryngeal  branches  of  the  vagus  to  the 

laryngeal  muscles. 

- ' 

SECTION  V II— 2-— Digestive  Processes  That  Take  Place  in  the  Stomach- 

The  stomach  is  a special  organ  of  digestion.  The  stomach  has  three 
coatings,  the  jnpcous,  muscular  and  serous  layers.  The  mucous  lining^coh- 
sists  of  eiyitheTium,  tunica  propria  with  tubular  glands,  muscularis  mucosae, 
and  the  sub-mucous  tissue?  The  epithelium  consists  of  the~ columnar  cells 
secreting  mucus,  the  mucin  being  found  contained  within  the  protoplasm 
attFe  upper  surfaces.  There  are  two  kinds  of  glands  found  in  connection 
with  the  stomach,  the  cardiac  an d pyloric  glands, ‘ si m pie  glan ds _ open ing 
into  the  surfaces  of  the  mucous  membrane.  In  the  cardiac  glands  we  find 
two  kinds  of  cells,  the  principal  or  the  hidden  cell  and  the  parietal  or  ox- 
yntic  cells ; the  latter  being  largely  marginal  cells  found  in  the  body  and 
neck  of  the  gland  and  the  principal  cells  in  the  tube.  It  is  in  the  marginal 
cells  where  the  hydrochloric  acid  of  the  gastric  juice  is  secreted.  The 
pyTo  ric  glands  have  "the  columnar  cells.  During  fasting  from  food  the 
fundicTcells  are  shrunken."  After  taking  food  the  cell  enlarges;  this  enlarge- 
ment being  removed  at  a later  stage  of  digestion.  In  the  pvlorir  gland 
during  digestion  the  cells  become  darker  and  more  granular.  The  muscu- 
lar coat  consists  of  turn  layers  of  smooth  muscle  fibers  and  the  serous  coat 
consists  of  perifoneal  membrane.  The  three  coatings,  the  longitudinal  cir- 
cular and  the  oblique  represent  the  action  of  the  stomach.  The  circular 
coat  lies  between  the  other  two  and  is  more  important.  At  the  end  of  the 
fundus  the  circular  coats  are  thin  but  increase  in  thickness  towards  the 
pyloric  end,  forming  a very  massive  structure  of  great  importance  in  the 
stomach  movements.  The  vascular  mechanism  of  the  stomach  consists  of 
minute  arteries  distributed  ~on  the' ’’serous'  coating  entering  the  muscular 
layers  and  then  penetrating  the  submucous  coat  in  a dense  capillary  mesh 
Work  from  which  delicate  vessels  pass  to  the  tunica  propria  forming  plex- 
uses at  the  glandular  base.  Minute  capillaries  pass  from  these  plexuses 
around  the  gland  orifices.  It  is  from  these  that  the  small  veins  arise,  pass- 
ing to  a venous  plexus  in  the  tunica  propria. 

The  lymphatic  arrangements  of  the  stomach  are  found  in  connection 
with  minute  tubules  passing  out  between  the  glands, -uniting  with  the  lacteal 
plexus  at  tne  base  of  the  glands,  these  passing  to  a larger  system  in  the 
submucous  coat.  Here  arise  lymph  vessels  with  valves  passing  to  the  mus- 
Tulai  Editings,  tHe  muscular  tissue  being  freely  supplied  with  lymphatics. 
The  lymph,  vessels  \vhich~Tave  collected  the  lymph  Chfelrif  bass  along  tne  se- 
rous  coating  to  the  mesentery  passing  between  the  coatings  to  the  mesen- 
teric glands.  The  nervous  connection  to  the  stomach  is  furnished  by  the 
branches"  oF’fhe  pneumogastric  ane  of  the  sympathetics  from  the  solar  plex- 
us. The  sympathetic  fibers  arise  from  the  spinal  cord,  psssing  through  fbe 
thoracic  ;>  acedia  toThe  splanchnics  and  the  solar  blexus.  1 nese  reach  the 
stomach  as  non-medullated  fibers.  The  vagi  as  they  reach  the  stomach  are 
alstTrinn-medullated.  the  fibers  of  the  vagi  being  nioiai:.  Numerous  fibers, 
chiefly  non  medullated  constitute  plexuses  underneath  the  serom  uoalmg. 
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from  which  the  fibers  pass  into  the  outer  muscular  layer  forming  plexuses 
between  the  two  muscular  layers.  From  these  plexuses  great  numbers  of 
fine  fibers  pass  into  the  submucous  coat  again  forming  plexuses  from  which 
fibers  pass  to  the  glands.  Thus  the  vascular  lymphatic  and  nervous  con- 
nection is  very  complete.  When  the  food  reaches  the  stomach  it  is  subject 
to  the  following  influences: 

1st.  A temperature  of  about  IQ4°F 

2nd.  Certain  movements  and  compression.  These  movements  take 
place  by  rythmic  contractions  of  the  muscular  coatings,  the  object  being  to. 
bring  food  directly  into  contact  with  the  juices  and  when  digested  e_xpel  it 
into  the  duodenum. 

3rd.  The  action  of  the  gastric  juice  secreted  by  the  glands  in  the  mu- 
cous membrane. 

4th.  Absorption  takes  place  in. the  stomach.  The  temperature  will  be 
considered  in  connection  with  the  gastric  juice  and  absorption  after  we  have 
finished  digestion.  1st.  The  movements  : Stomachic  movements  have 

two-objects.  1st.  In  order  to  subject  the  stomach  contents  to  the  influ- 
ence of  the  gastric  juice  and  2nd,  to  throw  the  food  when  partially  digested 
into  the  first  portion  of  the  lower  intestines.  Hence  a distinction  has  been 
drawn  between  two  stages  in  these  movements  called  the  churning  and  pro- 
pelling movements.  When  the  stomach  is  empty  it  is  curved  from  above 
downwards,  all  the  muscles  being  in  a tonic  condition  of  contraction.  The 
stomach  is  lessened  in  size  by  contraction,  the  cavity  being  almost  closed 
up,  the  mucous  membrane  being  unfolded  in  connection  with  the  circular 
fibers.  When  food  reaches  the  stomach  and  when  it  is  filled  the  ston-mrh 
begins  to  relax  except  at  the  pyloric  orifice,  the  cardiac  orifice  opening  as 
fo_°_d  enters.  The  stomach  rotates  on  its  long  axis  so  that  the  greatest  cur- 
\ ature  is  carried  forward,  the  anterior  'surface  is  carried  upward  and  the 
postei  ior  surface  downward.  Thus  the  stomach  extends  in  the  direction 
\\  here  there  is  freer  action  towards  the  frontal  abdominal  walls.  The  mus- 
cular fibers  of  the  stomach  contract  the  on  food  and  cause  it  to  circulate,  the 
current  passing  from  t.h^  rarrhar  orifice  along  the  great  curvature  and  back 
again  b_\  the  lesser  curvature,  while  at  the  same  time  other  currents  carry 
the  food  which  is  in  contact  with  the  mucous  membrane  of  the  peripheral 
portion  to  the  deeper  parts  of  the  stomach  and  vice  versa.  These  actions 
gi\e  rise  to  rotatory  movementsof  the  contents  of  the  stomach,  the  rotations 
taking  place  successively  at  short  intervals  and  last  for  a few  minutes. 
These  -movements  are  of  the  nature  of  peristaltic  contractions  producing 
t e churning  moxements.  The  contact  of  the  lood  with  the  mucous  mem- 
brane  of  the  stomach  produces  a median ical  st i mu lation  which  is  strength- 
ened ay  the  chemical  action  of  the  gastric  juice.  These  movements  result 
in  complete  mixing  of  the  food  with  the  fluids,  the  movements  becoming 
more  marked  as  the  digestion  proceeds.  In  this  way  the  food  is  thoroughly 
churned  and  its  complete  admixture  with  the  gastric  juice  is  secured.  The 
contraction  of  the  gastric  muscular  fibers  is  at  first  slight  and  becomes  in- 
creasingly active  as  digestion  proceeds,  that  is  as  the  stomach  gradually 
empties,  \\h.le  digestion  is  going.on  the  pyloric  orifice  is  closed  bv  the 
...'.nett-1--  Ajj  fliflflh&ipn  proceeds  there  are  propulsive  movements  occuring 
at  intervals.  1 hese  consist  of  contractions  of  Hie  circular  fibers  beginning 
adJbe  antrum  of  the  pyloru^passing  downward  and  propelling  the  Food 
>0r(n)'.dl'  f rom  time  to  time  the  pyloric  sphincter  relaxes,  due  to  the 
hn  °/  tku  pylo!7c  ^traction,  a poHion  of  the  food  passes' from  the 
stomach  into  the  small  intestine  (duodenum).  This  movement  is  sudden, 
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in  the  form  of  a very  quick,  contraction,  being  actively  marked  at  the 

pylorus.'  . ~~ 

The  action  of  the  sphincter  seems  to  depend  on  the  contents  of  the 
stomach,  for  undigested  parts  of  the  food  do  not  pass  through  the  pylorus 
but  are  driven  back,  again  into  the  stomach.  The  churning  and  propulsive 
movements  usually  drive  the  fluid  part  of  the  contents  in  the  form  of  chyme, 
into  the  duodenum,  the  more  solid  parts  remaining  in  the  stomach  for  tin: 
further  action  oTThe  gastric  juice. _ Ihe  tood  substance  is  gradually  con- 
v eyed  to  the  clu deleft u mf  the  indigestible  elements  being  the  last  to  pass  from 
the  stomach.  Some  indigestible  elements  do  not  leave  the  stomach,  caus- 
ing the  disagreeable  feeling  in  the  stomach.  The  presence  of  the  food  does 
not  cause  the  movements  as  when  the  stomach  is  fullest  the  movements  are. 
at  the  lowest.  It  is  rather-aciditv  that  produces  the  movements  hy  siTmnta- 
tiqo..  These  movements  take  plate  at  intervals  of  15  minutes  until  the  food, 
is  all  digested  and  emptied  into  the  small  intestine.  The  nervous_  mechan- 
ism of  the  stomach  is  supplied  by  the  pneumogastric  and  The  splanchnic 
nerves,  Ifthe  sympathetic  is  stimnlated~tlTere  do  not  result  any  mo 
merits.  If,  on  the  other  hand,  the  pneumogastric  is  stimulated,  active  move- 
ments occur  in  the  cardiac  portion,,  particularly  if  the  stomach  is  dilated.  If 
the  sympathetic  or  pneumogastric^  be  divided  these  movements  are  not 
suspended,  indicating  that  the  ganglia  which  are  .found  in  the  plexuses  of 
the  abdominal  walls  act  as  centers  of  activity  even  after  separation  from 
the  central  nervous  system.  If  the  splanchnic's.,  are  stimulated  these  com 
tractions  cease,  their  action  being  inhibitory,  stimulation  producing  djlata- 
tion  of  the  contracted  stomach  and  relaxation  of  the  sphincters,  the  vagi 
nerves  in  connection  with  the  sphincter’ causing  the. contraction.  Thi^s,  thg 
movements  in  the  <stnmarh  walk-  are  Hue  to  locril  influences  arising  from 
impulses  sent  out  from  the  ganglionic  centers.  Impulses  conveyed  along 
the  pneumogastric  excite  these  movements-  to  become  more  vigorous 
whereas,  impulses  conveyed  along  the  splanchnic  sympathetics  exercise  the 
inhibitory  force.  Recent  experiments  indicate  that  there  are.  also,  inhibitory 
fibers  in  the  vagus  and  the  sciatic  nerves.  The  stimulation  of  the  central 
ends  of  these  nerves  inhibiting  the  tonus  of  the  stomach.  These  movements 
under  impulses  are  regulative  as  we  have  seen  that  the  stomach  movements 
are  almost  purely  muscular. 

Ifthe  stomach  is  subjected  to  a shock.produced  either  by  striking  with 
a flat  instrument,  or  by  the  applications  of  induction  shocks,  there  will  aiise 
certain  contractile  movements.  These  movements  as  undulations  being 
transmitted  along  the  abdominal  walls.  The  stomach  movements  thus  do 
not  depend  upon  the  connection  of  the  stomach  with  the  central  nervous 
System . iFthe  extrinsic  nerves  are  divided  even,  after  the  removal  ot  the 
stomach  from  the  body,  these  movements  continue,  provided  the  tempera- 
ture  and  moisture  are  sustained.  This  indicates  that  the  stomach  acts  auto- 
matically, that  is,  independently  of  the  nervous  stimulation.  The  move- 
ments are  like  the  heart  movements,  that  is,  muscular.  The__antium  pylopi 
seerns_to  be  the  chief  cause  of  the  movements  of  the  stomach,  01  iginating 
both  thTnvTnriTS  tfl'<W£fflerits  that  d'Hve  tne_iood  contents  from  tne  stomach 
ancTThe  movements  that  keep  the  contents  in  motion  in  the  stomach. 
A ccordTng TiTs dm e r t h e r e ate  no  niqvehiCTlTS  TTTTITJr  fuiklfc  end.  the  fundus 
remaining  in  a normal  tonic  condition.  According  to  others. .the  contrac- 
tions begin  at  the  cardiac  end  and  continue  toward  the  pyloric  end.  1ms 
latter  seems  to  be  the  more  correct  opinion.  The  movements  begin  at  the 
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ardiac  end,  which  at  first  are  quite  feeble  caused,  by  the  contraction  ot  the 
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-circular  fibers,  the  wave  thus  originated  passing  towards  the  pyloric  end 
wlfhTn creasing,  for.ce.  When  the  wave  reaches  the  parietal  region  it  comes 
to  a stop.  Following  this  there  is  a contraction  of.  the  entire  pyloric  end 
which  drives  the  liquid  part  of  the  contents  through  the  fundus,,  an  anti-per- 
istaltic  wave,  being  originated  that  returns  the  larger  solid  elements  to  the 
stomach  again.  There  are  thus  two  characteristic  forms  of  movements.  (1) 

The  weak  peristalsis  of  the  fundus,  pushing  the  contents  toward  the  antrum 
and  ( 2 dTX  the’ strong  contraction  of  the  sphincter  pylori,  accompanied  by  a 
strong  stimulation  of  the  entire  antrum,  both  circular  and  longitudinal. 
These  combined  phases  of  movements  would  keep  up  a constant  motion  of 
the  contents  of  the  stomach* toward  the  pyloric  end.  From  this  it  will  be 
seen  that  the  fundic  portion  of  the  stomach  is  largely  a reservoir  for  holding 
the  contents, .while  the  pylorus  is  the  part  of  the  stomach  that  through  its 
muscles  produces  the  stomach  movements.  The  two  parts  of  the  stomach, 
therefore,  have  different  and  independent  functions.  This  is  of  great  advan- 
tage to  the  digestive  process,  as  the  large  cavity  represented  by  the  fundus 
can  hold  the  food,  while  gradually  the  food  subjected  to  digestion,  is  sent 
down  to  the  intestine  through  the  pylorus.  It  not  only  assists  digestion 
but  protects  the  intestines  from  congestion  so  that  ..the  digestive  process  is 
completed. 

Vomiting.  This  is  intimately  connected  with  these  digestive  move- 
ments that  we  have  just  explained, and  hence,  may  conveniently  be  discussed- 
in  this  part  of  Physiology.  The  act  of  voniiling-is.  due  to  the  direct  or  in- 
direct stimulation  of  the  center  situated  in  the  medulla.  It  may  be  pro- 
duced, 1st.  By  the  stimulation  of  afferent  nerves  of  the  gastric  mucous 
membrane.  For  example,  the  introduction  into  the  stomach  of  some  irri- 
tant such  as  mustard,  sulphate  of  copper,  bile  and  undigested  food.  These 
substances  either  act  directly  upon  the  mucosa  of  the  stomach  or  after  ab- 
sorption into  the  blood  by  influencing  the  reflex  centers  connected  with 
the  stomach  movements.  2d.  By  substances  introduced  into  the  blood 
and  acting  upon  it  or  else  absorbed  into  the  blood  through  the  skin.  For 
example,  the  injection  of  tarter  emetic  into  the  blood.  3d.  Irritations  of 
other  organs  affecting  the  stomach  reflexly  through  the  centers  of  reflex  7 
action.  Por  example,  tumors  in  the  abdomen,  certain  conditions  of  preg- 
nancy, gall  stones,  calculi,  etc.  4th.  Impressions  reaching  this  center  from 
the  higher  centers  depending  upon  the  psychic  action,  for  example,  arising 
from  feelings,  emotions,  tastes,  odors,  etc.  Sea  sickness  falls  under  this 
head,  arising  not  from  the  food  in  the  stomach  but  from  a disturbance  of 
the  feeling  of  equilibrium  in  the  bodily  system,  particularly  in  the  stomach. 

5th.  "Vomiting  may  arise  from  the  reflex  action  pjpduced  by  inflammations. 

For  example,  in  acute  meningitis.  From  the  center  in  the  medulla  when  it 
is  stimulated  a series  of  complicated  efferent  impulses  pass.  Some  of  these 
travel  along  the  vagi  aad  cause  contraction  of  the  walls  of  the  stomach  and 
the  abdominal  muscles.  I here  are  several  characteristic  stages  of  vomiting 
in  the  conscious  individual. 

1st.  Nausea^  Vomiting  is  usually  preceded  by  a nauseous  feeling  ac- 
companied by  a salival  flow  and  the  swallowing  of  some  air  which  assists  in 
the  opening  of  the  cardiac  orifice  to  prepare  for  the  discharge  of  the  con- 
tents. 2d.  Accompanying  this  is  a deep  inspiration  by  which  the  dia- 
phragm is  pushed  down,  the  lungs  being  full  of  air,  the  diaphragm  forming, 
thus,  a solid  base  against  which  the  stomach  can  be  compressed.  Accom- 
panying this  there  is  a contraction  of  the  lo\ver  ribs,  and  the  air  does  not 
enter  the  lungs  as  the  glottis  is  closed,  some  air  passing  into  the  pharynx 
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and  to  the  stomach.  Sometimes  this  compression  causes  the_ejection  of  a 
quantity,  of  .gas.  Associated  with  this  is  sometimes  a retching  accompanied 
Avith  a deep  inspiration.  3d.  Immediately  thereafter  the  fibers  of  the  oesoph- 
agus contract  longitudinally  and  are  shortened,  the' open i n g o f th e car- 
diac orifice  which  Is  close  under  the  diaphragm  then  takes  place,  in  connec- 
tion with  the  inhibition  of  the  sphincter,  and  the  constriction  of  those  fibers 
ranging  from  the  oesophagus  to  the  stomach.  (4)  The  albdominal I mus- 
cles  and  the  gastric  walls  contract,  the  contents  of  the  stomach  being  forced 
into  the'  oeso~phagus  along  wElcfTthey  are  carried  into  the  pharynx  by  anti- 
peristaltic  action  and  ejected  through  the  IrTbuth,  the  openings  into  the 
laryn^u  and  the  nasal  cavity  being  closed  as  in  deglutition,  although  some- 
times they  remain  open  and  matters  are  forced  out  through  the  nasal  open- 
ing. When  vomiting  becomes  violent  the  stomach  is  violently  pressed 
against  the  diaphragm  and  the  vertebrae,  the  abdominal  muscles  contracting 
powerfully,  following  this  vomiting  there  is  a deep  expiration  resulting  in 
abdominal  contraction,  all  the  strength  of  the  muscles  being  exhausted  in 
the  expulsion  of  the- contents  of  the  stomach.  The  involves  a compression 
from  the  outside  of  the  stomach.  There  are  two  marked  actions  in  vomit- 
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1st,  the  distension  of  the  cardiac  opening  and  2d,  the  compression  of 
the  walls  of  the  abdomen,  both  of  these  being  necessary  in  order  that  the 
action  may  be  affected.  Sometimes  the  former  takes  place  as  poisoning  by 
curare,  in  which  case  there  is  simply  an  internal  stomach  pressure,  resulting 
in  the  emission  of  the  gas.  What  is  commonly  called  water^Brash  or  heart  - 
burn  is  probably  due  to  this  internal  m.QA-^jxLanJ-_of  the  abdomen.  Eructa- 
tion  of  wind  consists  of  a sudden  forcing  of  gas  out  of  the  stomach  produc- 
ing a sound  which  is  very  characteristic  in  the  upper  part  of  the  oesophagus. 
During  vomiting  the  pyloric  orifice  is  closed  so.  that  the  contents  do  not 
pass  into  the  duodenum.  If  the  gall  bladder  is  well  filled  there  is  a flow  of 
bile  to  the  duodenum  along  with  the  vomitings  In  some  cases  this  bile 
passes  to  the  stomach,  as  in  the  case  of  bilious  vomiting.  The  nervous  ar- 
rangements of  vomiting  are  obscure.  The  center  is  in  the  medulla  in  con- 
nection w i thhth e_de ep  ori g i n of  the  glosso-pharvngeal  and  pneumogastric 
nerves^  There  is  readEHib  special  center.  The  reflex.  how^ygSr*a4ies~pIace 
in  connection  with  the  medulla,  But  the  ppsrlesare  those  en 

gaged  in  ~the=l!fCt  of  vomiting.  Vomiting  consists  of  spasmodic  actions  of 
the  expiratory  and  the  inspiratory  muscles?  borne  have  conducted  that  the 
"cenler  15  tfl&same  as  tnat  ot  respiration.  This  however  lacks  confirmation. 
In  addition  to  this  there  is  evidence  that  if  the  medulla  is  divided  so  as  to 
suspend  vomiting,  respiration  continues.  Efferent  impulses  causing  the 
deep  expiration  must  come  fiom  the  respiratory  center.  The  distension  of 
the  cardiac  opening  is  produced  by  stimulation  passing  along  the  pneumo- 
gastrics,  because  if  these  are  divided  vomiting  is  prevented  or 
rendered  almost  impossible  through  lack  of  dilatation  of  the  orifice.  The 
internal  stomachic  movements  and  the  movements  of  the  oesophagus  are 
carried  out  under  the  influence  of  the  glosso-pharvngeal  and  the,  sympa_- 
thelic  nerves.  The  salival  (low  in  connection  with  the  nausea  arises  from 
impulses  passing  along  the  chorda  tympani.  These  various  mechanisms  are 
brought  into  activity  by  the  stimulation  of  different  centers,  impulses  being  pas- 
sed from  one  center  to  another,  thus  interfering  with  the  rhythm  oi  the  move- 
ments in  the  stomach.  Vomiting  is,  therefore,  a reflex  action,  the  impulses 
usually  passing  along  the  splanchnic  and  pneumogastric  nerves.  This  does 
not  prevent  direct  action  upon  the  centers  as  in  abnormal  conditions  of  the 
medulla  resulting  in  cerebral  vomiting  and  in  some  cases  ot  poisoning  as 
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well  as  under  the  influences  arising  from  the  higher  centers  that  depend- 
upon  emotions.  Irritations  in  vomiting  may  give  rise  to  stomach  move- 
ments, the  movements  of  the  abdominal  muscles  and  the  respiratory  move- 
ments. Those  interferences  with  normal  movements  take  place  by  the 
radiation  of  impulses  from  center  to  center.  Vomiting  is  thus  a reflex  ac- 
tion resulting  either  from  sensory  stimulation  or  from  injury  to  the  nervous 
system.  Injuries  of  the  brain  cause  cerebral  vomiting.  The  most  regular 
cause,  however,  is  the.  stimulation  of  the  mucous  membrane  of  the  stomach 
the  afferent  path  being  along  the  pneunjogastric  and  the  efferent  path  being 
found  in  the  motor  fibers  of  the  vagus,  phrenics  and  spinal  nerves. 

SECTION  VIII.  (2)  The  Gastric  Juice. 


When  food  reaches  the  stomach  it  is  brought  into  contact  with  the  gas- 
tric secretion  which  begins  as  soon  as  the  food  enters  the  stomach,  The 
gastric  juice  is  easily  obtainable  for  experimental  purposes  but  it  is  difficult 
to  determine  the  normal  characteristics  of  the  fluid  in  the  stomach.  Bv 
causing  an  animal  to  swallow  a sponge  the  sponge  can  be  withdrawn  and 
the  juice  squeezed  out.  In  the  famous  case  of  St.  Martin,  who  by  a shot 
was  wounded  in  the  abdomen,  there  was  a fistulous  opening  existing  in  the 
abdomen  wall  and  the  stomach  wall  so  that  the  contents  of  the  stomach, 
could  be  easily  examined.  The  most  easy  method  is  by  means  of  the  gas- 
tric fistula  through  the  abdominal  walls  introduced  into  the  stomach.  Inves- 
tigations have  been  made  in  connection  with  the  production  of  artificial' 
gastric  juice  secured  by  the  use  of  alcohol  in  connection  with  the  mucous 
membrane  of  the  stomach,  afterwards  using  glycerine  and  hydrochloric 
acid.  These,  however,  only  represent  in  a general  way  the  gastric  juice  as 
normally  it  is  complicated  by  mixture  with  the  food,  "fluids,  etc  When  it 
is  secured  in  purity  it  is  a thin,  clear,  colorless  fluid  with  a sour  odor  and 
■taste,  the;reaction  being  distinctly  acid,  arising  from  free  hydrochloric  acid 
to  the  extent  of  about  1-10  to  2-10  per  cent.  Its  specific  gravity  in  the 
human  subject  is  about  1.001  tojTX).3.  On  microscopic  examination  it  does 
not  present  any  well  marked  characteristics.  In  the  human  gastric  juice 
the  amount  of  solid  matter  is  very  small,  about  .5.  Of  this  solid  matter  the 
greater  proportion  is  found  to  be  salts,  especially  the  chlorides  about  .2  pif 
cent,  and  small  quantities  of  phosphates  with  small  traces  of  iron  There  is 
always  a free  acid,  hydrochloric  acid,  together  with  lactic  acid  and  other 
acids  which  are  secondary,  the  result  of  fermentation  changes  in  the  food 
there  is  a small  quantity  of  albumin,  some  mucin  and  a ferment  pepsin 
which  can  be  extracted  from  the  gastric  mucous  membrane  bv  glyceride 
and  which  when  dried  appears  as  a grayish  white  powder,  slightly  soluble  in 
water.  I his  pfimqn  in  combination  with  hydrochloric  acid  has 'the  power 
of  converting  ordinary  proteid  substances  into  peptones  which  differ  from 
the  ordinary  proteid  snbstances  as  follows: 

1st.  Their  solutions  are  not  .coagulated  by  heat  or  by  alcohol  ■ When 
boiled  no  coagulation  takes  place  but  the  digestive  character  is  destroyed 
2d  I hey  have  the  power  of  passing  with  considerable  ease  through  ani- 
mal membranes.  3d.  rhey  are  easily  dissolved  in  water.  4th.  Mineral 
acids,  acetic  acid  and  sueffiother  acids  do  not  precipitate  the  solution  cth 
T tannic  acid,  corrosive  sublimate,  do  cause  precipitation.  6th.' 

in  qokl  hey  yield  a purple  red  color  when  added  to  an  alkaline  solution  of 
hydrated  capnc  acid.  7th.  In  dry  powder  dried  at  105°  C it  is  of  a bright 
yellow  coloi , the  powder  freely  absorbing  water  from  the  air.  Besides  pep- 
sin the  gastric  juice  contains  another  ferment  which,  as  it  has  the  power  of 
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with  the  stomach’s 
presence  of  acid 


curdling  milk,  is  called  the  renin  ferment  changing  milk  sugar  into 
lactic  acicL,  The  gastric  juice  freely  dissolves  coagulated  proteids  which 
seem  to  be  almost  insoluble.  There  are  supposed  to  be  several  kinds  of 
peptones  in  connection  with  the  gastric  juice.  These  all  differ  from  album- 
osein  the  fact  that  peptone  is  diffusable,  whereas,  albumose  is  not,  andapep- 
tone  cannot  be  precipitated  by  sulphate  ammonium  like  albumose.  The 
gastric  juice  changes  the  less  soluble  proteid  into  a soluble  form  being 
either  converted  into  peptone  which  is  the  most  soluble  form  of  the  pro- 
teids or  else  being  left  in  the  less  soluble  form  of  para-peptone.  Gastric 
juice  resists  putrefaction  even  after  being  kept  for  months.  It  does  not  be- 
come 'putrla  and  it  does  not  lose  its  digestive  or  acid  character.  This 
makes  this  juice  antiseptic.  This  conversion  of  proteids  into  the  peptones 
is  facilitated.  1st.  By  a medium  temperature  from  qq  to  40° C.  2d.  By 
certain  mevements  such  as  we~find  in  connection  ~ 

constant  movements,  favoring  digestion.  The  

below  or  beyond  the.  normal  percentage.  .2  per  cent  of  hydrochloric  acid,  re- 
tards the  action  of  the  juice;  the  making  of  the  juice  alkaline  and  a temper- 
ature below  50°C  or  above  6o°C  andThe  presence  of  concentrated  digestive 
product  retards,  or  arrest  the  changes  in  connection  with  gastric  juice.  The 
blood  is  conveyed  to  the  fundus  and  the  pyloric  glands  the  fluid  being 
poured  from  the  capillaries  so  as  to  suffuse  the  membrane,  the  plasmic  fluid 
being  secreted  in  the  cells  of  the  glands  as  the  elements  out  of  whj.cn  the 
juice  is  formed.  In  the  glands  of  the  plyorus  the  pepsin  is  formed.  When 
the  stomach  is  inactive,  the  marginal  glandular  cells  decrease  in  number. 
When. food  is  introduced  into  the  stomach  the  principal  cells  decrease,  pro- 
ducing large  numbers  of  marginal  cells  in  which  the  hydrochloric  acid  is 
formed,  whereas  the_pepsin  if  found  secreted  in  th_e.pt-incj^al  cells  in  con- 
nection’with  the  fundus  and  pyloric  glands. 

Ideidenhain  separated  a part  of  the  fundus  in  the  dog  from  the  rest  of 
the  stomach  without  interfering  with  the  vascular  connections.  This  part 
of  the  fundus  he  formed  into  a sac  by  stitching;  he  formed  in  the  same  way 
a pyloric  sac.  The  fundic  sac  secreted  the  fluid  containing  pepsin  and  hy- 
drocloric  acid,  while  the  pyloric  sac  contained  a viscous  alkaline  secretion 
containing  pepsin.  He  concluded  that  as  marginal  cells  are  found  only  in 
the  fundus  they  secrete  hydrochloric  acid  and  as  the  principal  cells  are  found 
both  in  the  fundus  and  the  pylorus  he  concluded  that  they  secreted  pepsin. 
The  hydrochloric  acid  is  formed  out  of  the  blood.  It  is  difficult  ho\y  to  ex- 
plain how  the  alkaline  blood  produces  free  hydrocloric , acid.  It  is  sup- 
posed that  lactic  acid  is  first  formed  by  means  of  the  .ferment,  thc.acid  set- 
tin"  free  chlorine  from  the  sodium  chloride,  the  chlorine  being  combined 
with  the  hydrogen  to  form  hydrochloric  acid.  CO2  is  the  only  acid  in  the 
blood  and  it  is  said  that  chlorides  are  decomposed  by  its  action.  This, 
however,  is  impossible.  Others  suppose  it  due  to  certain  currents  passing 
through  the  mucous  membrane  producing  reaction  in  the  carbonate  of  so- 
dium and  the  sodium  chloride  of  the  blood.  At  one  time  it  was  supposed 

to  be  due  to  the  lactic  acid  alone.  . . t , , .. 

Schmidt  then  showed  that  if  the  chlorides  were  precipitated  by  silver 
nitratemore  chlorine  would  be  found  than  could  be  held  in  combination 
with  the  gastric  bases.  The  lactic  acid,  however,  may  and  often  does  exist 
in  the  juices  The  lactic  acid  is  explained  as  arising  from  fermentation  ot 
the  carbohydrates.  The  gastric  juice  is  the  only  secretion  containing  a free 
acid.  Various  attempts  have  been  made  by  injecting  coloring  reactions 
into  the  blood  to  locate  the. secretion  of  the  acid,  but  so  far  without  success 
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unless  to  the  extent  of  proving'that  the  acid  is  formed  in  the  mucous  mem- 
brane. As  no  free  acid  exists  in  the  blood  it  must  be  formed  in  connection 
with  the  cells.  It  is  supposed  by  some  that  the  hydrochloric  acid  is  held  in 
combination  with  some  of  the  proteids  of  the  secretion,  the  result  being 
that  the  acid  is  not  so  easily  distilled  ordyalized  as  in  its  free  condition.  In 
proof  of  this  it  is  stated  that  the  para-peptones  and  the  peptones  very  free- 
ly combine  with  the  acid.  A more  probable  explanation  is  that  it  arises  in 
the  molecular  dissolution  and  of  the  chlorides  accomplished  by  the  proto- 
plasmic action  of  CO,  . The  liberated  base  in*  this  case  is  excreted  by 
means  of  the  kidneys, the  urine  acidity  being  inversely  in  proportion  to  that 
of  the  stomach.  In  the  principal  cells  there  is  found  certain  matter  which, 
under  the  influence  of  hydrochloric  acid  produces  pepsin,  the  albumen  being 
converted  into  peptones.  Thus  the  matter  inside  the  cells  contains  sub- 
stances which  can  produce  pepsin,  and"  hence  this  internal  substance  _is 
called  pepsinogen.  This  pepsinogen  is  supposed  to  be  in  union  with  a pro- 
teid  and  it  is  supposed  that  the  union  is  broken  up  by  the  use  of  acid.  If 
both  pepsin  and  pepsinogen  are  found  in  the  same  fluid,  a one  per  cent  solu- 
tion of  sodium  carbonate  will  destroy  more  pepsin  than  pepsinogen  and 
CO,  will  destroy  more  pepsinogen  than  pepsin.  If  all  the  pepsin  is  re- 
moved from  the  stomach  by  a glycerin  solution  then  more  pepsin  can  be 
obtained  by  the  hydrochloric  acid  or  sodium  chloride  solutions. 

The  pepsin  found  in  the  gastric  juice  varies  according  to  the  stages  of 
the  digestive  process,  being  smallest  about  the  second  hour  and  greatest 
about  the  fifth  hour,  after  which  it  falls  to  about  the  normal.  There  is  no 
pepsin  found  in  the  mucus  of  the  foetal  stomach  during  foetaTHTTeHjT- 
thbtrgh ' it  is  jlaid  that~just  belore  birth  the  stomach  assumes  the* digestive 
R&iy£is,  The  gastric  juice  in  digestion  seems  to  act  as'a.  ferment,  this  fer- 
ment being  the  pepsin.  It  is  not  inself  a proteid ; it  differs  from  ptyalin, 
the  salival  ferment  in  this,  that  pepsin  has  a close  affinity  for  acid,  whereas, 
ptyalin  is  most  active  in  a neutral  solution.  In  the  case  of  pepsin  united 
with  hydrochloric  acid  we  have  a compound  pepto- hydrochloric  Pepsin  is 
a proteolytic  enzyme  which  acts  only  in  an  acid  fluid.  Hence,  the  digestion 
in  the  stomach  is  the  result  of  the  union  of  pepsin  and  hydrochloric  acid. 
A low  temperature  hinders  its  action  and  may  arrest  its  activity;  the  higher 
temperature  increases  its  action.  The  normal  temperature  is  about  350  to 
4p°C.  If  the  temperature  is  raised  to  70°  or  8o°C  it  destroys  the  pepsin, 
lhe  amount  of  pepsin  in  the  gastric  fluid  varies  from  .2  to  1,5  per  cent. 

I epsin  is  freely  given  up  to  glycerine.  If  the  mucous  membrane  of  the 
stomach  is  divided  into  small  pieces  and  steeped  in  alcohol  for  a day,  then 
removed  from  the  alcohol  and  put  into  a strong  glycerine  solution  in  which 
it  is  allowed  to  remain  from  10  to  21  days,  after  which  the  fluid  is  strained, 
this  gives  us  the  glycerine  extract  of  the  mucous  membrane  which  is  found 
tc?  bc  vuer>f  puptic-  It  may  also  be  obtained  by  pouring  a 5 per  cent  solution  of 
phosphoric  acid  and  later  some  lime  water  on  the  mucous  membrane.  Phos- 
p ate  of  lime  precipitates  pepsin.  If  the  precipitation  is  collected  and 
washed  with  water  then  dissolved  in  a .5  per  cent  hydrochloric  acid  solu- 
tion a solution  of  cholesterin,  alcohol  and  ether  produces  a precipitate  of 
cholesterin  and  pepsin.  By  the  use  of  ether  the  cholesterin  is  dissolved  and 
tnere  is  left  a fluid  solution  of  pepsin.  The  gastric  juice  on  analysis  yields 
in  !,ooo  parts,  according  to  Schmidt  994.4  parts  of  water;  3.19  of  pepsin  and 
othei  organic  matter;  1.46  sodium  chloride;  .55  potassium  chloride;  .06 
a cium  c oride,  .2  acid  and  .12  phosphate  oi  lime,  magnesia  and  iron. 
Artificial  digestion  may  be  carried  on  at  a temperature  of  350  or  40°C.  Be- 
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low  this  the  process  becomes  slow  and  at  4°C  it  is  arrested.  In  addition  to 
the  pepsin  there  is  usually  present  the  rennin  ferment  and  the  lactic  acid 
ferment  which  converts  sugar  into  lactic  acid.  Syntonin  is  forme3~duHng 
the,  first  part  of  the  process.  By  the  use  of  an  alkali  this  may  be'  precjpi- 
tated,  a part  of  the  proteid  substance  being  left  in  the  neutral  fluid,  this 
substance  being  peptone.  In  addition  to  this  there  is  formed  the  parapep- 
tone,  an  albuminous  substance  soluble  in  water  and  may  be  precipitated  by 
nitric  acid.  If  heat  is  applied  to  the  precipitate  it  dissolves  but  it  may  be 
precipitated  again  by  cold.  In  the  first  stage  of  the  digestive  process  a 
large  proportion  of  the  para-peptone  or  pro-peptone  is  found  and  a small 
quantity  of  peptone.  As  the  digestive  process  goes  on,  the  peptone  in- 
creases and  the  para-peptone  decreases  until  at  the  close  of  the  digestive 
process  very  small  traces  of  the  para-peptones  are  left  with  a large  quantity 
of  peptone.  In  the  process  of  digestion  a number  of  intermediate  sub- 
stances are  formed,  called  by  Halliburton,  proteoses,  these  different  sub- 
stances representing  the  different  stages  In  the  development  of  peptones, 
all  of  them  being  albumose  in  character.  All  these  albumoses  are  precipi- 
tated  by  ammonium  sulphate.  Kuhne  says  that  the'^roteids  "divide  up  into 
anti-peptone  and  hemi-peptone  bodies;  the  anti-peptone  being  divided  later 
under  the.  actiomof.tripsjnjn  th ejgancreat i c jy i c.q  j nto..JLe.ucin  audJxyosiix. 
To  discover  the  presence  of  pepsin  in  a fluid,  acetic  acid  must  be  first  added,, 
then  the  substances  must  be  saturated  with  ammonium  sulphate  and  then 
filtered.  This  is  then  treated  with  strong  hydroxide  and  a very  small  quan- 
tity of  cupric  sulphate  dilution.  There  will  be  a red  colored  reaction  if 
there  is  peptone  present  and  a blue  colored  reaction  if  there  is  no  peptone 
present.  When  the  proteid  is  acted  on,  according  to  Kuhne  it  is  converted 
into  the  syntonin  which  is  the  characteristic  peptone  of  the  acid  albumin. 
If  the  liquid  ij> neutralized  syntonin  will  be  formed  chiefly  due  to  the 
presence  of  hydrochloric  acid.  The^syntonin  i.sd.hut,  Ixvdxatcd  under  the 
pepsin  influence  the  dissolution  forming  the  proteoses,,  proto-  and  hetesfl! 

Each  of  these  substances  changes  again  under  the  influence  of 


hydration,  forming  secondary  protoeses,  these  secondary  proteoses  being 
again  changed  in  the  formation  of  peptones.  Here  the  digestive  action  of 
the  gastric  juice  ceases,  although  the  peptones  may  be  still  farther  changed 
under  the  influence  of  the  tripsin  ferment.  All  of  the  stages  after  the  de- 
velopment of  syntonin  are  hydrolytic  stages  according  to  which  dissolution 
takes  place  of  the  proteids  into  smaller  bodies,  these  representing  the  pro- 
teoses and  peptones.  Formerly  all  the  products  of  digestion  follow  ing  the 
syntonin  wrere  called  peptones,  but  now,  under  the  influence  of  Kuhne  s ex- 
periments the  peptones  are  taken  to  represent  the  final  products  of  the  di- 
gestive action,  the  test  of  the  peptone  being  the  absence  of  precipitation 
under  the  influence  of  ammonium  sulphate.  The_.p£-pt ones  jue  aUjujninflus. 
It  is  supposed  that  they  are  formed  by  hydration  an  atom  of  albumin  being 
united  u'ith  a drop  of  water.  This  is  proved  by  introducing  acetic  acid  into 
the  pepsin  and  thus  dehydrating  the  molecules  by  removing  the  water  and 
thus  converting  the  peptones  into  the  albumin.  By  the  action  of  a .4  per 
cent  solution  of  hydrochloric  acid  at  a temperature  of  from  40  to  bo  L 
peptones  may  be  produced.  If  albuminous  substances  are  boiled  tor  a long 
time  peptones  will  also  be  formed.  This  production  of  peptone  is  slow, 

whereas,  by  the  action  of  pepsin  the  formation  of  peptone  is  rapid.  1 he 

hydrochloric  acid  may  be  replaced  by  lactic  acid,  phosphoric  acid,  oxalic 
acid  and  succinic  acid.  The  digestive  process  is  influenced,  first  by  gastric 
secretion  which  goes  on  durmgTbe  fentTte  digestive  process,  JidTood  bung 
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mixed  with  fluid  in  connection  with  the  pepsin  and  hydrochloric  acid  so  as 
to  produce  the  proper  mixture  and  dilution  of  the  food.  2d.  When  the 
peptones  are  formed  during  digestion  they  are  absorbed  into  the  blood 
through  the  blood  vessels  together  with  water,  the  remnants  being  passed 
into  the  small  intestine.  3d.  The  stomach  movements  facilitate  digestion 
by  introducing  the  food  contents  into  the  different  parts  of  the  mucous 
membrane  of  the  stomach  and  thus  bringing  them  into  contact  with  the 
gastric  juice.  4th.  Albumin  will  be  readily  transformed  into  peptone  at 
40°C,  being  stopped  below  50  and  above  6o°C.  5th.  The  pepsin  is 
quickly  destroyed  by  the  action  of  alkalies,  its  action  is  also 
hindered  by  the  metallic  salts,  sulphurous  and  arsenious  acids,  large 
quantities  of  cold  water  and  the  presence  of  a large  quantity  of  the  peptone 
itself.  A small  quantity  of  salt  favors  the  process  of  peptone  formation. 
When  the  stomach  is  empty  its  mucous  membrane  is  of  a pale  greyish  color 
and  covered  with  a thin  layer  of  mucous.  The  introduction  of  any  sub- 
stance, more  especially  food,  leads  very  promptly,  to  the  dilatation  of  the 
blood  vessels  of  the  mucous  membrane,  which  consequently  becomes  red  in 
color  and  also  leads  to  the  copions  secretion  of  the  gastric  juice.  The  gas- 
tricf  secretion  may  be  produced  by  the  feelings  or  emotions  through  connec- 
tion with  the  higher  centers  in  the  brain.  The  dilatation  of  the  blood  vessels 
and  the  consequent  secretion  of  the  gastric  juice  is  a reflex  action  similar  to 
that  which  produces  the  flow  of  saliva. 

If  the  vagi  are  divided  during  the  digestive  process  the  mucous  coat 
becomes  pale  and  stimulation  applied  to  the  central  end  of  the  divided 
nerve  produces  the  dilatation  of  the  vessels  in  the  membrane.  Afferent 
impulses,  therefore  pass  from  the  gastric  mucous  membrane  along  the  vagi 
to  a center  in  the  medulla,  inhibiting  the  action  of  the  vaso-motor  center 
governing  that  region,  resulting  in  diminished  nervous  impulses  to  the 
stomach  blood  vessels,  producing  dilatation.  Efferent  impulses  pass  along 
the  fibers  of  the  sympathetic  to  the  ganglia  in  the  walls  of  the  stomach. 
These  ganglia  exert  a local  influence  upon  the  calibre  of  the  blood  ves- 
sels and  perhaps  also  the  activity  of  the  corpuscles  in  the  gastric  juice.  Sen- 
soryimpulses  may  also  arise  in  connection  with  the  mucous  lining  of  the  mouth 
by  the  stimulation  of  food.  Thus  any  substances  or  acid  in  the  mouth  pro- 
duces gastric  secretion.  Local  centers  seem  to  exist  in  the  stomach,  influ- 
encing the  blood  vessels  and  the  secreting.  By  the  general  influences  of 
temperature,  the  stomach  movements  and  the  direct  action  of  the  gastric 
juice,  the  food  contents  become  so  changed  as  to  be  prepared  for  absorption. 
The  result  of  these  influences  on  the  food  is  to  form  a semi-fluid,  hetero- 
geneous mass,  the  chyme.  This  has  an  acid  reaction  with  an  acid  odor  and 
differs  in  color  according  to  the  character  of  the  food.  It  consists  of  water, 
salts  and  sugar  converted  out  of  starch  by  the  salival  action,  the  rem- 
nants of  starch  left  over  from  the  salival  process,  fatty  substanqes  which 
have  been  dissociated  from  the  food  or  liberated  from  the  animal  cells, 
albumin  in  the  various  stages  of  development  into  the  peptones  and  the 
undigested  and  the  indigestible  matters  left  over  after  the  action  of  the 
digestive  juice.  There ~arFTwd~ stages.  thus,  in  the  digestive  prnrp^  in 
nection_with  the  gastric  juice.  1st.  A jhort  period  during  which  the  saliva 
acts  upon  the  starch  found  in  the  stomach  in  fermentation,  and  2d.  A 
longer  period  during  which  the  peptones  are  developed  under  the  action  of 
gastric  juice.  The  first  stage  depends  upon  the  acidity  of  the  juice;  if  the 
juice  becomes  acid  to  the  extent  of  .5  per  cent  then  the  salival  fermentation 
ceases,  this  acidity  of  the  gastric  juice' retarding  butyric  fermentation,  and 
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lessening  the  amount  of  hydrogen  in  the  stomach.  There  is  found  in  the 
"stoHniulF,  always" Certain  quantities  ot  gas,  either  from  the  air  taken  in  with 
the  food  or  the  air  generated  in  the  intestinal  organs.  The  O from  the  air 
taken  in  by  the  deglutition  becomes  quickly  absorbed  so  that  in  thestomach 
the  gas  is  deficient  in  O and  rich  in  CO2  . The  gastric  juice  acts  differently 
upon  the  different  food  substances.  Milk  becomes  rapidly  coagulated,  the 
saccharine  and  salt  substances  found  in  solution  being  absorbed,  the  fattv 
substances  being  freed  from  the  milk  cells  and  the  casein  changed  into  pep- 
tone. The  coagulation  of  milk  is  produced  by  the  rennin  ferment,  this  fer- 
ment being  easily  destroyed  by  alkaline  solutions.  Milk  may  be  coagulated 
by  the  addition  of  gastric  juice.  If  the  gastric  juice  is  raised  to  6o°  C or 
above,  no  coagulation  takes  place.  The  rennin  is  very  powerful,  one  part 
coagulating  800,000  parts  of  milk.  The  milk  curdles  by  the  contact  with 
the  mucous  membrane.  When  a calf’s  stomach  is  dried  and  a rennet  is  pro- 
duced, it  coagulates  milk  very  rapidly.  This  is  due  to  the  existence  of  an 
enzyme  rennin  zymogen  which  exists  in  all  normal  stomachs.  The  rennin 
acts  upon  milk  proteids  or  casein,  changing  it  from  a soluble  to  an  insoluble 
curd.  There  must  be  present  lime  salts.  Casein  is  a nucleo-albumin 
which  under  the  influence  of  the  rennin  becomes  hydrated  and  is  divided 
into  two  simpler  bodies,  para-casein  and  whey:  The  para  casein  with  the 

lime  salts  form  the  curd  or  clot.  The  casein  may  also  be  curdle.dlby-  ejcces- 
sive  acid. 


If  the  milk  stands  for  a length  of  time,  lactic  acid  is  formed  under  the 
bacterial  action  upon  the  sugar,  producing  casein  in  the  coagulated  form. 
The  rennin  ferment  does  not  act  upon  any  other  substance  but  the  milk.  It 
is  important  in  connection  with  the  milk  because  of  the  nutritive  value  of 
casein.  After  the  casein  has  been  coagulated  it  is  acted  upon  by  pepsin  in 
the  format  ion  of  proteoses  and  peptones.  Gelatin  is  acted  upon  by  pepsin 
just  as  in  the  case  of  albumin.  In  the  formation  of  the  products  of  gastric 
digestion  in  connection  with  the  pepsin  there  are  formed  gelatoses  and 
gelatin  peptones.  When  the  gelatose  condition  is  reached  the  pepsin  is 
said  to  yield  to  the  tripsin  of  the  intestinal  juice  which  completes  the  pep- 
tone formation.  The  gastric  juice  does  not  act  directly  upon  the  carbo-hy- 
drates; hence,  it  does  not  act  upon  starch  There  is,  however  a partial 
digestion  of  the  carbohydrates  of  the  stomach  as  the  carbohydrate  food  is 
thoroughly  insalivated  but  it  is  subject  to  ptyalin  action  before  the  acidity 
of  the  stomach  becomes  complete.  This  however,  is  insufficient,  as  the 
acidity  becomes  so  great  as  to  destroy  the  ptyalin.  Gastric  juice  does  not 
act  upon  dextrose.  It  has  been  stated  that  cane  sugar  is  subject  to  the 
action  of  the  invertin  ferment  in  the  stomach,  being  transformed  into  dex- 
trin and  laevulos,  a process  that  is  completed  in  the  intestinal  digestion. 
In  a stomach  that  is  unhealthy,  where  much  mucus  exists  there  is  a free 
conversion  of  cane  sugar  to  dextrose.  The  gastric  juice  has  no  direct  action 
upon  the  fats.  There  is  no  splitting  or  emulsification  of  the  fats  in  the 
stomach.  The  fats,  howe\  er,  are  brought  under  the  influence  of  a higher 
temperature  that  is  sufficient  to  melt  them,  so  that  in  liquid  form  they 
become  mixed  with  the  solid  food  and  ready  for  easy  digestion  in  the  intes- 
tines. In  the  case  of  proteids  we  have  the  chief  action  ol  the  gastric  juice. 
Among  these  are  fibrin,  insoluble  in  water,  which  becomes  swollen  and  dis- 
solved under  the  gastric  juice,  forming  a clear  fluid  which  is  changed  into 
peptone.  Coagulated  albumin  insoluble  in  water  becomes  swollen  and 
gradually  breaks  up,  being  reduced  to  a soft  mass  which  becomes  peptone. 
Acid  albumin,  including  syntonin,  insoluble  in  water  and  soluble  in  dilute 


.205 


THE  GASTRIC  JUICE. 

acids  and  alkalies  becomes  converted  into  peptones.  Coagulated  proteids 
present  the  change  under  the  influence  of  temperature,  being  insoluble 
except  in  strong  acids.  Egg  albumin  coagulatesat  750  C.  The  gastric  juice 
very  rapidly  absorbs  these  coagulated  proteids  even  when  insoluble  by 
fluids. 

In  the  case  of  animal  muscles  a dissolution  takes  place  in  the  connect- 
ive tissue  between  the  fibers,  exposing  the  transverse  striae.  In  this  way  the 
fibers  are  broken  into  pieces  and  thus  dissolved  into  their  elementary  sub- 
stances. The  ligamentous,  tendinous  and  cartilaginous  tissues  dissolve 
more  slowly,  particularly  if  raw.  After  being  cooked  they  are  acted  upon 
very  much  like  gelatine.  The  gastric  juice  does  not  affect  the  corny  tissues, 
such  as  hair,  nails  and  skin.  The  elastic  tissues  may  be  dissolved  under 
lengthened  digestion  yielding  up  an  elastin  peptone.  The  red  corpuscles 
become  disintegrated,  the  haemoglobin  being  separated  into  haematin  and 
globulin  under  the  influence  of  the  gastric  juice,  the  globulin  being  trans- 
formed into  peptone.  Bones  are  not  dissolved  but  the  acid  of  the  gastric 
juice  extracts  some  of  the  salts  leaving  the  bone  in  a honey-combed  condi- 
tion. Vegetables  in  their  natural  condition  are  indigestible  because  of  the 
enclosure  of  the  substances  with  in  a cellulose  covering,  the  cellulose  be- 
ing unchanged  by  the  gastric  juice.  After  being  cooked  the  cellulose 
yields,  liberating  nutritive  elements  such  as  starch,  sugar,  etc.,  setting  them 
free  to  the  action  of  the  gastric  juice.  Some  of  the  salts  are  dissolved  in 
the  juice,  such  as  phosphates  of  lime  and  carbonates,  this  dissolution  yield- 
ing CO2  in  the  case  of  the  carbonates.  Bone  when  broken  up  yields  the 
salts,  the  organic  substances  yielding  gelatin  peptones.  Experiments  have 
been  made  to  test  the  rapidity  of  the  digestive  process.  In  artificial  diges- 
tion the  process  is  much  slower  than  it  is  normally  in  the  stomach.  The 
rate  of  digestive  action  depends  upon  the  food,  its  nature  and  also  upon  the 
division  that  takes  place  in  the  food,  so  that  if  the  division  is  increased  so 
as  to  increase  the  superficial  area  of  the  food  with  which  the  juice  comes 
into  contact  the  process  is  assisted.  Fluids  are  quickly  absorbed,  the  solids 
contained  in  the  fluids  being  concentrated  before  coming  into  contact  with 
the  gastric  juice.  The  solid  substances  of  food  are  normally  very  quickly 
subjected  to  digestion.  It  is  estimated  that  within  30  minutes  after  a meal 
is  taken  the  food  is  changed  into  chyme,  the  stomach  being  emptied  within 
two  or  three  hours.  Various  experiments  have  been  made  in  the  attempt 
to  discover  foods  easily  digested. 

Beaumont  found  that  tripe  and  rice  digest  in  one  hour;  eggs,  apples, 
trout,  fish,  salmon  and  venison  in  \.y2  hours;  milk,  barley,  liver,  fish  and 
tapioca  in  2 hours;  lamb,  pork  and  turkey  in  2 y2  hours;  mutton,  fowl  and 
beef  in  3 y2  hours  and  veal  in  4 hours.  This  doe§  not  indicate  the  nutritive 
value  of  the  foods,  because  rapid  digestion  does  not  always  indicate  that 
the  food  is  nutritious.  In  the  case  of  a dog  fed  upon  animal  food  it  has 
been  found  that  digestion  begins  immediately,  continues  active  during  the 
first  two  hours  then  gradually  diminishes  in  activity  until  the  12th  hour, 
when  the  digestive  action  is  completed.  When  the  food  passes  to  the 
stomach  there  is  a flow  of  gastric  juice,  the  flow  beginning  even  before  the 
food  reaches  the  stomach,  the  stomachic  movements  increasing  the  flow. 
As  digestion  progresses,  the  acidity  increases  also.  By  the  action  of  the 
gastric  juice,  there  is  a breaking  up  of  the  food  so  as  to  form  the  soluble 
chyme.  This  acid  chyme  consists  of  dissolved  proteids,  proteid  particles, 
fatty  particles  and  small  lumps  of  food  substances.  When  the  chyme  is  fil- 
tered so  as  to  remove  the  solids  from  the  fluid  it  is  found  to  contain  salts, 
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pepsin,  hydrochloric  acid,  sugar  peptones  and  para-peptones,  the  last  three 
varying  in  quantity.  As  digestion  proceeds  the  chyme  is  ejected  through  the 
pyloric  orifice  into  the  duodenum,  the  length  of  time  elapsing  before  this 
takes  place  depending  upon  the  nature  of  the  food,  whether  solid  or  liquid, 
and  also  upon  the  nature  of  the  solid  food.  The  normal  passage  from  the 
stomach  to  the  duodenum  in  the  human  subject  taking  place  from  I to  5 
hours  after  the  food  is  taken,  great  variation  being  found  in  the  nature  of 
the  change  taking  place  and  the  length  of  time  necessary  for  such  a change. 
Some  of  the  peptone  formed  becomes  absorbed  without  passing  into  the 
intestines.  In  the  passage  of  the  food  to  the  stomach  considerable  quan- 
tities of  air  pass  into  the  stomach.  Part  of  this  is  driven  out  in  the  form  of 
gas,  this  gas  consisting  mainly  of  nitrogen  and  C 02  , the  O being  absorbed 
in  the  stomach.  Some  of  the  C 02  is  diffused  from  the  blood  and  some 
arises  from  the  fermentation  changes  taking  place  in  the  stomach  and  in  the 
intestines. 

SECTION  IX.  Modifications  of  Digestion. 

The  question  is  asked  in  Physiology;  “why  does  the  stomach  not  digest 
itself?”  The  stomach  of  another  animal  will  be  readily  digested.  If  the 
animal  is  killed,  the  stomach,  itself,  may  be  subjected,  at  least  partially, 
to  digestion,  if  the  normal  body  heat  is  kept  up.  Even  in  the  living  subject 
if  the  circulation  is  cut  off  from  a portion  of  the  stomach,  as  in  the  case  of 
intra-vascular  blood  clotting,  or  ligaturing  the  blood  vessels,  the  gastric 
juice  will  attack  the  stomach  itself,  resulting  sometimes  in  perforation  of  the 
stomach.  The  stomach  of  another  animal  is  freely  digested  in  the  stomach 
under  the  influence  of  the  gastric  juice.  Some  have  suggested  that  the  vital 
principle  protects  all  the  living  organs,  such  as  the  stomach  and  the  small 
intestines,  from  the  action  of  their  own  secretion.  This  does  not  explain, 
however,  the  protection,  for  it  has  been  shown  that  the  leg  of  a living  frog 
may  be  introduced  into  the  stomach  through  a fistula  without  severing  its 
connection  with  the  living  body,  in  which  case  the  digestive  process  will  go  on. 
The  vital  principle  is  such  an  indefinite  quantity  that  this  is  really  no  expla- 
nation of  the  fact  of  the  immunity  of  the  stomach  from  its  own  secretion. 
Others  have  suggested  that  the  epithelial  lining  of  the  stomach  protects  it, 
or  that  the  blood,  which  is  alkaline  in  its  nature,  by  freely  circulating  in  the 
organ,  neutralizes  the  acidity  of  the  juice,  preventing  the  digestion  of  the 
stomach.  The  stoppage  of  the  blood  withdraws  this  element  and  permits 
of  the  action  of  the  secretion  upon  the  stomach.  In  cases  where  death  is 
sudden,  post-mortem  examination  gives  evidence  of  the  partial  digestive 
action  in  the  corrosion  of  a portion  of  the  lining  of  the  stomach.  This  cor- 
rosion extending  even  to  the  proximate  organs,  such  as  the  diaphragm  and 
the  liver.  This  view  does  not  explain  the  protection  afforded  to  the  intes- 
tines against  the  action  of  the  pancreatic  juice.  The  immunity  probably 
arises  from  the  living  properties  of  the  organ,  the  stomach  and  intestines, 
the  organs  being  arranged  so  structually  as  to  be  capable  of  resisting  in  nor- 
mal conditions,  the  digestive  action  of  its  own  secretion. 

What  are  the  conditions  that  favor  digestion?  Aside  from  individual 
characteristics  which  play  an  important  part  in  the  digestion  of  food,  diges- 
tion depends  upon  a number  of  circumstances  which  affect  the  gastric 
juice:  1st,  the  amount  of  food  taken  and  the  nature  of  the  food.  In  order 
to  promote  digestion  the  stomach  needs  to  be  normally  dilated.  This,  of 
course,  implies  a moderate  supply  of  food.  2d.  Sufficient  time  should 
elapse  between  meals  so  as  to  permit  the  food  to  be  completely  digested 
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before  new  food  is  introduced  into  the  stomach.  3d.  Sufficient  exercise 
both  before  and  after  eating  assists  digestion.  This  means  moderate  exer- 
cise, because  violent  exercise  is  dangerous  and  against  digestion.  4th.  The 
psychic  conditions  also  influence  digestion.  Disturbed  conditions  interfere 
coni’id-eTably'Vith  digestion.  Mental  equilibrium,  therefore,  is  a favorable 
condition.  5th.  T lie  physical  health  of  the  body  is  also  a necessary  condi- 
tion of  proper  digestion.  6th.  Age  and  the  changes  jn  fife  affect  digestion. 
Digestion  is  more  active  in  the  young  than  in  the  old,  the  changes  of  life, 
whether  in  regard  to  changes  of  avocation,  temperature,  or  the  normal 
changes  in  life  influence  digestion.  The  stomach’s  function  normally  is  to 
act  upon  the  food  by  chemical  and  physical  processes,  so  as  to  prepare  the 
food  for  later  digestive  stages  in  the  intestines.  The  stomach  first  concen- 
trates the  food  substance  into  a semi-fluid  substance  representing  partially 
digested  as  well  as  the  undigested  food  matters,  to  be  more  completely  di- 
gested in  the  intestines,  called  the  chyme. 

Gastric  digestion  is  largely  preparatory,  therefore  to  pancreatic  diges- 
tion under  the  influence  of  the  trypsin  ferment.  The  transformation  in  the 
stomach  does  not  pass  beyond  the  proteose  condition  to  any  great  extent, 
as  the  peptic  digestion  is  largely  preparatory  for  the  triptic  digestion,  in  the 
intestine,  the  trypsin  being  much  powerful  than  the  pepsin.  According  to 
this,  a human  being  can  live  without  a stomach.  We  have  to  give  up  the 
idea  of  the  stomach  as  a vital  organ,  as  the  stomach  has  been  entirely  remov- 
ed, the  oesophagus  being  united  with  the  small  intestine.  Dr.  Schlatter 
of  the  University  of  Zurich  recently  removed  a woman’s  stomach,  joining 
together  the  approaches  to  the  stomach  from  the  two  sides.  He  reports 
his  patient  well,  and  able  to  enjoy  health  without  any  stomach.  Some  think 
that  this  is  not  a proof  of  the  ability  to  live  without  the  stomach  normally, 
as  the  stomach  in  this  case  was  so  impaired  as  to  be  useless  in  any  case.  It 
gives  evidence,  however,  of  the  extension  of  the  principle  of  functional 
sympathy  to  the  stomach. 

The  digestive  process  is  modified  in  some  animals.  In  the  stomach  of 
the  pig  we  find  two  parts,  one  part  on  the  left  side  continuing  the  oesopha- 
gus, and  the  other  part  on  the  right  side  forming  the  stomach  proper.  In 
the  former  part  there  is  a finer  mucous  lining  much  less  moist  with  no 
glands  but  covered  over  with  small  papillary  eminences.  In  the  other  part 
the  mucous  lining  is  very  thick,  containing  glands  very  much  like  the  fun- 
dus glands. 

In  the  horse  the  stomach  is^yery  small  compared  with  the  amount  of 
food  that  is  used.  The  right  portion  is  the  true  stomach,  the  left  portion 
being  thjLQeaaehagal  part  covered  with  a layei*  of  mucous  membrane,  very 
white  in  color.  The  pyloric  orifice  is  much  less  tightly  closed  than  in  the 
huriiari  subject  permitting  TKeTree  passage  of  the  food'substance  into  the 
small  intestine.  In  the  ruminating  animals,  the  stomach  is  much  more  com- 
plex. There  are  four  parts  or  sacs.  1st,  the  rumen,  id,  the  reticulum,  3d, 
the  omasum,  4th>  the  true  stomach.  The  rumen  is  a very  large  sac  covered 
with  mucous  containing  very  large  conical  papillary  eminences.  This  is 
connected  with  the  lower  end  of  the  oesophagus  and  also  with  the  reticu- 
lum, being  divided  from  the  latter  by  a stroTig  band  of  fibers,  from  the 
omasum  and  the  true  stomach,  similar  to  those  found  in  the  human  subject 
in  connection  with  the  cardiac  part  of  the  stomach.  The  reticulum  is  in 
the  form  of  a net-work  consisting  of  a large  number  of  cells,  the  muscular 
cqat  being  very  strong,  and  its  fibers  being  continuous  with  the  oesophagus. 
There  are  three  orifices  in  the  reticulum  ; one  into  the  rumen,  another  One 
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^^hto  the  omasum,  and  another  to  the  oesophagus.  The  omasum  has  a fine  wall 
with  two  openings  into  the  reticulum  and  the  true  stomach.  The  mucous 
lining  consists  of  leaves  or  flaps  folding  over  into  the  sac,  these  being  cov- 
ered round  papilla.  The  true  stomach  is  like  the  stomach  in  other  animals 
with  the  fundus  and  plyoric  glands.  The  food  when  roughly  broken  up  and 
forming  boli  passes  down  the  oesophagus  into  the  rumen.  Fluids  may  pass 
immediately  into  the  omasum  ; if  the  amount  of  fluid  is  excessive,  a part 
may  pass  to  the  reticulum,  the  free  watery  fluids  thus  passing  to  the  reticu- 
lum while  the  more  viscous  fluids  adhere  to  the  oesophagus  opening  or  enter 
into  the  omasum.  The  fluid  is  mixed  with  saliva  passing  into  the  rumen 
where  the  food  is  moved  about  and  broken  up  and  softened,  fermentation 
taking  place.  After  the  complete  mixing  rumination  begins.  ’ The  action 
is  almost  identical  with  vomiting.  The  ruminal  muscular  walls  contract,  the 
reticulum  and  diaphragm  also  contract  with  the  muscles  of  the  abdomen,  re- 
sulting in  the  driving  of  the  food  into  the  mouth,  the  nasal  openings  being 
closed.  The  food  now  becomes  masticated  and  insalivated,  afterward  re- 
passing down  the  oesophagus,  passing  into  the  omasum,  the  more  fluid  mat- 
ters passing  almost  directly  into  the  true  stomach,  while  the  rougher  ele- 
ments are  passed  through  a process  of  filtration  among  the  folds  of  the 
omasum.  The  fluid  that  is  extracted  passes  into  the  true  stomach,  and  the 
solid  matters  are  also  driven  into  the  true  stomach  by  the  force  of  the  con- 
traction of  the  walls.  In  the  true  stomach  digestion  proceeds  as  in  the 
human  stomach. 

SECTION  X.— Digestive  Processes  in  the  Small  Intestine. 

The  chyme  formed  in  the  stomach  is  carried  through  the  pyloric  open- 
ing into  the  small  intestine  by  peristaltic  action.  These  peristaltic  move- 
ments take  place  from  above  downward,  the  undulation  beginning  at  the 
pylorus  and  extending  down,  although  there  are  contractions  originating 
all  along  the  intestine.  These  peristaltic  movements  take  place  successive- 
ly with  intervening  periods  of  rest.  These  movements  secure  the  slow  pas- 
sage of  the  chyme  along  the  small  intestine  and  its  mixture  with  the  three 
juices,  the  bile,  the  pancreatic  and  the  intestinal  juices  which  act  together 
upon  the  foocT.  There  is  also  a process  of  absorption  taking  place  in  the 
intestines,  the  water,  fatty;  and  soluble  matters  being  given  up  in  the  pas- 
' ..sage  through  the  intestine.  The  muscles  of  the  small  intestine  are  arranged 
in  two  layers,  an  inner  circular  and  an  outer  longitudinal  between  which  and 
1 the  submucous  coating  are  the  nervous  plexuses.  The  muscular  arrange- 
ment is  the  same  as  the  stomach  and  therefore  the  peristalsis  is  similar. 
The  small  intestinal  movements  consist  of  regular  and  successive  peristaltic 
■ (Contractions  from,, above  downward,  the  calibre  of  the  intestine  being  les- 
: sened.  ( There  is  also  a contraction  longitudinally  in  the  tube  so  that  length- 
7 wise  it  becomes  shorter.  When  the  contractidns  become  violent  longitud- 
inally, then  the  contraction  takes  place  by  loops':  These'  contractions  are 

due  to  the  contiactio.n  of  the  circular  fibers  and  the  longitudinal  fibers  res- 
pectively, both  acting  simultaneously  producing1  writhing ' movements. 
These  represent  the  peristalsis  moving  about  io  to  12  mm.  per  second  and 
the  pendular  movements.  The  peristalsis  consists  of  the  contraction  of  the 
intestinal  walls  beginning  at  the  ijp'per  part  and  extending  downward  sec- 
tion by  section,  the  portions  behind ‘relaxing.  This  pushesforward,  the 
contents  of  the  intestine.  The  contraction  takes  place  chiefly,  if  not  alto- 
gether in  the  circular  layer.  Anti-peristalsis  consists  of  a movement  in  the 
opposite  direction  away  from  the  intestine  toward  the  stomach  and  gener- 
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all\’  occurs  in  abnormal  conditions.  It  has  been  reported  that_certain 
stances  introduced  into  the  rectum  move  upward  by  such  a kind  of  movement. 
TlfifFfHe"  normal  movements  is  from  above  downward  has  been  shown  clearly 
by  some  experiments  in  which,  after  dividing  the  intestine,  it  has  been 
sutured  with  the  lower  end  upwards.  In  cases  in  which  death  has  taken 
place,  there  has  been  found  a great  accumulation  of  matter  at  the  upper 
end,  indicating  the  reverse  of  the  movement.  By  opening  the  abdomen 
the  peristaltic  movements  have  been  observed  running  rapidly  along  the 
intestines.  This,  however,  is  somewhat  abnormal,  due  to  the  stimulation  of 
the  air  as  the  normal  peristalsis  is  slow  and  gradual.  It  has  been  estimated 
that  duiing  rest  it  goes  at  the  rate  of  one  centimeter  per  two  minutes. 
During  digestion,  and  especially  during  exercise  the  movement  is  very 
much  more  rapid,  about  one  centimeter  in  20  seconds.  A^quoslion -has 
arisen  as  to  the  origin  of  the  peristalsis.  At  each  contraction  of  the  antuml 
plyorl’ the  chyme  is  ejected  in  to  the  cluodenum  originating  at  the  same 
time  the  peristalsis  that  moves  slowly  along  the  walls.  The  passage  takes 
place  probably  by  progression  from  cell  to  cell  in  the  circular  coating,  the 
distribution  being  due  to  the  conduction  from  layer  to  layer.  This  is  not 
sufficient  to  explain  the  action  as  the  anti-peristalsis  would  require  an  ex- 
planation. Possibly  this  muscular  action  is  aided  by  the  nervous  impulses 
passing  from  the  local  ganglia.  Besides  peristalsis,  we  find  pendularicity. 
This  is  named  from  the  fact  that  has  been  observed  that  on  exposing  the 
intestines  there  is  an  oscillating  movement  of  the  intestines.  These  are 
supposed  to  be  due  to  the  rhythmic  contractions  of  the  longitudinal  mus- 
cles. These  movements  are  supposed  to  be  chiefly  of  value  in  maintaining 
the  normal  circulation  of  the  blood  in  connection  with  the  intestines  and  in 
preserving  the  blood  pressure  in  the  portal  veins.  The  peristalsis  usually 
originates  at  the  pyloric  orifice.  It  may  also  originate  along  the  conyye  pL 
Fftp  infestinqgiauya^smo^  In  the  intestinal  coats  there  are 

two  nervous  plexuses,  the  ojie  in  the  connective  tissue  of  the  submucous 
layer  and  the  one  lying  between  the  two  muscular  layers.  There  are  also 
visceral  fibers  from  the  pneumogastrics  and  the  splanchnic  sympathetics. 
Bv  the  severance  of  the  intestine  from  nervous  connection  with  the  central 
nervous  system  and  stimulation  of  the  intestine  the  peristaltic  action  may 
be  produced  indicating  that  the  ganglia  within  the  intestine  act  as  indepen- 
dent centers  in  producing  these  movements.  The  vagi  on  stimulation  pre- 
duce  intestinal  movements  and  are  therefore  said  to  be  motor  fibers.  There 
may  be,  however,  inhibitory  fibers,  although  tin:  motor  fibers  seem  to  pre- 
vail. These  movements  depend  not  only  upon  nervous  stimulation  but  also 
upon  the  condition  and  amount  of  the  blood  supply  and  the  peristalsis  may 
be  excited  by  mechanical  or  electrical  stimulation.  The  peristaltic  action  is 
increased  by  anaemicand  also  by  plethoric  conditions  of  the  blood.  In  both 
cases  there  is  an  excess  of  C02  and  a deficiency  of  O,  the  gas. acting  as  a 
stimulant.  , . 

When  the  circulation  is  partly  suspended  or  when  severe  hemorrhage 
withdraws  a large  quantity  of  the  blood,  the  movement  is  increased.  Dur- 
ing the  digestive  process,  there  is  an  extra  blood  supply,  this  acting  as  a 
stimulant  upon  the  action.  If  the  stimulation  is  increased  to.  excess  par- 
alysis ensues,  and  the  action  is  suspended.  An  excessive  blood  flaw  amount- 
ing to  condition  and  inflammation  have  the  same  effect,  the  muscular  walls 
becomingalilated  when  filled  with  gases.  If  the  pneumogastrics.  are  stimu- 
lated, the  action  is  increased,  whereas,  the  stimulation  of  the  syjn pathetics 
stops  the  contraction,  indicating*  that  the  pneumogastrics  act  as  an  accelara- 
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tor  of  the  centers  in  the  intestinal  walls,  while  the  sympathetics  inhibit  the 
action  of  these  centers.  This  inhibition  depends  upon  the  character  of  the 
blood.  It  is  said  that  the  sympathetics  for  the  small  intestine  a/js?  from 
the : spinal  cord  from  the  6th  dorsal  to  the  1st  lumbar,  spinal  nerves  passim? 
to  the  sympathetic  chain  through  the  splanchnics,  then  to  the  semilunar 
plexus.  The  large  intestine  is  supplied  from  the  2nd  to  the  5th  lumbar 
spinal  nerves  and  through  .the  sacral  nerves,  the  nerves  passing  through  the 
hypogastric  plexus  and  producing  contraction  of  the  muscles.  If  the  blood 
is  normal  as  between  arterial  blood  and  venous  blood  inhibition  takes  place 
but  it  the  blood  becomes  venous  inhibition  is  changed  into  acceleration! 
this  seems  to  indicate  the  presence  of  two  kinds  of  fibers,  motor  and  inhib- 
itory in  the  sympathetics,  the  inhibitory  fibers  being  counteracted  by  the 
venosity  of  the  blood.  The  higher  psychic  centers  may  also  influence  the 
peristaltic  action  as  in  cas&s  oTemotional  conditions  and  nervous  diseases, 
producing  constipatory  conditions.  The  stimulation  aroused  by  strong 
emotions,  originating  in  the  brain,  influences  the  vaso-motor  center  causing 
contraction  of  the  vessels  in  the  abdominal  region,  resulting  in  the  anaemic 
condition  of  the  blood,  giving  rise  to  strong  peristaltic  actions.  The  nerves 
regulate  the  intestinal  movements  from  or  through  the  central  nervous  sys- 
tem. Their  pathway  through  the  system  is  obscure,  the  connection,  how- 
ever, reaching  the  psychic  centers.  If  the  nerves  are  all  divided  so  as  to 
cut  off  the  intestine  from  its  nervous  connection,  the  muscle  contraction  is 
not  interfered  with.  Normal  peristalsis  seems  to  be  independent  of  nerve 
control,  although  the  regulation  of  blood  will  follow  the  nervous  system.  It 
se^a-ti^refoH,  fhat  peristalsis  normally  in  the  intestines  may  be  accom- 
plished independently  of  the  central  nervous  system,  the  nervous  system 
being  regulatory  of  its  action  much  in  the  same  way  as  all  the  other  organs 
are  regulated  and  controlled  by  extrinsic  nervous  connection.  Such  move- 
ments of  the  intestines  may  be  stimulated  by  chemical  action  upon  the 
intestinal  walls,  for  example,  potassium  salts  pr'oduce  contraction  where  the 
potassium  is  applied.  Sodium  salts  produce  the  same  away  from  the  point 
of  application,  spreading  downward  like  normal  peristalsis.  If  the  blood 
supply  is  cut  off  and  then  suddenly  allowed  to  return,  strong  peristaltic  move- 
ments follow.  Sometimes  dyspnoea  originates  peristalsis,  or  quickens  the 
rate  of  already  originated  peristalsis,  acting  through  the  central  nervous 
system.  O in  the  intestine  arrests  and  C02  , H2  S increase  the  peristaltic 
action,  similarly  acetic  and  formic  acid,  developed  under  the  influence  of 
bacterial  growth  produce  stimulation  of  the  peristalsis. 

SECTION  XI.  The  Liver  and  Bile- 


The  liver  represents  the  largest  of  all  the  body  glands  weighing  from 
1.4  to  1.7  kilograms,  representing  about  1-35  of  the  weight  of  the  entire 
body,  although  greater  in  foetal  and  early  life.  The  main  portion  of  the 
gland  consists  of,  first,  the  hepatic  duct  arising  from  the  transverse  liver  fis- 
sure, joining  with  the  cystic  duct  at-  the  lower  end  as  it  comes  from  the.gall 
bladder,  uniting  to  form  a common  duct.  2d.  The  gall  bladder  consists  of 
a conical  shaped  sac,  the  fundus  being  directed  downward  and  forward 
extending  beyond  the  anterior  part  of  the  liver  and  the  lower  end,  giving 
rise  to  the  cystic  duct.  3d,  The  common  bile  duct  is  formed  by  the  unit- 
ing of  the  cystic  and  hepatic  ducts  extending  to  the  lower  part  of  the  duo- 
denum, opening  into  the  bowel  by  an  opening  common  to  it  and  the  pan- 
creatic duct.  This  opening  is  so  arranged  that  there  is  no  regurgitation  of 
intestinal  contents  into  the  duct.  The  lobules  of  the  liver  get  their  blood 
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supply  from  the  portal  vein  which  forms  the  main  channel  of  the  veins^of 
the  stomach,  pancreas,  spleen  and  intestine.  All  the  blood  passes  through 
these  entering  the  liver.  The  blood  from  the  portal  bmm  holds  in  solution 
soluble  proteids  and  carbo-hydrates  absorbed  during  alimentation  and 
these  are  brought  into  contact  with  liver  metabolism.  The  hepatic  artery 
furnjshesjt  with  arterial  blood  from  the  general  systemic  circulation.  The 
liver  structure  is  peculiar,  the  one  side  of  the  gland  cells  being  turned  in  the 
direction  of  the  main  gland  cavity.  The  blood  capillaries  are  closely  con- 
nected with  the  hepatic  cells,  on  several  sides  these  blood  capillaries  never 
coming  into  close  relation  to  the  bile  capillaries  which  carry  off  the  bile 
secreted  in  the  cells,  or  into  relation  with  the  ducts.  The  blood  capillaries 
pass  along  the  margins  of  the  cells  and  the  bile  capillaries  along  the  middle 
of  the  side.  In  this  gland,  therefore,  the  blood  capillaries  are  very  closely 
related  to  the  secretory  cells.  These  hepatic  cells  are  of  irregular  shape, 
with  angular  edges,  having  no  cell  wall.  While  fasting  the  cells  are  small, 
during  digestion  they  are  larger.  The  lymphatic  vessels  accompany  the 
branches  of  the  portal  vein,  forming  spiral  plexuses  around  these.  These 
lymphatics  enter  into  the  lobules  around  the  blood  capillaries  and  around 
the  minute  veins.  The  liver  nerves  arise  in  connection  with  the  cceliac 
plexus,  and  from  the  pneumogastrics,  chiefly  the  left  one.  They  join  the 
liver  in  close  relation  with  the  hepatic  branches.  They  are  found  in  con- 
nection with  the  local  ganglia  some  of  the  nerve  fibers  ending  in  the  hepa- 
tic cells.  The  lower  is  very  important  from  the  standpoint  of  alimentation, 
this  action  depending  largely  upon  the  character  of  the  cells.  Thus,  there, 
are  two  main  questions  for  discussion  in  connection  with  the  liver,  the  forma- 
tion and  character  of  the  bile  and  the  metabolism  connected  with  the  form- 
ation of  urea  and  glycogen  which  we  will  discuss  in  connection  with  excre- 
tion and  metabolism. 

i.  Bile  In  the  liver  we  find  a number  of  lobules,  each  lobule  being  sup- 
plied with  blood  from  the  portal  and  hepatic  circulations.  From  the  portal 
circulation  there  comes  blood  which  has  been  circulated  in  the  stomach  and 
intestines  bearing  substances  absorbed  from  those  organs,  while  the  hepatic 
cir  culation  conveys  arterial  blood  the  nutriment  of  the  organ  itself,  its 

tissues  and  its  vessels.  From  the  portal  blood  the  lobular  cells  secrete  sub- 
stances which  are  given  off  into  the  duct  for  the  formation  of  bile.  This 
blood  when  robbed  of  these  matters  returns  through  the  beptic  vein  to  the 
portal  bJ°od  entering  the  liver  contains  a larger  amount  of 
al  jumin,  h3emogIot)in,  fat,  salts  and  water  and  less  cholesterln  and  lecithin 
than  that  returned  to  the  heart.  The  portal  blood  *Brought  to  the  liver  also 
contains  saccharine  matter  taken  from  the  carbohydrates,  while  the  blood 
r^turm^to  J&e  h ea r t__contams_£  f r o m glycogen.  The  lobular  cells, 

therefore,  are  the  seat  of  bile  secretion  and  also  of  glycogenesis,  urea  form- 
ation,  etc.  The  substance  of  fresh  liver  is  alkaline  in  reaction,  becoming 
acid  after  death.  In  it  we  find  various  proteids.  The  hepatic  cells  also 
yield  i to  1 14  per  centof  glycogen,  fatty  matters,  urea,  uric  acid,  choles- 
terin,  jecorin  together  with-  organic  salts,  potassium,  sodium“*calcium  or 
magnesium  and  iron  together  with  such  metallic  substances  as  copper,  mercury 
ead,  etc.,  extracted  from  the  food.  The  bile  is  both  a digestive  secretion 
and  an  excretion,  the  former  being  used  in  the  digestive  process  in  the 

tk  luteit-1,ne-and  the  latter  bein£  excreted  as  an  excess  in  the  faeces. 

thus  the  bile  is  connected  with  the  physical  and  chemical  changes  in  the 

u >Btll£ay,he  Jef  secured  ^ means  °f  a fistulary  operation, 

although  it  is  difficult  and  dangerous.  The  bile  when  fresh  is  a fluid  of  a 
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Iffiden  red  or  a brownish  yellow  color  in  the  human  subject.  After  being 
exposed  to  the  air  it  becomes  a dark  brown  color.  It  has  a.  strange  odor 
especially  if  hot  and  a very bjtter  taste.  It  contains  some  gall  cells  Trul 
some  mucous  coipuscles  usually.  Its  specific  gravity  is  about  1930.  In  the 
gall  bladder  the  bile  is  mixed  with  a "considerate' quantity  of  mucus  of  a 
darker  color  and  very  viscous!  It  dissolved  in  sulphuric  acid  it  appears 
fluorescent,  being  pink  in  transmitted  light, and  green  through  reflected  light. 
After  administering  anaesthetics  an  animal’s  abdomen  may  be  opened  and 
the  bile  duct  ligatured  close  to  the  junction  with  the  cystic  duct  and  also 
close  to  the  intestine.  Between  these  iwo  ligatures  there  is  a division 
made.  The  fundic  portion  of  the  gall  bladder  is  stitched  to  the  abdominal 
wall,  the  fundus  being  opened  and  a tube  inserted  into  the  gall  bladder.  In 
this  way  the  bile  may  be  secured.  The  bile  yields  in  the  case  of  the  human 
subject  from  13  to  15  per  cent  of  solid  matter.  On  the  analysis  of  100  parts 
of  bile  there  has  been  found  86.  3 per  cent  water,  13.7  of  solids  and  of  these 
solids  8 .2  per  cent  of  bile  salts,  2.5  per  cent  of  cholesterin,  lecithin  fatty 
substances,  2.2  per  cent  of  mucus  and  bile  pigment  and  .8  per  cent  of  the 
inorganic  salts.  The  bile  varies  in  different  animals  and  at  different  times 
in  the  same  animal.  It  is  effected  by  the  length  of  time  it  remains  in  the 
gall  bladder,  its  reaction  is  neutral  or  alkaline.  It  is  characteristic  that  the 
proteius  are  not  present.  "Among  the  solid  matters  we  find,  first  bile  acids. 
Taurocholic  acid  is  found  in  great  abundance  and  glycoholic  acid  in  small 
quantities  in  human  bile.  These  combine  with  sodium  to  form  salts,  in  the 
formation  of  the  sodium  tau-ocholate  and  the  sodium  glyoholate.  They 
are  insoluble  in  ether  but  soluble  in  water  or  alcohol,  the  aqueous  solutions 
being  alkaline  in  reaction.  Both  acid.*;  contain  cholalic  acid.  2d,  the  bile 
pigments,  bilirubin  and  biliverdin.  The  forme*  is  supposed  to  be  derived 
TftnrTthe  red  coloring  matter  of  the  blood  being  identified  by  some  with 
haematoidin,  one  of  the  haemoglobin  derivatives.  The  latter  is  derived  by 
an  oxidation  process  from  bilirubin.  The  biliverdin  is  formed  by  exposing 
to  the  air  in  a shallow  vessel  an  alkaline  solution  of  bilirubin.  The  bili- 
rubin is  kept  in’  solution  in  the  bile  by  the  sodium  salts  of  the  bile  acid. 
3d.  Cholesterin  is  kept  in  solution  in  the  bile  by  the  bile  salts.  This  is 
the  chief  element  found  in  gall  stones.  Though  fatty  looking  it  is  in  reality 
an  alcohol,  being  soluble  in  hot  alcohol  and  dissolved  by  the  bile  salts  so  that 
it  is  in  solution  in  the  bile.  4th.  The  mineral  salts  including  chiefly  chloride 
of  sodium,  potassium  and  the  phosphates  of  sodium,  calcium  and  magnesia 
with  traces  of  iron  oxide,  silica  and  copper.  In  100  parts  of  bile  Jacobsen 
found  about  .1276  of  potassium  1 blonde,  2.43  sodium  chloride,  ,598  phosphate 
sodium  .418  carbonate  of  sodium  and  .81  per  cent  of  sulphur  and  .167  phos- 
phate of  lime.  5th.  The  gases  of  the  bile  contains  sometimes  a large  per 
cent  of  C Ch  ranging  from  to  o per  cent,  and  small  quantities  ot  O and  X. 

The  secretion  of  the  bile  is  continuous,  but  the  quantity  formed  when 
the  stomach  is  empty  is  small.  Only  a low  pressure  is  necessary  for  bile 
secretion ,■  for  the  diameter  of t he  hepatic  artery  is  small  and. the  secietion  is 
not  due  to  the  pressure,  not  being  a process  of  osmosis  but  of  secretion  in 
.the  hepatic  cells.  ’ 

Heidenhain  estimates  the  pressure  of  the  flow  of  bile  along  the  ducts  to 
be  15  mm.  of  mercury;  even  this  small  pressure  is  larger  than  the  piessuie 
in  the  portal  veins;  hence,  the  secretion  cannot  be  due  to  mechanical  pies- 
sure.  Even  when  an  animal  is  deprived  of  food  secretion  continues.  It  is 
largely  increased  during  the  digestive  process,  this  secretion  beginning_tp 
i n c rease  almost  immediately  after  taking  meal,  reaching  its  highest  poi n t 
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about  the  third  or  fourth. .hour  and  after  gradually  diminishing  for  a TUv 
hours,  then  increases  till  about  the  ninth  or  tenth  hour  after  which  it  slowly 
lessens.  The  amount  of  food  influences  the  bile  secretion,  especially  ini 
"the  case  of  animal  food  when  the  secretion  is  increased,  a food  consisting 
very  largely  of  fats  diminishing  the  secretion.  According  to  some  experi- 
ments there  is  secreted  about  10  grams  of  bile  to  every  kilogram  of  body 
weight  daily  in  the  human  subject,  indicating  that  there  is  an  active  meta- 
bolism in  the  hepatic  cells.  The  secretion  is  also  affected  by  the  blood  flow 
in  the  capillaries.  If  blood  is  injected  into  the  veins  it  is  increased,  and  if 
blood  is  taken  from  the  arteries  it  is  diminished.  If  the  portal  vein  is  liga- 
tured the  secretion  will  diminish  until  it  ceases  altogether,  causing  death. 
If  the  hepatic  circulation  is  obstructed  the  secretibn  increases  and  then 
diminishes.  While  the  blood  pressure  in  the  capillaries  does  not  cause  the 
secretion  the  velocity  ofAbfe  blood  current  through  the  capillaries  has  a 
bearing  upon  the  secretion,  because  the  action  of  the  hepatic  cells  depends 
upon  the  circulation  of  the  blood  through  them.  The  bile  is  secrefed  by 
the  hepatic  cells  and  even  the  water  does  not  depend  upon  simple  filtration* 
because  the  pressure  of  the  portal  vein  is  less  than  the  pressure  in  the  bile 
ducts.  The  activity  of  the  celjs_depends  upon  amount  of  blood  received  into 
them.  If  the  blood  pressure  in  connection  with  bile  ducts  increases  beyoncT 
1 5 mm.  of  mercury  the  secretion  of  bile  continues,  but  its  flow  is  arrested  in  the 
ducts,  the  bile  flow  taking  place  into  the  blood  through  the  lymphatics,  the 
bile  pigment  giving  to  the  skin  the  peculiar  jaundice  color.  The  same 
result  may  follow,  from  a ligature  ^of  the  bile  duct,  in  which  case  the  process 
requires  three  or  four  days.  Associated  with  jaundice  is  a condition  of  con- 
stipation due  to  the  lessening  of  peristaltic  action,  the  faeces  being  hard 
and  yellow  colored  with  an  offensive  odor.  An  effect  is  noticeable  upon 
the  activity  of  the  heart,  which  is  much  diminished,  on  account  of  the  les- 
sened activity  of  the  intra-cardiac  nervous  mechanism  and  also  the  respira- 
tion becomes  slower.  The  blood  corpuscles  become  dissolved  under  the 
action  of  the  bile  salts,  the  pigment  being  found  in  the  blood  and  haemo- 
globin with  albumin  in  the  urine.  The  formation  of  bile  takes  place  in  con- 
nection with  the  hepatic  cells  which  are  closely  related  to  the  blood  and 
bile  capillaries.  The  cells  are  polygonal  in  shape,  the  surfaces  by  juxtaposi- 
tion, forming  grooves,  around  the  sides  being  found  the  bile  capillaries  cor- 
responding with  the  number  of  sides,  at  each  of  the  pointed  surfaces  being 
found  the  blood  capillaries.  The  bile  capillaries  are  much  smaller  than  the 
blood  capillaries  that  the  bile  is  formed,  in  these  cells  is  evident  from  the 
fact,  1st,  that  if  the  liver  is  removed  the  bile  acids  and  the  bile  pigments  are 
not  found  in  tne  blood,  and"  2nd,  the  bile  acids  and  bile'  pigments  are  not 
found  in  connection  with  any  other  part  of  the  body  and  if  the}'  are  found 
anywhere  else  they  originate  in'the  liver.  The  taurin,  glycocin  and  cholalic 
acids  are  separately  formed  and  when  so  formed  unite  to  fo'rm  the  bile 
acids.  *;  ’ . ' ' - 

Whxitirthe  blood  corpuscles  are  disintegrated  tl]e  ham^opflobin  is  taken 
to  the  liver  and  is  converted  to  the  bilirubin,  the  iron  separated  being  re-' 
faiiied  in  thc  liyer  and  used  in  the  formation  of ' new  hemoglobin.  The 
bile  pigments  pass  to  the  duoderTuni  and  are  mixed  with  the  food.  Neither 
bdiverdin  nor  bilirubin  are  found  in  the  fieces’.’but  a hydro-bilirubin.  The 
bi liven! in  arises  in  connection  with  the  disintegration  of  the  h.einoglo.bin. 
In  connection  with  the  blood  clotting'the  bilirubin  assumes  the  crystalline 
form  of  huematoidin  the  same  as  bilirubin.  If  solutions  of  haemoglobin  are 
injected  into  the  portal  vein  the  amount  of  bilirubin  is  increased  in  the  liver. 
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^The  bile  salts  in  solution  have  the  same  effect.  This  substance  when  hy- 
drated appears  in  the  faeces  as  stercobilin  and  in  the  urine  as  urobilin.  The 
formation  of  bile  acids_.tak.qa  place  in  the  livej:  cells.  If  the  bile  duct 
isTtgaTured  the  bile  that  is  found  is  reabsorbed,  the  acids  being  found  in  the 
blood  and  urine.  It  is  difficult  to  determine  from  what  substances 
they  are  formed.  Nitrogen  found  in  the  glycohol  and  taurin  and  sulphur 
in  the  taurin  indicate  that  some  albuminous  substance  is  broken  up  ip  their 
production.  These  products,  as  we  have  said,  are  absorbed  and  again 
through  the  hepatic  circulation,  are  secreted  by  the  liver.  The  chief  value 
of  these  acids  is  possibly  to  form  a stimulus  for  cell  activity'.  Tt  IF  sup- 
posed that  in  addition  to  this  they  act  upon  cholesterin,  dissolving  .it  for  ex- 
cretion, and  also  that  they  act  upon  the  fats  producing  pn  increased  fat  ab- 
sorption. When  the  bile  is  formed  in  connection  with  the  cells  it  is  pressed 
out  partly  in  connection  with  respiratory  movements  and  partly  by  muscu- 
lar activity  in  connection  with  the  larger  and  smaller  ducts  and  the  gall 
bladder.  Respiratory  movements  produce  pressure  upon  the  liver  and  gall 
bladder,  inspiration  assisting  the  blood  flow  away  from  the  hepatic  veins. 
The  bile  secretion  is  continuous.  It  is  normally  small  when  the  stomach 'is 
inactive,  immediately  after  taking  a meal  the  amount  is  very  much  in- 
creased and  this  increase  is  maintained  for  some  hours.  Itjs  said  that  in  J4 
hours,  2^  pounds  are  secreted  and  that  the  secretion  is  much  more  plenti- 
ful after  partaking  of  proteid  food.  TheJaile^accumulates  in  the  gail  blad- 
der and  its  ejection  into  the  Intestines  appears~~to  be  a reflex  action,  the 
stimulus_keing  the  acid  chyme,  for  it  is  known  that  the  entrance  ot  att  acid 
into  the  small  intestine  is  at  once  followed  by  a gush  of  bile,  while  no  such 
results  follow  the  admission  of  an  alkaline  fluid  into  the  small  intestine. 
Nervous  influence  upon  bile  secretion  is  very  obscure.  The  voso-motor  fi- 
bers  are  found  in  the  pneumogastric  and  the  splanchnic  sympathetics..  If 
the  splanchnics  are  divided  or  the  pneumogastrics  in  the  neck  are  cut  the 
liver  passes  into  a state  of  congestion. 

Pfluger  says  that  after  the  division  of  all  the  hepatic  nerves  bile  secre- 
tion  continues;  when  the  bile  comes  into  the  small  intestine  it  has  very  little 
effect  upon  the  chyiiieT  In  the  large  intestine  a part  of  it  becomes  decom- 
posed, the  balance  being  excreted  in  the  faeces.  The  biliary  acids  are  di- 
vided up  into  glycocin,  cholalic  acid  and  taurin,  the  bile  pigments  into  hy- 
drobilirubin and  the  urobilin  to  be  again  absorbed  so  as  to  form  the  pigment, 
a small  part  becoming  biliprasin.  Part  cf  the  urine  is  united  with  alkalies 
in  the  formation  of  soaps.  The  faeces  excrete  bile  acids,  cholesterin,  mu- 
cin and  lecithin.  A large  part  ofThe  bile  salts  are  absorbed  again,  all  the 
absorbed  elements  returning  to  the  liver  to  form  other  compounds. 

If  in  an  animal,  the  bile  is  hindered  from  entering  the  intestine,  emaciation 
follows,  but  life  may  be  preserved  if  a large  quantity  of  food  is  given  pro- 
ducing a great  appetite.  Upon  the  albuminous  or  proteid  constituents  of 
food  bile  has  no  effect  unless  that  by  its  alkaline  reaction  it  neutralizes  the 
aci^chy'me  and  causes  the  precipitation  of  any;  peptone  present.  The  bile 
prevents  the  digestion  of  albuminous  matter  by  the  gastric  juice  at  the  same 
time  separating  the  peptones  frorp  albumin  and  preparing  the  albumin  for 
the  digestion  action  of  the  pancreatic  juice.  Upon  the  carbohydrates  the 
bile  has  almost  no  effect,  its  only'  effect  being  to  transform  the  starch  solu- 
tions into  sugar.  Upon  the  fats,  bile  has  considerable  digestive  power. 
When  the  fatty  aclcls  are  liberated  byr  the  pancreatic  fluid  thebile  combines 
with  them  to  form  soaps  or  emulsions.  The  Taffy;  acids  thus  decomposed 
dissolve  the  bile,  salts  uniting  with  the  alkaline  bases  to  form  the  soaps, 
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tjiese  soaps  aiding  in  the  emulsification  of  _ fats.  These  soaps  assist  in  the 
fatty  e m ul si ficaTio n~ o f theTats  in  the  intestines,  the  bile  acids  causing  the 
neutral  fats  to  become  soaps.  The  fats  readily  pass  through  the  mucous 
membrane  moistened  with  bile,  hence  bile  assists  the  absorption  of  fats  by 
moistening  the  mucous  membrane  of  the  intestine.  Bile  also  stimulates 
the  peristaltic  movements  of  the  intestine.  If  the  bile  is  diminished  the 
peristaltic  action  is  lessened  and  the 'faeces  become  dry,  hence  a large 
increase  of  bile  produces  diarrhoea.  The  bile  is  freely  putrefied  although  it 
lessens  the  putrefaction  of  the  fasces  by  increasing  peristaltic  action  and 
thus  throwing  quickly  the  putrescent  matters  out  of  the  intestines.  If  these 
matters  remained  long  putrefaction  would  follow  even  though  the  bile  is 
present.  Bile  has  an  important  bearing  on  excretiont  by  removing  the 
waste  products  of  metabolism  such  as  lecithin  and  cholesterin.  The  bile 
acids  and  pigments  become  reabsorbed  and  hence  are  of  further 
use  in  the  metabolic  process.  It^ chief  digestive  function  is  in  connection 
with  the  fats.  It  first  assists  in  splitting  up  the  neutral  fats  and  then  aids 
in  their  emulsification  and  lastly  assisting  faf  absorptioip 

If  a fistula  is  introduced  so  as  to  extract  the  bile  the  feces  are  found  to 
contain  a large  quantity  of  fat.  This  is  due  in  some  way  to  the  action  of 
the  bile  acids  upon  the  fats  or  rather  upon  the  epithelial  cells  so  as  to  make 
them  active  in  absorption.  In  addition  to  this  the  bile  acts  as  a destroyer 
of  the  pepsin  ferment. activity.  ‘ When  the  chvme  comes  into  contact  with 
the  bile  and  the  pancreatic  juice  it  becomes  alkaline,  preventing  the  pepsin 
action  and  developing  the  precipitation  in  connection  with  the  formation  of 
some  proteids  and  acids. 

SEC TION  XII.  Pancreas  and  Pancreatic  Juice.  \ ' 


The  pancreas  is  an  extended  narrow  gland  lying  across  the  abdominal 
wall  back  of  the  stomach  and  opposite  the  first  lumbar  vertebra.  The  head 
of  it  is  in  contact  with  the  duodenum  curvature  and  the  lower  end  is  in 
contact  with  the  spleen.  The  pancreatic  duct  extends  along  the  whole  pan- 
creas, opening  into  the  duodenum  below  the  pylorus.  Thelining  of  the  duct 
consists  of  cylindrical  epithelium,  the  wall  being  formed  of  solid  connec- 
tive tissue  from  which  small  branches  arise,  ending  in  the  gland  acini.  The 
acini  consist  of  short  conical  cells.  The  cell  form  depends  upon  its  func- 
tional activity  When  digestion  begins  the  disappearance  of  the  granules 
takes  place  the  large  part  of  the  cdl  being  clear.  During  inactivity 
especially  if  prolonged,  the  granular  and  clear  parts  are  about  equal.  Blood 
vessels  from  the  splenic  supply  th<_  pancreas,  together  with  branches'  from 
the  superior  and  inferior  branches  of  the  hepatic  and  the  superior 
mesenteric  arteries.  ^ 

The  blood  passes  off  from  the  pancreas  through  thes  plenicand  superior 
mesenteric  veins.  Around  each  acinus  is  a plexuTbmpillaries ^ The 
n^ve^£B-]X  comes  from  the  solar  plexus  non-medullated  fibers  extending 
,nto  Pancreas,  their  endings'bmng  unknown.  There  are  also  intrinsic 
tomgfe  associated  with  the  pancreas.  Most  of  the  experiments  have  been 
carried  on  in  connection  'with  artificial  pancreatic  digestion  or  fistulae  in 
connection  with  the  dog  or  rabbit.  Heidenhain  cut  out  a part  of  the  duo- 
denumjnto  which  the  main  duct  opens,  stitching  this  isolated  portion 

the  abdominal  wall  to  form  a permanent  fistula  The 

S^tCren1CiU«Ce  ma/  be  obtained  bX  the  introduction  of  a canula  into  the 
r l'  • jIt-  dlfferIs  .from,  the  other  juices  mainly  in  the  large  proportion  of 
proteids  in  it.  It  is  a clear,  cqlorless_fluid,  very  viscid,  under  UleP  influence 
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of  heat  becoming  coagulated.  It  has  a decided  alkaline  reaction  and  con- 
tains about  » or  io  per  cent  of  solids. 

Claude  Bernard,  after  anaesthetizing  a dog,  laid  it  on  its  left  side,  mak- 
ing an  incision  to  expose  the  pancreas.  Opening  the  duct  after  isolating  it 
a cannula  was  inserted,  which  was  passed  through  the  abdominal  wall  and  the 
-wound  sewed  up.  This  fluid  contains  a large  proportion  of  serum-albumin 
and  a quantity  of  salts,  such  as  sodium  chloride,  phosphates  and  alkaline 
carbonates,  together  with  small  quantities  of  soapy  substance  and  nitrogen- 
ous matters  like  leucin,  tryosin  and  zanthin,  etc.,  and  also  ferments.  The 
amount  of  solids  depends  on  the  seretion  rate,  being  more  where  it  is  slow. 
It  has  a specific  gravity  of  1010  to  ioii.  During  fasting  little,  if  any  pan- 
creatic juice  is  secreted,  but  as  soon  as  food  is  taken  the  secretion  of  the 
juice  commences  and  continues  .for  hcmjs. 

Herter  collected  some  of  the  juice  from  the  duct  in  the  human  subject 
and  found  it  clear,  colorless,  odorless  and  strongly  alkaline,  being  about  2^ 
per  cent  of  solids,  \ x/2  of  that  being  organic. 

Schmidt  found  in  connection  with  the  dog  in  1,000  parts,  979  of  water, 
20. 1 of  solids.  Of  this  12.4  was  organic  matter  and  7.5  salts.  Much  differ- 
erence  of  opinion  exists  as  to  the  constituents  of  the  human  pancreatic 
juice.  It  is  estimated  that  in  24  hours  over  140  grams  are  secreted.  During 
the  digestive  intervals  a small  quantity  is  secreted.  At  the 
beginning  of  digestion  it  seems  to  be  more  viscid  and  easily  coagulated,  be- 
coming more  free  and  watery  at  the  end  of  digestion.  The  use  of  a large 
proportion  of  food  and  nutritious  food  increases  the  secretion  both  in  quan- 
tity and  quality.  The  secretion  seems  to  take  place  under  the  influence  of 
pressure.  When  inactive.  the^pancreas  is  pale,  when  active  it  becomes  red- 
dish  .or  pink  red,  the  blood  vessels  being  full  and  characterized  by  pulsa- 
tions. The  cells  in  the  gland  become  larger  as  the  secretion  takes  place,  be- 
coming conical  in  shape  with  a definitely  clear  zone  close  to  the  membra  na 
-pxopria  with  a dark  zone  next  to  the  cavity.  During  the  active  operation 
of  secretion,  the  interior  zone  is  lessened,  the  exterior  being  increased.  At 
the  close  of  the  secretion  the  clear  zone  is  quite  small  and  the  dark  zone 
very  much  larger.  The  pancreatic  juice  acts  differently  upon  the  different 
foods.  The  chief  constituents  of  the  food  are  three  enzymes,  the  proteoly- 
tic, tripsin  acting  on  proteids,  the  amylolytic  on  carbohydrates,  and  steap- 
sin  on  the  fats.  On  starchy  foods  it  acts  very  actively,  rapidly  converting 
by  the  action  of  amylopsin  starch  into  sugar,  chiefly  maltose,  more  rapidly 
than  during  the  process  of  insalivation.  Any  form  of  starch  is  thus  quickly 
.acted  upon  by  the  ferment  of  the  pancreatice  juice. 

If  some  of  the  pancreatic  juice  is  mixed  with  starch  paste,  the  starch 
very  soon  disappears,  maltose  and  dextrine  being  formed.  The  amylopsin 
acts  on  the  starch;  it  is  said  to  be  similar  in  action  to  ptyalin.  Hence,  some 
identify  the  two  ferments  as  one.  The  products  are  maltose  and  the  inter- 
mediate dextrines,  the  quantities  depending  upon  the  completeness  of  di- 
gestion. It  is  very  important  as  carbohydrates  form  a large  element  of  the 
food.  The  saliva  first  acts  on  them,  but  it  is  when  they  reach  the  intestine 
that  the  chief  action  takes  place  under  the  amylopsin.  On  fats  the  steap- 
sin  ferment  has  a two-fold  action,  (1.)  it  emulsifies  them,  the  emulsion  rep- 
resenting the  fatty  matters  in  a fine  state  of  division.  If  olive  oil  is  shaken 
up  with  pancreatic  juice  there  is  a minute  division  takes  place  slowly.  (2.) 
It  splits  up  neutral  fats  into  their  respective  acids,  and  glycerine  and  the 
free  fatty  acids  then  rnmhine  with  sodium  salts  to  form  .soaps.  The  fats 
splitting  enzyme  is  called  steapsin.  Its  action  has. been  discovered  in  con- 
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nectiort  with  the  neutral  fats  mixed  with  steapsin,  the  fats  breaking  up  and 
taking  up  water  producing  glycerine  and  the  fatty  acids.  The  steapsin  has 
not  been  definitely  isolated.  It  is  hard  to  preserve  because  easily  destroyed. 
If  butter  is  mixed  with  pancreatic  juice,  the  mixture  being  kept,  at  body 
temperature  there  will  be  a decomposition  of  fats  resulting  in  butyric  acid. 
The  action  of  the  ferment  depends  upon  the^normal  temperature  and  also 
upon  the  nature  of  the  fat.  A IT  the  fat  is  not  decomposed,  the  larger  pro- 
portion being  absorbed  as  neutral  fat  direct  into  the  blood.  It  seems  that 
the  steapsin  acts  on  a small  part  of  the  fat,  producing  fatty  acids  and  gly- 
cerine which  aids  in'  the  emulsification  of  the  rest  of  the  fats  so  that  it  is  of 
direct  value  in  digestion.  Emulsification  takes  place  when  an  oil  is  broken 
up  into  minute  globlets  that  are  not  coalescent,  the  particles  remaining  in- 
soluble and  distributed  in  the  medium.  If  oil  and  pancreatic  juice  are 
shaken  up  the  emulsion  is  produced.  This  takes  place  by  the  formation  of 
the  fatty  acids  which  combine  with  the  alkaline  salts  in  the  formation  of 
soaps.  As  the  chyme  comes  into  contact  with  the  pancreatic  juice  a part 
of  the  fat  is  split  up  by  steapsin,  forming'  free  fatty  acids.  These  unite  with 
the  alkalies  and  the  alkaline'salts  toTorm  soaps  producing  an  emulsifica- 
tion of  the  remainder  of  the  fats.  The  bile  is  miv^d  w1*^  pa-n^^cfiV 
juice  and  this  mixture  facilitates  the  splitting  up  of  the  fats,  especially  by 
furnishing  alkifllrie  3alrs  In  Iree  condition.  The  emulsifying  power  oi  the 
pancreatic  juice  depends  upon  its  viscidity,  on  tK^  presence  of  carbohy- 
drates and  on  the  formation  of  the  soaps  tfirough  the  action  upon  the  fatty 
substances.  The  bile,  if  present  in  the  pancreatic  juice  assists  in  the  pro- 
cess' of'emulsification.  The  proteids  are  converted  by  the  pancreatic  juice 
U£ider  the  action.  of_pepsin  into  peptones,  but  the  amount  of  peptone  pro- 
duceTdoes  not  correspond  with  the 'amount  of  proteid  matter  acted  upon. 
The  conversion  is  most  favored  up  to  40°C,  from  35°C.  being  retarded  by 
lower  temperatures.  If  boiled  it  is  completely  destroyed.  Gelatin  and 
other  albuminoid  substances,  urrrfer  the  - action  . of  tripsin  complete  the 
change  to  gelatin  peptones,  carried  to^the  gelatose  stage^bjTfhe  pepsin. 
This  is  crue  to  the  fact  that  while  the  albumin  is  changed  into  the  peptone 
and  a number  of  other  substances  are  formed,  the  peptone  becomes  partly 
changed  into  leucin  and  tryosin,  this  last  being  change  I into  indol  and  oth- 
substances  which  have  a characteristic  faecal  odor.  I enr in  pnr\  tryosin 
have  been  foundJn  the  intestinal  contents  and  it  is  supposed  that  these  are 
t o 1 me  (I  as  a result  ol  triptic  digestion.  Their  physiological  value  as  yet 
is  unknown.  J 

These  same  bodies  are  found  under  pathological  conditions  in  different 
parts  of  the  body  and  they  are  also  found  as  a result  of  the  clestruction  of 
proteids  by  bacterial  organisms.  Thus,  the  pancreatic  digestion  of  proteids 
differs  from  the  gastric  digestion  of  the  same  substances.  For  the  action 
of  pepsin  upon  proteids,  acids  must  be  present,  while  the  pancreatic  juice  is 
most  active,  when  an  alkaline  is  present  and  it  is  retarded  and  hindered 
by  neutralization  or  acidification,  although  it  may  take  place  if  slightly  neu- 
tral or  acid.  The  conversion  of  starch  into  sugar,  the  action  'upon  fa ts7'the 
formation  of  peptones  from  proteids,  each  of  these  results  is  believed  to  be 
due  to  the  action  of  a special  ferment  present  in  the  pancreatic  juice.  This 
ferment  is  the  proteolytic  ferment,  trypsin.  Trypsin  action  is  increased  by 
heating  and  lessened  by  cooling,  the  normal  temperature  being  about  40°C. 
It  raised  above  70  or  8o°C,  the  trypsin  is  destroyed.  By  cutting  the  gland 
.and  using  g ycerine  we  get  a glycerine  extract.  ' It  is  best  to  use  a gland  a 
evv  hours  old,  because  in  the  fresh  gland  we  find,  not  the  trypsin  but  tryp- 
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sinogen.  By  the  action  of  trypsin  there  are  formed  the  proteoses  and  the 
peptones  buT  the  process  is  somewhat  different.  Solids,  under  the  action 
of  trypsin,  do  not  swell  but  they  erode,  the  indigestible  elements  retaining 
the  form.  The  transformation  takes  place  directly  from  the  proteids  to 
the  secondary  proteoses,  by  the  hydrolytic  process,  after  which  the  trans- 
formation to  peptones  takes  place.  Here  the  action  of  trypsin  produces  a 
number  of  nonproteid  bodies  which  are  amido-acids.  The  peptone  that 
cannot  be  further  changed,  is  called  anti-peptone,  the  balance  being  hemi- 
peptone  representing  the  final  products  of  tryptic  digestion  other  than  the 
peptones.  It  is  peculiarly  active  in  alkaline  solutions,  decomposing  the 
albumen.  The  trypsin  is  formed  by  the  decomposition  of  tripsinogen,  as.it 
is  not  found  in  the  pancreatic  cells.  Under  the  action  of  trypsin  the  pro- 
teids,axfLchanged  into  trypton.es,  or  Tiemi’-peptories  as  Halliburton'  calls 
them,  differing  from  the  peptones  in  various  particulars.  The  fibrin  in  the 
pancreatic  digestion  does  not  swell,  remaining  opaque  and  becoming  cor- 
roded. The  peptic  digestion  is  acid,  whereas  pancreatic  digestion  is  alka- 
line, being  hindered  by  accidification  especially  with  the  mineral  acids.  If 
the  pancreatic  juice  is  mixed  with  sodium  carbonate  to  the  extent  of  I per 
cent  the  digestion  is  facilitated,  playing  the  same  part  in  triptic  solution 
that  hydrochloric  acid  plays  in  peptic  digestion.  If  the  pancreatic  juice  is 
heated  to  over  40°C  and  mixed  with  hydrochloric  acid  2-10  per  cent,  its 
action  is  destroyed.  The  mixture  of  the  bile  with  the  pancreatic  juice 
seems  to  facilitate  its  action.  By  the  action  of  this  trypsin  ferment  pep- 
tones, or  rather  triptones  are  produced,  the  great  difference  being  that  instead 
of  producing  acid-albumin  as  in  the  pepsin,  there  is  produced  alkali-albumin. 
Before  the  final  formation  of  alkali-albumin  the  fibrin  is  changed  into  pro- 
ducts that  are  intermediate  between  albumin  and  alkali-albumin.  They  are 
readily  dissolved  in  water  and  by  a weak  solution  of  copper  sulphate  yield 
in  reaction  a deep  purple  red  color.  The  decomposition  yields  the  amido — 
acids,  leucin,  tryosin  and  the  odorous  substances  phenol,  skatol  and  indol. 
Indol  may  arise  in  connection  with  proteid  decomposition  under  the  influ- 
ence of  alkalies  at  an  increased  temperature.  It  is  in  the  alkaline  medium 
that  the  germs  find  a field  for  development  under  the  influence  of  trypsin. 
This  pancreatic  ferment  can  convert  the  proteids'  into  peptones  unaided  by 
micro-organisms. 

On  the  other  hand,  leucin  and  tryosin  are  not  obtained  without  these 
m i c ro - organisms.  Indol,  it  is  claimed,  is  produced  under  the  influence  not 
of  the  unorganized  ferments  but  by  the  organized  ferment,  the  micro  organ- 
ism]being  necessary  for  its  production,  as  in  a fluid  which  yields  indol,  there 
is  always  present  some  micro-organism.  In  addition  to  this  by  the  action 
of  the  pancreatic  juice  we  find  the  nitrogenous  product,  leucin  and  tryosin. 
Under  the  influence  of  the  pancreatic  juice,  the  proteid  acted  upon  does  not 
yield  nearly  the  proportionate  proteid  products.  When  the  product  of 
digestion  is  divided  so  as  to  separate  the  alkali-albumin  there  is  yielded  by 
evaporation  crystals  of  tryosin.  If  these  are  taken  out  and  precipitation 
produced  by  a second  evaporation,  leucin  and  tryosin  crystals  are  depos- 
ited. Thus  the  proteids  under  the  influence  of  the  pancreatic  juice  divide 
up  into  the  proteid  triptones  and  into  the  substanees  that  are  not  proteid  or 
leucin  and  tryosin.  Leucin  is  a combination  of  fatty  acids  and  ammonia, 
whereas  tryosin  is  a phenyl  compound  closely  related  to  benzoic  and  hip- 
puric  acid.  These  two  represent  the  fatty  acids  and  aromatic  bodies.  The 
pancreatic  mixture  very  soon  becomes  filled  vvith  bacteria.  If  the  ferment 
is  isolated  so  as  to  prevent  the  admission  of  air  germs  or  if  salicylic  acid  is 
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used  in  connection  with  the  juice,  the  germs  are  prevented  from  develop- 
ment and  the  odor  is  absent.  Thus  the  pancreatic  juice  is  associated  with 
the  formation  of  indol  under  the  influence  of  an  organized  ferment.  We 
have  seen  that  three  ferments  act  upon  the  carbohydrates,  proteids  and  fats, 
reducing,  splitting  up  or  emulsifying  them,  the  emulsification  taking  place 
chiefly  in  connection  with  the  combination  of  the  three  juices,  although 
largely  under  the  influence  of  the  alkali-albumin. 

SECTION  XIII . Intestinal  Juice. 

This  juice,  succus  entericus,  is  believed  to  be  secreted  by  the  glands  of 
Brunner  and  Lieberkuhn.  The  information  regarding  this  juice  is  limited 
chiefly  on  account  of  the  difficulty  of  obtaining  it  pure.  By  opening  the 
abdomen  and  a loop  of  the  bowel  cut  being  across  in  double  section  and  then 
by  connecting  the  lower  end  of  the  bowel  above  the  part  cut  across  with  the 
upper  end  of  the  lower  portion  so  that  the  intestinal  canal  is  continued,  the 
cut  pai t may  be  formed  into  a.  sac.  The  Thirry-Vella  fistula  consists  of 
cutting  out  a small  part  of  the  intestine  without  injuring  the  blood  vessels 
or  nerves  and  then  stitching  the  two  open  ends  to  the  abdominal  wall  to 
form  a double  fistula.  By  suture  the  continuity  of  the  intestine  is  estab- 
lished, the  loop  being  used  to  collect  the  secretion.  It  is  a clear,  viscid 
fluid  with  a palish  yellow  color  and  a strong  alkaline  reaction.  The  secre- 
tion is  small  and  requires  stimulation  to  start  it.’  It  isjnore  plentiful  in  the 
low  er  than  in  the  upper  part  ofjhe  intestine.  It  is  freely  coagulated  by  heat 
and  under  acid  influence,  havinga  specific  gravity  of  1010.  ' It  contains  a 
small  per  centage  of  solid,  chiefly  albumin.  mucln_,and  with  the  carbonate 
EU^__trom  .25  to  .5  per  cent  and  jsbdium'  chloride.  The  invertin~fe£ 
ment  converts  the  cane  sugar  into  the  sugar  inverted. it  is  variously 
described  as  having  a digestive  Influence  over  proteids,  fats  and  carbohy- 
drates; others,  however,  claiming  that  its  action  is  confined  to  the  conver- 
sion of  starch  into  dextrine  and  maltose. 

The  intestinal  juice  acts  upon  all  kinds  of  food,  its  action,  however  be- 
ing slow  and  feeble.  The  mucin  contained  in  the  fluid  acts  as  a lubricator 
u P?n  the  tntfitnal_surfaces_pT  the~intestine,  smoo t hing  it  so  as  to  permit  tfie 
copl£nts-rUL_ pass.  tE&ely-  As  soon  as  the  chyme  passes  into  the  intestine 
the  gastric  juice  ceases  to  act  upon  it,  the  Acidity  of  the  chyme  producing 
the  flow  of  bjk^pancreatic  and  intestinal  iuices.  The  alkalinity  of  these 
juices  neutralizes  the  acidity  of  the  chyme  producing  the  normal  alkalinity 
in  the  small  intestine.  In  the  small  intestine  all  the  food  elements  become 
changed  so  as  to  be  prepared  for  absorption.  The  alkalinity  is  greatest  in 
la>’euS  ,cl?se  to. the  mtestinal  wall,  the  internal  layers  being  slightly 
a,  , , hydrochloric  acid  of  the  imstnV  juice  precipitate  pepsin  and 
gdycocholate,  the_Uurocholate  precipitaf  1 n g the  albumin  not  transformed 
■nto  peptones,  the  peptones  and  - triptoncs  remaining  in  the  solution. 
Ihe  solution  that  is  formed  is  thick  and  glairy.  At  the  upper 
part  of  the  intestine  the  chyme  is  of  a pale  yellow  color  due  to  the  bile  in- 
uence,  at  the  lower  part  it  is  much  paler.  As  it  passes  down  the  alkalin- 

cis  °n1aCCOUn^  °f  act.lon  of  the  three  juices,  the  digestive  pro- 

fond  ^ TTg  in°ar  u comPleted>  ieavmg  very  smaH  quantities  of  undigested 
ffiai  Tnhder-  hC  ,n^lenCef  of  the  alkalinity  the  triptone  digestion  takes 

place  The  viscous  solution  formed  by  the  bile  is  dissolved  but  the  pepsin 

starch  "a01  behaUSe  °/  the alkalinity  in  the  solution.  The  remnants 
“ ai£  changed  to  maltose,  the  fatty  substances  becoming  emulsified 
and  the  albuminous  substances  changed  to  leucin  and  trypsin.  Th?s  iites- 
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tinal  secretion  has  no  definite  action  upon  the  proteids.  The  sodium  car- 
bonates assist  in  the  emulsifiying  of  fats.  Jn  connection  with  the  carbohy- 
drates it  has  an  important  action.  There  is  an  amylolytic  ferment  more  plen- 
tiful in  the  upper  part  of  the  intestine  acting  upon  the  starch  and  converting  it 
into  maltose  and  dextrin.  In  addition  the  presence  of  the  invertin  transforms 
cane  sugar  into  dextrin  and  laevulose,  and  the  maltose  to  dextrose.  The 
double  saccharines,  cane  sugar,  rililk  sugar  and  maltose,  which  are  found  com- 
monly in  all  diets,  are  acted  upon  by  the  inverting  ferments  so  as  to  form 
simpler  bodies,  the  absorption  taking  place  finally  in  connection  with  dextrose 
which  is  the  final  product  of  conversion.  Gallstones  are  often  formed  in  the 
gall  bladder,  sometimes  smaller  obstructions  being  found  in  the  bile  passages. 
The  most  common  kind  of  gallstone  is  composed  of  cholesterin.  sometimes 
with  a little  pigment,  at  other  times ~Deing  colored  with  pigment.  These  are 
crystalline  in  structu.e.  Another  kind  of  gallstone  consists  of  bilirubin  and 
calcium,  these  being  dark  in  color.  Sometimes  the  gallstones  consist  of  bili- 
rubin derivatives  and  sometimes  of  inorganic  salts.  These  gallstones  originate 
ip  a ueucleus,  the  matter  being  collected  around  this  center.  The  origin  of 
the  stone  is  found  in  connection  with  the  bile,  the  cholesterin  or  bilirubin  col- 
lecting  together  instead  ot  remaining  m solution  in  fluid.  During  the  progress 
in  these  ^various  changes  the  peristaltic  action  of  the  muscular  fibers  propeUs 
the  chyme  along  the  course  of  the  intestine,  the  absorption  of  the  soluble  mat- 
ters taking  place  in  connection  with  the  blood  vessels  and  the  mucous  projec- 
tions of  the  intestine.  Thus,  the  chyme  is  gradually  transformed  and  dimin- 
ished, these  processes  preparing  it  for  passage  into  the  great  intestine..  Very 
seldom  is  there  any  quantity  of  chyme  in  the  intestine,  as  it  passes  quickly  in 
absorption  and  excretion 

The  chyme  as  it  passes  into  the  intestine  comes  into  contact  with  the  bile 
and  pancreatic  juice,  changing  the  acidity  into  alkalinity.  In  the  human  sub- 
ject the  chyme  becomes  alkaline  before  passing  far  down  the  intestine.  The 
conversion  of  starch  to  sugar  which  was  stopped  in  the  stomach  begins  again 
under  the  influence  of  the  pancreatic  and  intestinal  juices  and  is  continued  un- 
til the  greater  proportion  is  digested  The  pancreatic  juice  emulsifies  the  fats, 
the  neutral  fats  passing  to  the  lacteals.  The  bile  and  pancreatic  juice  provide 
an  alkaline  medium,  the  pancreatic  juice  furnishing  the  fatty  acid,  and  the  bile 
dissolving  the  soaps.  Thus  the  two  juices  unite  in  emulsification  in  the  small 
intestine,  the  gray  colored  chyme  becoming  in  the  small  intestine  whitish 
cream  colored.  The  pancreatic  juice  thus  assists  in  the  changing  of  fats  for 
absorption  in  the  lacteals.  The  bile  also  assists  in  this  process  as  the  removal 
of  the  bile  by  ligature  and  fistula  seems  to  retard  fat  digestion,  throwing  quan- 
tities as  it  into  the  faeces.  The  intestinal  juice  does  not  possess  large  emulsi- 
fying power.  This  was  shown  by  a case  in  which  the  duodenum  opened  by  a 
fistula  so  as  to  separate  the  upper  and  lower  parts.  Fats  placed  in  the  lower 
part  were  hardly  subjected  to  digestion,  because  of  the  absence  of  the  bile  and 
pancreatic  juices,  so  that  fat  digestion  is  largely  carried  on  by  the  mixture  of 
bile  and  pancreatic  juice.  In  the  intestine  there  is  formed  the  substances  under 
the  influence  of  micro-organisms,  resulting  in  indol  and  indican,  sojhat  thejrc- 
tion  of  the  combined  juices  in  the  intestine  is  modified  by  the  presence  o.  micro- 
organisms. It  is  chiefly  in  connection  with  the  proteids  and  carbohydrates 
that  this  micro-organic  decomposition  takes  place.  From.,  the  pXQtcr  are 
formed  indol,  phenol  appearing  in  the  faeces  and  urine.  There  are  also  formed 
in  connection  with  the  proteids  ptomaines  in  the  process  of  putrefaction  i he 
principal  action  of  the  micro-organisms  is  in  connection  with  carbohydrates. 
As  the  food  passes  down  the  intestine  there  is  present  lactic  acid  formed  by 
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lactic  acid  fermentation.  This  is  supposed  to  take  place  normally  in  the  intes- 
tine. The  presence  of  free  H in  the  intestine  indicates  fermentation  changes. 
If  chyme  is  taken  from  the  intestine  and  kept  at  bodily  temperature,  CO  and 
H will  continue  to  be  formed  indicating  the  butyric  fermentation  process.  In 
this  way  the  sugar  becomes  transformed  to  the  fatty  acid  group  and  may  be 
changed  to  fat.  The  H acts  as  a reducing  agent,  acting  on  sulphates  and  pro- 
ducing sulphides  and  forming  faecal  and  urine  pigments.  Thus,  in  the  small 
intestine  proteids  are  changed  to  peptones  and  other  substances,  starch  to  su- 
gar, and  sugar  to  lactic  acid  and  fat,  these  passing  into  the  lacteals  or  the 
blood  vessels,  the  remainder  being  excess  faeces  or  urine. 

SECTION  XIV.  Processes  in  the  large  Intestine  ancl  Passages  to  the 

Rectum. 

Bv  the  absorption  of  the  soluble  elements  from  the  chyme  it  is  lessened  in 
quantity,  passing  into  the  great  intestine  to  be  subjected  to  the  action  of  secre- 
tion arising  from  glands  similar  to  those  of  the  small  intestine.  As  in  the 
small  intestine  there  are  movements  of  the  intestinal  contents  due  to  the  per- 
istaltic contraction  of  the  muscular  fibers  of  the  intestine.  The  movement, 
however,  is  much  slower  than  in  the  small  intestine  as  the  bowel  is  not  so  free,’ 
being  in  the  greater  part  of  its  extent  fixed  by  the  peritoneum.  The  passage 
of  the  contents  through  the  large  intestine  take  a much  longer  time,  than  °is 
occupied  in  the  small  intestine,  although  the  large  intestine  is  only  about  }i 
of  the  length  of  the  small  one.  It  is  estimated  that  from  12  to  18  hours  are 
occupied  in  the  passage  through  this  large  intestine.  This  length  of  time 
includes  the  lottg'tftne' during  which  substances  continue  in  the  caecum,  becom- 
ing more  solid  on  account  of  the  water  being  absorbed. 

The  sharp  ridges  projecting  into  the  intestines,  divide  the  intestine  into  a 
number  of  compartments,  delaying  the  passageofthe  contents.  The  rectum  also 
accumulates  the  materials,  the  sphincters  preventing  the  rapid  passage.  The 
movements  of  the  large  intestine  are  essentially  the  same  as  those  of  the  small, 
the  move  neats  of  the  large  in  testine  beginning  at  the  point  where  the 
small  intestinal  movements  stop,  namely,  the  ilio-c^cal  valve.  The  move- 
ments are  more  simple  because  of  the  absence  of  the  loops  and  the  absence  of 
the  muscular  fibers,  to  any  great  extent.  The  movement  is  from  sacculus  to 
sacculus  along  the  colon,  peristaltic  contraction,  driving  the  contents  from  the 
one  to  the  other,  the  contraction  of  the  circular  fibers  being  followed  by  relax- 
ation of  the  circular  and  contraction  of  the  longitudinal  fibers  in  the  next  suc- 
ceeding sacculus  The  edges  of  the  ilio-caecal  valve  close  the  caecum  so  that 
regurgitation  into  the  small  intestine  is  impossible,  When  the  faecal  contents 
arrive  at  the  sigmoid  curvature,  they  are  upheld  by  the  bladder  and  caecum  so 
as  to  press  on  the  sphincter  ani. 

The  nervous  connection  with  the  large  intestine  is  as  yet  unknown.  The 
excitation  of  the  pueumogastric  tends  to  stimulate,  while  the  excitation  of  the 
splanchnic  sympathetics  does  not  stimulate  the  activity  of  the  large  intestine 
No  digestive  process  goes  on  in  the  large  intestine.  The  contents  are  of  a dis- 
tinctly faecal  character,  and  are  acid  in  reaction,  this  being  due  to  the  acid  fer- 
mentation of  the  intestinal  contents  and  not  to  any  acid  secretions  yielded  by 
the  glands  in  the  intestinal  mucous  membrane.  The  secretion  of  the  large 
intestines  is  composad  largely  of  mucus,  having  probably  no  special  enzyme  of 
its  own.  In  passing  from  the  small  intestine  there  are  still  undigested  elements 
but  these  are  mixed  with  the  enzymes  of  the  small  intestine  which  probably 
act  for  some  time.  In  the  large  intestine  the  contents  are  alkaline  toward  the 
walls,  the  secretion  of  the  intestinal  glands  being  alkaline  in  reaction  while 
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toward  the  middle  of  the  intestine  and  away  from  the  walls  they  are  acid.  In 
the  human  subject  the  intestinal  changes  consist  of  the  formation  out  of  the 
waste  elements  of  the  food  of  the  bile,  and  other  secretions,  oTfaecal  substancgg. 
In  tliecaeCtffll  these -waste  matters  become  closely  packed  together' on  account 
of  the  absence  of  the  peristaltic  action.  The  fermentation  going  on  produces 
certain  acids,  lactic  acid,  butyric  acid,  and  also  the  generation  of  certain  gases 
a§  FT,  sul  phuretted  H,  etc.  The  water  becomes  absorbed  by  the  blood  vessels. 
In  this  way  the  intestinal  contents  become  more  and  more  solid,  the  water  being 
absorbed.  The  putrefaction  changes  also  give  rise  to  the  formation. of  certain 
acids,  such  as  palmitic  acid,  together  with  the  odorless  substances,  phenol^ 
q-esoal,  iudol  and  skatol.  The  bile  that  passes  down  into  the  large  intestine 
becomes  changed  into  taurin,  glycocin,  cholalic  acid  which,  together  with 
pigments  and  acids  of  the  bile  are  found  in  the  faeces.  These  faeces  have  a 
characteristic  odor  which  varies  in  the  individual  and  at'different  times.  This 
aroma  arises  from  the  decomposition  of  the  contents  of  the  stomach  and  intes- 
tines. These  may  be  either  acid  alkaline  or  neutral.  In  the  case  of  dieting 
upon  the  carbohydrates  and  faeces  become  characteristically  acid.  If  the  diet 
is  albuminous  they  become  alkaline.  The  color  also. varies  with  the  food.  The 
dark  color  arises  in  the  case  of  an  animal  diet.  In  vegetable  diet  a lighter 
color  and  in  a mixed  animal  and  vegetable  diet  a yellowish  brown.  In  jaun- 
dice the  faeces  become  a dark  yellow.  Microscopic  examination  discloses  the 
presence  of  indigestible  materials  including  ligaments  from  fleeh  and  cellulose, 
indigested  matters  as  tissues  in  fragmentary  stages.  These  tissues  vary  with 
the  diet.  Among  the  other  substances  found  are  mucus,  fatty  cells,  starchy 
globules,  fibers  in  different  stages  of  decomposition,  crystals  of  the  triple  phos- 
phates. 

There  may  also  be  found  the  acids,  pigments,  cholesterin,  excretiu  and 
soaps  found  in  connection  with  the  gastric  and  other  juices.  In  a mixed  diet 
they  contain  about  75  per  cent  of  water  while  in  diet  upon  animal  food  this  is 
usually  reduced  to  50  or  60  per  cent,  about  25  per  cent  being  solid  matter,  of 
which  about  4 per  cent  consists  of  salts,  chiefly  triple  phosphates  of  ammonia 
and  magnesia.  The  normal  human  subject  is  estimated  to  pass  about  150  to 
200  grams  daily  as  faeces.  This  amount,  however,  depends  somewhat  upon 
the  nature  of  the  food.  In  vegetable  diet  the  amount  being  largely  increased 
because  of  the  amount  of  indigestible  matter,  such  a diet  in  same  yielding  450 
grams.  In  the  large  intestine,  C Oo  is  the  chief  gas  found  together  with  H, 
sulphuretted  H and  carburetted  H.  In  the  rectum  the faeces  remain  for  a var- 
iable-  time..and  they  are  expelled  as  the  result  of  relaxation  of  the  internal 
sphincter,  contraction  of  the  walls  of  the  rectum  and  of  the  abdominal  muscles 
assisted  by  the  fixed  action  of  the  diaphragm.  The  pressure  of  the  faeces  upon 
the  mucous  of  the  lower  portion  of  the  rectum  arouses  the  impulses.  If  this 
pressure  does  not  reach  a certain  limit  the  sphincter  resists  the  evacuation.  If 
pressure  reaches  a certain  limit  there  follows  a series  of  reflex  contrac- 
tions at  intervals  in  the  rectum,  the  contraction  extending  to  the  sigmoid  cur- 
vature of  the  colon.  By  these  contractions  the  internal  sphincter  yields,  the 
external  sphincter  yielding  to  the  will.  The  sphincter  consists  of  involuntary 
muscles,  having  nerve  connections  with  the  sympathetic  system  and  from  the 
spinal  nerves  from  the  sacrum.  The  external  sphincter  ani  is  composed  of 
striated  muscle  tissue  and  is  therefore,  at  the  disposal  of  the  will.  Defecation., 
is  therefore,  a mixed  action  partly  voluntary  and  partly  involuntary.  The 
voluntary  element  depends  upon  the  action  of  the  abdominal  muscles  in  the 
production  of  pressure.  There  is  a contraction  of  these  muscles  similar  to 
expiration  but  as  the  glottis  is  closed  the  pressure  is  all  brought  to  bear  upon 
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the  abdominal  muscles,  pushing  the  contents  of  the  colon  down  toward  the 
rectum.  This  pressure  does  not  affect  the  sigmoid  curvature.  The  spinchter 
ani  protects  the  anus,  the  sphincter  being  normally  in  the  state  of  tonicity  so 
that  there  is  the  capacity  of  contraction  or  relaxation  depending  upon  the  stim- 
ulation. The  nervous  impulses  from  the  lumbar  center  kept  up  the  tonic  con- 
traction for  relaxation  follows  the  division  of  the  nervous  connection.  If  the 
spinal  cord  is  cut  above  the  lumbar  region  there  is  only  a slight  depression  of 
the  sphincter  followed  by  a return  to  its  normal  condition.  This  indicates  that 
(he  faecal  center  is  in  the  lumbar  region.  This  is  the  rpntpr 


uic  ecuier  01  reflpx  action 

dependitrgmipon  local  stimulation  and  upon  the  impulses  of  the  higher  center 
upder  the  control  of  the  will.  The  center  may  be  inhibited  and  thus  the 
spnmcter  will  relax  or  it  may  be  stimulated  and  the  sphincter  will  contract 
still  more.  Therefore,  in  addition  to  the  muscular  action  there  is  the  inhibition 
of  the  lumbar  center  as  a part  of  the  defecation  process.  Even  in  diseased 
brain  conditions  there  is  not  of  necessity,  any  effect  upon  the  sphincter  and  if 
paralysis  of  the  sphincter  accompanies  cerebral  conditions  this  is  due 
to  the  reflex  inhibition  of  the  lumbar  center.  These  two  actions  are  not  suffi- 
cient to  account  for  defecaticn^as^the  abdominal  pressure  is  prevented  by  the 
sigmoid  curvature,  so  that  the  sigmoid  curvature  would  remain  full  of  matter. 
In  order  to  accomplish  the  emptying  of  this  flexure  the  peristaltic  action  of 
the  intestine,  flexure  and  rectum  is  brought  into  play.  Iff  the  rectal  peristal- 
sis_thereis  a marked  peristalsis  of  the  circular  and  longltudirnTfl  hers  By 
long^tuainarpe^stalsis  the  rectum  is  shortened,  the  movement  being  from 
aboye  downward.  As  the  anus  is  a fixed  base,  this  results  in  drawing  down 
the  rectal  canal.  By  circular  contraction  travelingjrom  above  downward  the 
rectal  canal  is, narrowed,  resulting  in  tlm  excretion  of  the  contents  As  the 
large  intestine  and  the  sigmoid  curvature  becomes  filled  with  contents  \strong 
peristalsis  is  aroused  in  the  walls  driving  the  faeces  into  the  rectum  and  against 
the  sphincter.  By  inhibition  of  the  lower  center  the  sphincter  is  relaxed^  the 
abdommal  muscles  pressing  upon  the  descending  colon  so  that  by  contraction 
of  the  ievator  am  the  faeces  are  excreted.  The  reaction  of  the  walls  of  the  large 
intestine  is  alkaline  but  the  contents  become  acid.  This  is  due  to  acid  fermen- 

the  presence  of 

gases,  t he  fermentation  depends  upon  the  nature  of  the  food  These  fer- 

ortankm^  Chplg!u  are  PeculiaJ’  beinff  carried  out  in  connection  with  the  micro- 
organisms. By  the  process  of  absorption  the  contents  become  hard  and  dry 
They  consist  of  undigestible  and  undigested  food  elements  with  fibrous  mat- 
ters,  cellulose  connective  tissue.  To  these  must  be  added  the  productions  of 
pign^mlyf  \’fCr^tlon’  albumin  fatty  acids,  salts  and  phosphates.  The 

?fgtnhrb  l - ^V^iSdfenVedi  fr°in  thfbile  Pigment,  being  called  stercobilin. 
the  bile  is  cut  off  the  faeces  become  clav  colored.  These,  together  with  the 

aromatic  substances  form  the  chief  elements  that  constitute  the  faeces.  The 
act  of  defecation  is  under  the  control  of  the  special  nervous  centers  situated  in 

rectuTandd°V,01V0ftheSPiinalTd  havin&  ^nsory  and  motor  fibers  to  the 
IS  d efeCatl°n  muscles-  This  center  is  subject  to  the  influence  from 

hS  J’’gher  centers-  Thls  evident  from  the  fact  that  in  comatose  conditions 

trol  o^^h?winT,meS-ParaIyZediand  the  defecatiou  is  no  longer  under  the  con- 
tr°  mu  6 W1  ’ becorn)nff  entirely  involuntary. 

fibers  somerfrnnUPthly  t0  Ule  reCtal  muscles  consists  of  motor  and  inhibitory 

from  the^ord  tht  ^°Ugh  the  ^gastric  plexus  and  some 

rotn  the  chord  of  the  lumbar  region  through  the  sympathetic  ganglia  the  in- 

ParXsE  oTtheCsg?!Kl’ta  h> jogastric^  This,  however  is  difputed.  The 

paralysis  ot  the_sphincter  being  said  by.somePh^  to  be  due  to  the  in- 
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hibition  of  the  lumbar  center.  In  the  rectal  movements  we  find  distinctation 
of  the  longitudinal  and  transverse  fibers,  the  longitudinal  movements  being 
directed  from  above  downward,  causing  the  shortening  of  the  rectum,  the 
transverse  movements  traveling  in  the  same  direction,  but  following  the  other 
contractions,  causing  a narrowing  of  the  rectum  and  thus  pushing  onward  the 
matters  within  the  rectum.  The  special  changes  in  the  large  intestine  are 
bacterial.  Bacteria  are  usually  prevented  from  being  active  by  the  strong  acid 
reaction  of  the  juice.  In  connection  with  dyspepsia  we  find,  however,  certain 
bacteriological  developments  in  the  case  of  the  carbohydrates.  In  the  small 
intestine  the  normal  alkalinity  of  the  secretion  favors  such  bacteria.  It  was 
formerly  supposed  that  the  proteid  decomposition  involved  such  a bacterial 
development.  But  recent  experiments  have  indicated  that  the  contents  just 
before  passing  to  the  large  intestine  are  acid,  if  a mixed  diet  is  used,  acetic 
acid  being  formed  in  connection  with  organic  substances  normally  about  1-10 
per  cent.  This  acid  must  have  arisen  from  bacterial  decomposition  of  the 
carbohydrate  and  not  of  the  proteids. . The  formation  of  such  acid  preventing 
proteid  putrefaction.  This,  however,  may  be  changed  in  the  case  of  a large 
proportion  of  proteid  in  the  food  or  a deficiency  iu  the  absorption  of  the  small 
intestine.  Iu  the  large  intestine  the  acidity  is  destroyed  by  alkaline  reaction 
so  that  in  the  large  intestine  there  may  be  proteid  putrefaction.  This  putre- 
faction while  normal  may  vary  considerably  within  definite  limits.  The  pro- 
ducts thus  produced  are  ieucin,  tryosin,  indol,  lactic  acid,  sulphuretted 
hydrogen,  etc!  Some  of  these" "afeTffisdrbe~d  in The  blood  and' passed  to  the 
urine;  others  stimulate  peristaltic  action. 

If  the  stomach  and’intestines  are  removed  from  the  body  and  subjected  to 
stimulation  the  result  will  be  movements  of  a peristaltic  nature.  Therefore, 
the  entire  alimentary  canal  has  the  power  automatically  of  carrying  out  its  own 
movements.  If  the  vagus  nerve  is  stimulated  very  strong  peristaltic  move- 
ments will  result  in  the  oesophagus,  the  stomach  and  intestines.  The  normal 
stimulation  is  the  presence  of  food  in  the  intestine.  It  is  supposed  that  by 
stimulating  the  mucous  membrane  impulses  are  sent  up  that  descend  along  the 
vagus,  thus  reaching  the  stomach  and  the  upper  part  of  the  lower  intestine  by 
the  terminals  of  the  two  vagi  and  to  the  intestines  by  the  posterior  vagus  which 
passes  through  the  solar  plexus  and  the  mesenteric  nerves.  Even  after  the  di- 
vision of  both  vagi,  however  the  movements  still  continue.  The  neryes  _of_ 
the  vagi,  therefore,  act  as  accelerator  fibers_tQ~the.  alimentary  canal.  Similar- 
ly; life  splanchnic!  act  as  inhibitory  fibers  so  that  by.  stimulating  these — fibers 
the  peristalsis  may  Hy  aiUfl  fiver  ■1?tPPPprb-  This  is  explained  by  the  fact 

that  while  the  splauchnics  have  fibers  for  constriction  to  the  intestinal  blood 
• vessel sl the^'alsb  have  inhibitory  fibers  for  the  muscular  coat  and  the  vagi  have 
accelerator  fibers  for  the  muscular  coat  and  dilator  fibers  f*or  the  blood  ves- 
sels. In  the  rectum  the  muscular  coats  have  different. nerve  connections  . the 
longitudinal  coat  being  controlled  by  the  uervi  erigentes  through  the  hypogas- 
tric plexus  coming  from  the  spinal  cord  by  the  anterior  roots  of  the  2d  and  3d 
sacral  nerves.  The  stimulation  of  these  contracts  the  longitudinal  fibers  of  the 
rectum.  The  circular  coat  is  regulated  by  nerves  leaving  the  spinal  cord  by 
the  anterior  roots  of  the  lower  dorsal  and  first  two  lumbar  nerves  passing 
through  the  inferior  mesenteric  ganglia,  the  hypogastric  nerves  and  the  hypo- 
gastric plexus.  Irritation  of  these  fibers  results  in  contractions  of  the  circular 
coat.  Thus  the  rectal  movements  are  more  closely  connected  with  the  central 
nervous  system  than  the  rest  of  the  alimentary  canal.  In  the  small  and  large 
intestines  the  nervous  system  supplies  and  regulates  the  movements  without 
originating  them,  while'  in  the  rectum  the  lumbar  region  and  its  fibers  carry 
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out  the  rectal  movements  by  reflex  action.  In  diseases  of  the  central  nervous 
system  it  is  here  that  constipation  is  produced,  the  faecal  contents  accumulating 
in  the  sigmoid  flexure  and  the  colon.  In  addition  to  the  stimulation  produced 
by;  the  food  contents  in  the  intestines  t.he_deiicient  oxygenation  of  the  blood  m 
the  alimentary  walls  arouses  peristaltic,  action.  If  the  blood  is  interfered  with 
by  clamping  the  aorta  peristalsis  becomes  violent.  Hence,  in  death  by  asphyx- 
ia. the  interference  with  respiration  produces. a discharge  of  faeces.  Thus 
the  absence  of  blood  or  deficiency  of  oxygenation  stimulates  peristalsis. 


We  have  found  that  there  are  different  processes  through  which  the  food 
passes  in  being  made  soluble  so  as  to  be  capable  of  holding  in  solution  certain 
substances.  In  considering  this  question  of  absorption,  we  must  regard  the 
blood  as  exerting  on  one  side  of  an  organic  membrane  certain  pressure  while 
there  is  another  fluid  on  the  other  side  holding  in  solution  certain  substances. 
If  we  have  two  fluids  that  can  be  mixed  aside  from  any  chemical  changes  and 
if  these  two  fluids  are  poured  together  there  will  be  diffusion  between  the  two 
fluids  till  there  is  a uniform  mixture  of  the  fluids.  There  will  be  diffusion 
even  if  the  fluid  that  is  poured  on  the  top  is  lighter  because  part  of  the  heavier 
fluid  will  rise  to  mix  with  the  lighter  fluid.  It  is  very  similar  to  the  diffusion 
of  gases,  the  difference  being  that  liquid  diffusion  requires  much  more  time. 
For  example,  it  will  take  seven  weeks  to  diffuse  a solution  of  common  salt  with 
a solution  of  sulphate  of  copper  poured  upon  it;  it  will  take  longer  time  to  dif- 
fuse a solution  of  water  with  an  overlying  solution  of  albumin.  This  diffusion 
will  be  increased  by  a rise  in  temperature.  If  there  is  a separation  of  a porous 
character  between  the  fluids,  the  fluids  will  diffuse  through  the  pores  repre- 
senting a large  number  of  fluid  channels.  In  this  case  we  find  capillary  imbi- 
bition without  volmetric  increase.  This  differs  from  the  imbibition  with 
change  of  volume  as  in  the  case  of  gelatin  absorbing  water  solution  the  water 
passing  into  the  interstitial  spaces.  It  is  in  this  way  that  albumin  and  starch 
together  with  connective  tissue  absorb  fluids.  If  tendons  are  dry  they  will 
absorb  more  than  twice  their  weight,  cartilages  and  connective  tissues  more 
than  three  times  their  weight.  If  the  membrane  is  dry  that  is  brought  iuto 
connection  with  the  fluid  it  will  be  distended,  the  distension  being  greater  in 
the  water  solution  than  in  a saline  solution,  the  water  being  absorbed  and  the 
salt  concentrated.  There  is  an  attraction  for  the  water  in  the  pores,  this  at- 
traction being  found  in  the  walls  of  these  canals  while  the  saline  solution 
passes  through  the  center  of  the  pores.  In  this  way  when  brought  into  contact 
with  an  animal  membrane  there  are  two  fluid  layers,  (1)  next  to  the  walls  con- 
sisting of  water  and,  (2)  the  layer  in  the  center  containing  a salt  solution.  If 
two  fluids  are  separated  by  the  membrane  while  both  fluids  are  subject  to  the 
same  pressure  there  will  be  diffusion  current  passing  in  both  directious.  If  we 
have  water  and  a solution  of  saline  matter  the  water  will  pass  more  freely  so 
that  the  saline  solution  will  increase  in  volume.  This  will  go  on  until  the 
saline  matter  diffuses  equally  on  both  sides  of  the  membrane.  Glutinous  sub- 
stances will  not  pass  through  membranes  unless  very  slightly,  but  they  will 
attract  a large  proportion  of  the  fluid  from  the  other  side  of  the  membrane.  If 
the  glutinous  matter  is  mixed  with  some  substance  having  a crystalline  struc- 
ture, then  the  crytalloid  will  diffuse  more  slowly  than  if  separate  and  the 
glutinous  substance  will  diffuse  much  more  slowly  than  if  alone  in  the  fluid. 
If  a solution  of  albumin  is  mixed  with  salt,  the  salt  will  almost  entirely  diffuse 
out  of  the  albumin  solution  In  this  way  colloids  and  crystalloids  may  be 
separated  by  diffusion.  When  the  diffusion  of  fluids  takes  place  under  the  in- 
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fluence  of  pressure  through  animal  membrane,  it  is  called  filtration.  If  the 
pores  of  the  membrane  are  large,  then  not  only  the  fluid  but  blood  corpuscles 
and  milk  globlets  will  also  pass  through.  Usually,  however,  the  membrane  is 
more  delicate  and  then  morphological  elements  are  arrested.  It  is  under  the 
influence  of  diffusion  and  filtration  principles  that  absorption  takes  place. 
Aside  from  the  fats  it  was  formerly  .supposed  that  absorption  was  a simple 
physical  process,  there  being  either  osmosis  or  filtration  or  both  'combined. 
This  has  given  place  to  the  theory  which  takes  account  of  the  activity  of  the 
epithelial  cells  acting  according  to  the  living  properties  of  animal  membranes. 
Diffusion  and  osmosis,  however,  partially  explain  the  processes.  When  two 
mixable  fluids  are  separated  by  a membrane  there  is  a certain  diffusion  through 
the  membrane  and  this  is  called  osmosis  or  dialysis,  this  diffusion  taking  place 
independently  of  pressure  on  either  side.  There  may  be  as  we  have  said,  pores 
in  the  membrane  but  this  is  not  necessary,  as  the  membrane  may  imbibe  the 
fluid  and  thus  by  the  swelling  of  the  membrane  prepare  the  way  for  osmosis. 
If  two  different  substances  are  separated  by  a membrane,  diffusion  takes  place 
until  equilibrium  is  established  except  in  the  case  of  certain  soluble  substances 
that  are  not  dialyzable.  Hence,  Gra.ham  divides  these  soluble  subst^py^ 
into  two  classes.  (1)  dialyzable,  called" crystalloids,  and,  (2)  non-dialyzable,  call- 
ed. "colloids.  Gelatin  is  the  best  example  of  the  latter.  In  the  case  of  the 
crystalloid  an  osmometer  can  measure  the  rapidity  of  the  osmosis.  In  the  case 
of  a strong  solution  of  sodium  chloride  placed  in  a tube  with  a membrane  at 
one  end  and  then  placing  the  membrane  in  contact  with  distilled  water  the 
diffusion  will  take  place  both  by  exosmosis  and  endosmosis.  There  is  much 
greater  water  diffusion  than  salt  diffusion,  hence  the  endosmotic  equivalent  is 

w 3. 1 0 r 

estimated  by  dividing  the  water  by  the  salt,  : - — ,this  approximately  repre- 

sal  1 

sentiug  the  dialytic  rate.  Thus,  in  osmosis  there  must  be  two  mixable  liquids 
with  a separating  membrane.  Thus,  we  find  in  the  process  of  absortion  the 
blood  and  lymph  on  the  one  side  and  the  soluble  contents  of  the  starch  and  in- 
testine on  the  other.  The  food  substance  we  have  considered  in  the  different 
stages  of  digestion,  the  elements  being  separated  in  such  a way  as  to  leave  the 
nutriment  in  the  fluid  solution,  the  insoluble  matters  becoming  soluble  in  water 
and  the  fats  being  emulsified  so  as  to  be  minutely  divided.  This  prepares 
these  substances  for  absorption.  To  this  process  of  absorption  we  apply  the 
principles  of  physics  bearing  upon  diffusion.  These  nutritious  matters  are  as 
yet  outside  the  body  in  the  passage  through  the  alimentary  canal.  As  we  have 
seen,  digestion  consists  of  the  conversion  of  proteids  that  are  non  diffusable 
into  diffusable  peptones  by  the  emulsification  of  fats  so  as  to  prepare  for  the 
absorption  process.  This  process  takes  place,  (x)  in  connection  with  the  ali- 
mentary canal  and,  (2)  in  connection  with  the  other  organs. 

(1.)  During  digestion  in  the  stomach,  water,  salts,  sugar  and  peptone  pass 
into  the  blood  vessels  in  the  gastric  mucous  membrane  and  are,  by  them,  con- 
veyed to  the  liver.  Absorption  takes  place  in  the  stomach  and  in  the  intes- 
tines, and  it  is  especially- n the  small  infesting  that  absorption  takes  place  ~m 
connection  with  the  capillaries 'of  the  portal  system,  the  absorbed  substances 
being  carried  into  the  liver  and  fly 'tlie"lacfeals~ihT6  the  13’inphatic‘Systeln,  being 
finally  transferred  to  the  blood,  and  through  the  blood  conveyed  to  the  differ- 
ent tissues.  Absorption  that  takes  place  direct^  through  the  blood,  reaches 
the  tissues  much  more  quickly,  as  the  lymph  flow  is  so  slow  that  it  takes  along 
time  to  pass  through  the  lymph.  All  nutrient  matter  passing  through  the 
blood,  must  pass  through  the  liver  by  the  portakcirculatiou.  These  two  chan- 
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nels  representing  the  great  fluid  circulations  of  the  body,  namely,  the  blood 
and  lymph. 

Magendie  showed  that  not  only  the  lymphatic  system  but  also  the  blood 
capillaries  are  engaged  in  absorption  by  showing  that  if  the  thoracic  duct  is 
ligatured  and  a soluble  poison  passes  to  the  intestine,  the  death  of  the  animal 
will  take  place  as  soon  as  normally  without  any  ligature. 

The  blood. — The  mucous  lining  of  the  stomach  and  the  intestines  is 
abundantly  provided  with  blood  vessels  lying  directly  underneath  the  epithe- 
lial lining.  If  injections  are  made  the  capillary  plexuses  may  be  distinguished 
by  the  action  of  poison  upon  them.  In  the  stomach  the  capillaries  are  found 
to  form  networks  of  irregular  structure.  In  the  small  intestine  the  capillary 
plexuses  exist  in  the  form  of  loops  changed  into  the  villi  while  in  the  large 
intestine  the  network  of  capillaries  is  regular.  These  capillaries  are  normally 
filled  with  blood  slowly  moving  and  exerting  a pressure  on  the  internal  surface, 
separated  by .the  vessel  walls,  connective  tissues  and  epithelium  from  the  chyme 
" hich  contains  the  soluble  food  matters.  In  this  way,  by  the  clo^e  connection 
of  the  blood  and  the  solution  containing  certain  substances  we  find  results  in  the 
passage  by  absortion  into  the  blood,  of  water,  saltsand  peptones,  these  passing  in 
the  blood  to  the  liver.  This  interchange  between  the  blood  and  the  lymph  in 
the  respective  systems  and  the  fluid  contents  of  the  stomach  and  intestines 
takes  place  on  the  basis  of  the  principles  of  diffusion.  When  the  blood  and  the 
lymph  becomes  deficient  in  water,  salt  and  saccharine  matters,  these  substances 
pass  from  the  fluid  in  the  intestines.  The  diffusion  takes  place  on  the  basis  of 
the  difference  in  the  substances  found  in  the  respective  fluids.  The  rapidity  of 
the  diffusion  process  depends  to  some  extent  upon  the  motion  of  the  fluids,  the 
peristaltic  action  of  the  stomach  and  intestines  keeping  the  digestive  fluid  in 
constant  movement.  It  is  a process  of  diffusion  and  not  of  filtration,  subject  to 
pressure.  The  blood  and  lymph  and  the  intestinal  fluids  are  in  motion  and 
hence  are  brought  closely  together,  separated  by  the  membrane.  The  concen- 
tration differs  on  the  two  sides  of  the  membrane.  As  the  blood  and  lymph 
move  and  as  the  intestinal  contents  move  diffusion  is  favored.  This  would  ac- 
count  for  the  diffusion  and  absorption  of  water,  salts  ancLsugar.  This  process 
of  diffusion  does  not  account  for  the  absorption  of  fatty  substances  and  albumin 
Albumin  will  not  readily  pass  through  a membrane  by  diffusion,  and  only  if 
the  fluid  upon  one  side  of  the  membrane  is  rich  in  albumin  while  on  the  other 
side  there  is  none.  There  is  a large  percentage  of  albumin  in  the  blood  and 
vmph,  about  7 and  3 per  cent  respectively.  This  albuminous  matter  however 
by  the  digestive  processes  is  changed  into  peptones,  these  being  readily  soluble 
in  water  and  thus  prepared  for  absorption  in  connection  with  the  cellular  walls 
of  the  vessels.  The  living  tissue  between  the  soluble  substances  in  the  stom- 
ach and  intestine  and  the  blood  of  the  capillaries  consists  of  living  cells,  these 
cells  being  continuously  active.  Their  activity  implies  the  capacity  of  cellular 
absorption  according  to  which  the  cells  have  the  power  of  selecting  materials 
1 his  absorption  occurs  to  a slight  extent  in  the  mouth  becoming- more  rapid  in 
the  stomach  and  is  greatest  in  the  small  intestine,  being  less  active  in  the  laree 
intestines.  6 

Lymph  and  chyle.— The  mucous  lining  of  the  small  intestine  is  covered 
over  with  small  conical  projections  of  the  mucous  membrane,  very  numerous  in 
the  human  subject  being  said  to  number  four  million.  These  form  conical  or 

cylindrical  processes,  projecting  about  1 mm.  out  from  the  mucous  lining 

1 hey  consist  of  delicate  adenoid  .tissue  identical  with  the  lymphatic  glands.  In 
the  reticulum  we  find  lymph  corpuscles.  In  the  center  of  the  villus  we  find 
an  open  space  freely  connected  with  the  retiform  tissue,  towards  the  base  the 
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villi  becoming  lacteal,  the  villus  being  abundantly  supplied  with  blood  vessels. 
On  the  mternal  surtace  of  the  villus  there  is  a deli^e  covering  of  epithelium 
cells  forming  a large  lymphatic  cavity.  At  the  base,  there  is  a wall  and  valves 
constituting  aTTymphatic  vessel.  Between  this  vessels,  called  lacteal,  and  the 
membrana  propria,  there  are  fine  m uscutar  fibers,  some  longitudinal  and  some 
circular.  When  there  is  a rich  blood  supply  during  absorption  the  villus  be- 
comes hard  and  firm.  During  the  process  of  absorption  in  connection  with 
fatty  substances  fat  particles  are  found  in  these  epithelial  cells  or  at  the  cell 
margins  and  the  lymph  spaces,  in  the  center  of  the  villus  or  in  the  lacteal. 
The  fat  molecules  pass  from  the  fluid  in  the  intestines  into  the  lacteal. 
Some  Physiologists  suppose  that  they  are  driven  through  the  cell  or  between 
the  cells  by  the  force  of  peristaltic  movements.  It  is  more  likely,  however, 
that  these  cells  by  protoplasmic  action  absorb  the  fat  and  pass  through  the  cells 
filaments,  these  filaments  being  emptied  of  their  fatty  contents  by  a series  of 
sucking  movements. 

Definite  amoeboid  movements  have  been  noticed  in  these  processes.  When 
these  fatty  substances  reach  these  filaments  Jthe  contraction  of  the  npisele  fibers, 
of  tfievill'us  empties  the  blood  nnt  of  the  villns  and  pushes  forward  the  «mh- 
stances'to  the  large  lymph^tiV  thenne  t-n  the  lacteal  and  from  thence  to 

the  neighboring  villa  and  the  lymphatic  vessels.  When  the  contraction  of  this 
filanient'c'eases  relaxation  follows,  the  blood  once  more  entering  and  producing 
the  dilatation  of  the  villus  thus  relaxing  the  lymph  spaces.  There  is  no  regur- 
gitation of  the  fluid  passed  into  the  lacteals  because  of  the  valves,  and  hence 
any  substances  left  in  the  cells  will  be  attracted  into  the  lacteals.  As  soon  as 
these  lacteals  become  filled  another  action  will  suck  the  substances  into  the 
lymphatics.  In  this  explanation  no  account  is  taken  of  the  adenoid  tissue  of 
the  villus.  According  to  a more  recent  theory  this  tissue  is  very  active  in  the 
absorption  of  fatty  substances.  The  lymph  corpuscles  of  the  retiform  tissue 
are  supposed  to  project  filaments  between  the  cells,  these  filaments  sucking  in 
the  particles  so  as  to  convey  them  to  the  cells.  This  is  said  to  be  proved  by  the 
fact  that  partially  solid  particles  are  taken  into  the  cells.  According  to  this 
theory  the  absorption  process  would  go  on  slowly  in  connection  with  the  lymph 
corpuscles  independent  of  the  epithelial  cells-  Accordingly^  the  filaments  of 
these  epithelial  cells  are  supposed  by  Schafer  to.be  continuous  with  the  fila- 
ments of  the  lymph  cells  connecting  with  the  lymph  tissue  of  the  lymphatic 
spaces.  According  to  this  the  fattv  substances  are  first  absorbed  in  the  eoithe- 
lial  cells  and  then  passed  through  the  filaments  to  the  lymph  cells  from,  thence 
to  the  the  lymph  spaces.  If  we  suppose  that  the  muscle  fibers  are  active  this 
would  account  for  the  passage  of  these  particles  in  one  direction  from  the  epi- 
thelial cells  to  the  lvnipli  cells  and  on  to  the  lymph  spaces.  It  is  not  only  m 
fat  absorption  that  these  villi  are  active,  this  would  permit  the  tree  passage 
through  two  c’elfs  from  the' intone  m the  Ivmph  vessels^.  The  blood.  \£S~ 
sels  and  lacteals  of  the  villi'  also  absorb  . peptone  and  other  substances,  pro- 
duced by  the  digestive  process,,  this  absorption  through  the  blood  vessels  and 
the  cells  being  carried  on  within  the  limits  of  their  capacity  oT  absorption^  the 
surplus  that  cannot  be  thus  absorbed  being  excreted  in  the  faeces.  In  this  ab- 
sorption we  find  the  activity  of  the  mucous  epithelium.  Jf  peptones  are  inject- 
od  into  the  blood -they  will  soon  be  excreted  by  the  kidneys  lmucating  that 
they  are  taken  into  the  epithelial  edltrand  then  transferred  to  the  lymph  cells 
that  lie  beneath  the  epithelium  cells,  being  considerably  modified  during  diges- 
tion so  as  to  assist  in  the  cell  absorption.'  The  same  change  takes  place  in  the 
large  intestine-  Voit  has  shown  that  nutritive  fluids  containing  sugar,  peptone, 
salts  and  even  dissolved  albumin  may  be  absorbed  in  connection  with  the  lec- 
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turn.  Intestinal  absorption  takes  place  only  within  definite  limits,  hence,  the 
fat  is  absorbed  only  within  these  limits.  Voit  for  example,  found  that  a dog 
could  not  absorb  over  300  grams  daily.  Beyond  this  limit  there  is  excretion  of 
the  excess  undigested  in  the  faeces.  Large  proportions  of  sugar  taken  into  the 
system  and  subjected  to  digestion  and  absorption  produced  diarrhceic  condi- 
tions due  to  excessive  peristaltic  action  arising  from  the  stimulation  by  the 
acid  formed  or  by  increasing  the  absorption  in  connection  with  the  vessels. 
Similar  diarrhceic  conditions  are  produced  by  the  excessive  use  of  starchy  sub- 
stances producing  an  excessive  acid  faecal  matter.  The  lacteals  mentioned  in 
connection  with  the  absorption  of  fats  represent  a part  of  the  lymphatic  sys- 
tenTTouncT  in  connection  with  the  small  intestine.  These  lacteals  differ  only 
from  the  general  lymphatic  system  in  the  character  of  the  fluid,  chyle  of  a 
milky  white  color  found  in  these  lymphatics.  The  lymphatic  system  origin- 
ates in  minute  capillary  vessels,  these  vessels  being  found  in  the  human  subject 
all  over  the  body  wherever  connective  tissue  is  found  in  which  are  the  inter- 
spaces in  which  the  lymph  is  collected.  The  lymph  capillaries  are  joined  to- 
gether into  bundles  passing  into  the  smaller-  lymphatic  vessels  running  through 
the  bed  of  connective  tissue  until  after  passing  through  the  larger  lymphatics 
they  are  all  united  with  the  two  main  lymphatic  ducts  the  thoracic  duct  and 
the  right  lymphatic  duct  opening  into  the  junction  of  the  subclavian  and  jugu- 
lar vein  on  the  left  and  right  sides.  As  the  lymph  moves  gradually  from  the 
lymph  spaces  to  the  venous  circulation  it  is  changed  somewhat  under  the  in- 
fluence of  the  glands  and  the  lymphatic  vessels.  The  lymph  differs  in  the  va- 
rious organs  in  which  it  arises  but  the  chief  variation  is  that  found  in  the 
lymph  arising  in  connection  with  the  alimentary  canal  called  the  chyle.  When 
digestion  is  not  going  on  the  fluid  formed  is  the  normal  lymph.  During  diges- 
tion it  possesses  certain  peculiar  properties.  During  the  digestive  process, 
particularly  if  fatty  substances  have  been  taken  in  connection  with  a meal  the 
lymph  becomes  milky  associated  with  the  villi  and  mesenteric  lymphatics 
called  the  lacteals.  If  the  food  has  no  fat  the  fluid  is  clear  and  slightly  yellow 
with  no  distinction  from  the  lymph.  The  mesenteric  lacteals  unite  in  the  form- 
ation of  larger  vessels  which  pass  into  the  mesenteric  lymphatic  glands.  As 
the  vessels  pass  out  of  these  glands  they  form  the  lymphatic  trunk  with  a di- 
lated portion  called  the  receptaculum  chyli,  passing  thence  to  the  thoracic  duct. 
Into  this  duct  also  pass  lymphatics  from  the  pelvic  organs  and  the  extremities 
of  the  body.  This  main  thoracic  duct  after  penetrating  the  diaphragm  in  the 
thoracic  cavity  unites  with  the  venous  system  at  the  junction  of  the  left  sub- 
clavian and  left  internal  jugular  vein.  This  fluid  passes  into  the  thoracic  duct 
where  it  is  mixed  with  the  normal  lymph,  the  milky  character  being  - retained 
on  account  of  the  predominance  of  the  chyle.  Chyle  differs  from  nrdinnj-v 
lymph  in  the  amount  of  fattv  substance  it ‘contains,  the  amount  of  fat  varying 
the  kind  oTTood  taken.  The  increase  in  the  fatty  substances  is  due  largely  to 
the  neutral  fats.  The  chyle  from  the  receptaculum  chyli  is  normally  after  a 
meal  slightly  alkaline  with  a specific  gfavlty  yafvmg  from  ifil.S.to  t§Th ~ Ex- 
amined microscopically  it  is  found  to  contain  in  the  fluid  large  numbers  of  fat 
cells  containing  minute  particles  very  similar  to  the  white  blood  corpuscles. 
These  are  called  lymph  corpuscles.  These  cells  appear  in  the  chyle  after  pass- 
ing into  the  lymphatic  vessels  and  glands.  After  removal  from  the  receptacu- 
lum or  the  duct, chyle  coagulates  very  much  like  blood,  consisting  of  a clot  and 
the  milky  serum.  When  the  lymph  is  taken  from  the  duct  just  before  passing 
out  of  the  duct  into  the  venous  circulation  it  is  of  a slight  reddish  hue  and  on 
coagulation  is  more  consistent  and  of  a reddish  color.  This  is  probably  due  to 
the  mixture  of  chyle  with  red  corpuscles.  In  the  chyle  we  find  not  only  the 
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cells  but  also  very  minute  granules  with  characteristic  amoeboid  movements 
these  forming  the  characteristic  constituents  of  chyle.  This  minute  granule 
division  exists  only  in  the  lacteals.  Thechyje  thus  consists  of  lvmvh  with 
tKe  addition  of  a large  proportion  of  these  fat  granules.  The  composition  of 
the  clnle  is  found  to  be  in  the  human  subject,  in  100  parts,  90.  5 of  water  and 
9.5  of  solid.  Of  this  solid  matter  there  is  about  7 per  cent,  of  albumen,  1 per 
cent,  of  fat,  and  1.5  per  cent,  of  salts  and  extractives  with  a small  per  cent,  of 
fibrin,  lhus,  the  chjde  contains  from  3 to  4 per  cent,  moie  of  solids  than 
normal  lymph,  this  being  due  to  the  presence  of  fat.  The  amount  of  fat  varies 
there  being  often  as  much  as  5 per  cent.  The  increase  of  fat  is  largely  due  to  the  neu  - 
tral  fats.  It  is  said  that  there  is  a larger  amount  of  soaps,  lecithin  andcholest- 
erm  than  in  the  lymph.  Some  of  this  fat  exists  in  the  globule  form  of  various 
sizes,  the  largest  amount  being  in  the  form  of  minute  granules,  these  granules 
being  characterized  by  the  Brownian  movements.  These  granules  of  fat  form 
the  molecular  basis  of  chyle.  This  we  find,  is  the  condition  of  the  fat  which 
becomes  very  finely  divided  in  the  intestine  preparatory  to  its  passage  into  the 
lacteals  in  granular  form.  Thus  the  chyle  is  lvmph  with  a large  quantity  of 
tat  added.  The  quantity  of  chyle  daily  formed  cannot  be  accurately  estimated. 
It  is  said  that  an  amount  equal  to  the  whole  volume  of  the  blood  is  passed 
through  the  duct  in  a day,  one  half  of  this  amount  from  the  lacteals  in  the  ali- 
mentarj'  canal.  The  amount  of  milky  substance  depends  upon  the  fat  in  the 
food.  Even  in  the  absence  of  fat,  water,  salts  sugar  and  peptones  pass  into  the 
lymph  spaces  and  the  lacteals.  These  substances,  however,  probably  are  rap- 
idly absorbed  again  in  the  blood  vessels  so  that  probably  only  when  mixed  with 
fats,  do  they  pass  into  the  lacteals  of  the  villi  and  thence  to  the  glands  as 
chyle.  Along  with  this  chyle,  the  real  lymph  exuded  from  the  capillaries  and 
not  absorbed  in  the  tissue,  passes  into  the  ducts.  The  chyle  moves  from  the 
roots  of  the  vessels  in  the  direction  of  their  trunks.  If  poison  is  injected  be- 
neath the  skin  into  the  connective  tissue,  it  rapidly  passes  into  the  lymph 
spaces  and  thence  into  the  lymphatic  circulation  and  the  blood.  By  dividing  the 
lymphatic  vessels,  the  flow  is  found  to  be  slow  and  continuous.  The  lymph 
movement  is  much  slower  than  the  blood:  in  the  lymphatic  vessels  of  the  neck, 
it  is  estimated  about  4 m m per  second.  The  producing  cause  of  the  lymph 
movement  is  the  pressure  of  the  blood  in  the  arteries.  The  flow  isj^ete  up  , 
uriderTEe  in fl uglTCg~of~ ffie.'pr  essure , the  pressure  being  greater  at  the  of 

the  small  vessels  and  less  in  the  main  trunk  so  that  the  flow  is  from  the  smaller 
to  the  larger  vessels.  We  have  seen  that  there  are  two  channels  opened  up 
through  which  the  digestive  products  by  absorption" pass  to  the  system,  the 
one  through  the  capillaries  and  the  other  through  the  lacteals.  In  the  first 
case  they  pass  into  the  portal  circulation  by  which  they  are  con veyed  to  the 
liver.  In  the  second  case  they  pass  through  the  lymphatic  system,  and  after- 
wards fall  into  the  general  blood  circulation.  The  peptones  and  the  sugar 
pass  readily  through  the  capillaries  of  the  villi  into  the  portal  system,  whereas, 
the  fat  after  emulsification  being  unable  to  pass  through  the  capillaries,  passes 
into  the  lacteals  and  thus  finds  its  way  into  the  lymphatic  system. 

The  absorption  takes  place  in  the  stomach  and  small  and  large  intestines. 

1.  The  stomach. — Absorption  in  the  stomach  takes  place  in  connection  with 
water,  salts,  sugar  and  dextrines  that  have  been  converted  by  salival  action, 
also  the  proteoses  and  peptones  formed  under  the  action  of  pepsin.  There  may 
be  also  an  absorption  of  fluids  swallowed  in  such  a condition  as,  for  example, 
alcohol.  Recent  experiments  indicate  that  absorption  does  not  take  place 
freely  in  the  stomach.  By  isolation  of  the  stomach  and  introducing  a fistula 
jjust  below  the  pyloric  opening  into  the  duodenum,  food  can  be  introduced  into 
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the  stomach  and  removed  after  digestion  so  as  to  observe  the  changes  that  take- 
place.  It  has  been  found  that  water,  when  introduced  alone  into  the  stomach 
is  not  absorbed.  So  soon  as  the  water  alone  enters  the  stomach  it  passes  to- 
the  intestine  almost  entirely,  none  or  almost  none  being  absorbed.  In  the 
case  of  alcohol,  on  the  other  hand,  there  is  found  free  stomach  absorption.  The 
salt  solutions,  as  for  example,  sodium  iodide  are  absorbed  very  slowly  until 
concentrated  about  3 per  cent.  Absorption  is  found  to  be  assisted  by  the  use 
of  mustard  or  alcohol  which  produces  stimulation  of  the  mucous  lining. 

The  different  forms  of  sugar  are  absorbed  in  the  stomach,  the  absorption 
being  more  marked  when  the  solutions  are  concentrated  to  the  extent  of  5 per 
cent.  Absorption  takes  place  more  rapidly  if  mustard  or  alcohol  is  used,  in- 
dicating that  normally,  absorption  of  the  peptones  and  sugar  does  not  take 
place  readily.  There  is  no  digestion  of  fats  in  the  stomach  because  emulsifica- 
tion must  precede  fat  digestion  and  this  takes  place  in  the  small  intestine. 

2d.  The  Small  Intestine  • — It  is  here  that  the  sugar  and  peptones  are 
immediately  absorbed.  When  t tie' “partly  digested  food  products  reach  the 
upper  part  of  the  duodenum  they  are  acted  on  by  the  juices.  These  juices  act 
very  strongly  on  the  proteids,  carbohydrates  and  fats  and  as  the  digestive -pro- 
cess takes  considerable  time,  the  act  of  digestion  cannot  be  very  complete.  It 
is  estimated  that  not  less  than  two  hours  is  occupied  in  the  digestion  in  the 
small  intestine  and  this  may  vary  to  six  hours,  much  longer  time  being  neces- 
sary before  it  is  all  passed  out  of  the  small  into  the  large  intestine.  During 
this  process  conversion  has  taken  place  into  soluble  form  being  brought  into 
contact  with  the  mucous  membrane  which  has  a large  number  of  villi  and  also 
folding  valvulae.  Experiments  have  proved  Jhe  .rapid  absorption  of  sugar,  pep- 
tones and  salt  solutions,  it  being  estimated  that  .85  to  90  per  cent  of  the  ’ pro- 
teid  matter  is  absorbed  during  the  passage  through  the  small  intestine. 

Water  and  Salts  are  also  freely  absorbed,  a large  part  of  the  water  and 
salts  being  used  in  connection  with  secretion  and  the  maintenance  of  the  fluid 
condition  of  the  chyme. 

3d.  The  Large  Intestine.— Absorption  takes  place  freely  in  the  large  in- 
testine 1 he  passage  of  the  contents  takes  place  very  slowly  from  10  to  12 
hours_  being  occupied  in  the  passage  through  the  intestine  during  wlncti  tTitir 
they  are  changed  from  the  semi-fluid  condition  to  the  solid  consistency  as 
faeces.  When  entering  the  large  intestine  there  is  usually  a small  proportion  of 
sugar,  proteids  and  tats.  Part  of  these  is  decomposed  in  connection  with  bac- 
terial action,  part  of  it  being  absorbed  even  before  the  commencement  of  de- 
composition. The  absorbing  power  of  the  large  intestine  is  indicated  by  the 
use  of  enemata.  large  quantities  of  distilled  water  and  other  fluids  beino-  readilv 
and  rapidly  absorbed.  Even  soluble  proteids  may  be  readily  absorbed  inconnec-' 
tion  with  the  rectum  although  no  ferment  is  known  to  exist  that  can  act  upon 
these  In  the  same  way  fats  and  sugar  may  be  absorbed  by  injection. 

1 rote  id  absorption.— There  is  absorption  of  the  proteids  in  the 
stomach  and  the  small  and  large  intestines,  more  particularly  in  the  small 
intestine.  The  final  products  of  the  digestive  action  of  the  ferments  are 
peptones  and  parapeptones.  By  the  action  of  the.  trypsin  there  are  pro- 
duced the  amido-acids,  tryosin  and  leucin.  The  proteolytic  action,  there- 

i?re’  kPrieSentS  solubl,e  proteose,  peptone  and  triptone  which  are  easily 
absorbed.  Proteids  may  be  absorbed,  however,  in  other  ways.  For  el 

pr°te‘d  d'ssolved,  such  as  egg  or  muscle  in  solution  injected  into  the 
ectum  will  be  readily  absorbed  without  any  digestive  action.  In  the  pep- 
tic digestion  synton.n  is  formed  and  in  all  probability  it  is  directly  absorbed 
as  such,  but  the  large  proportion  of  the  converted  substances  arc  changed  to 
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peptone.  This  absorption  takes  place  not  simply  by  dialysis  as  the  albumin 
of  egg  that  is  non-dialyzable  becomes  readily  absorbed  in  the  intestine  Its 
rapidity  also  makes  it  impossible  that  the  process  should  be  simply  dialvsis 
In  some  way  there  is  activity  of  the  epithelial  cells  in  the  absorption  of  these 
peptones.  They  are  then  passed  directly  to  the  blood  capillaries,  for  if  the  lym- 
phatic duct  is  ligatured  peptone  absorption  goes  on  normally.  Although  the 
absorption  takes  place  dnectly  to  the  blood,  there  does  not  seem  to  be  any  of 
these  substances  in  the  blood  when  examined.  If  they  are  injected  into  the 
blood  they  act  as  obstacles  to  the  blood  circulation  and  impurities  resulting 
in  certain  cases  in  death.  If  thus  introduced  directly  into  the  blood  they 
pass  from  the  kidneys  without  any  assimilation.  This  seems  to  indicate 
that  in  passing  through  the  cells,  these  peptones  are  changed  in  some  way 
so  as  to  form  practically  new  substances  said  to  be  serum  albumin.  If  this 
is  true  the  process  is  one  of  dehydration.  If  a loop  of  the  intestine  is  taken 
out  of  the  body  and  artificial  digestion  is  kept  up  in  connection  with  the 
mesenteric  arteries  the  loop  will  live  for  a time.  If  peptone  is  placed  in 
the  loop  a considerable  proportion  will  disappear  but  will  not  be  found  in 
the  circulation  that  is  kept  up  in  the  loop.  The  peptone  does  not  disap- 
pear in  the  blood,  indicating  that  the  peptone  is  changed  before  passing 
from  the  cells  to  the  blood.  By  the  absorption  of  proteids,  the  kidney  ex- 
cretion of  urea  is  increased.  If  the  thoracic  duct  is  ligatured  to  prevent 
the  chyle  from  passing  to  the  blood  and  if  the  animal  is  fed  on  proteid  the 
urea  increase  will  still  be  observed.  This  indicates  that  the  soluble  proteids 
do  not  pass  into  the  chyle  but  into  the  blood. 

Sugar  absorption. — The  absorption  of  the  carbohydrates  takes  place 
largely  in  the  form  of  sugar  and  dex.tr iixe.  By  the  intestinal  juice  starch"  is 
changed  to  ..maltose  and~dextrin  and  by  the  inverting  into  the  dextrose.  Cane 
sugar  is  transformed  to  dextrose  and"  laevul.ose.  Milk  'sugar  is  converted  to 
dextrose  and  galactose.  Thus  in  the  form  of  dextrose  or  laevulose  the  ab- 
sorption takes  place.  The  sugar  found  in  the  blood  is  the  dextrose  form. 
In  this  form  oxidation  takes  place  readily  in  the  tissues.  ' If  *cane  sugar  Is 
injected  into  the  blood  it  will  not  be  assimilated  but  will  be  excreted  in  the 
urine,  while  dextrose  so  injected  will  disappear.  The  absorption  power  of 
sugar  differs,  the  absorption  not  being  directly  proportional  to  the  diffusi- 
bility.  Absorption  increases  with  the  concentration  until  the  maximum  of 
5 per  cent  is  reached.  This  indicates  that  it  does  not  take  place  by  a 
simple  diffusion.  Hence,  it  is  supposed  to  be  similar  to  proteid  absorption 
depending  on  the  activity  of  the  epithelial  cells,  passing  directly  from  the 
cells  into  the  blood.  If  there  is  a large  quantity  of  sugar  in  solution  in  a 
large  quantity  of  water,  absorption  takes  place  also  into  the  chyle,  the  water 
passing  to  the  lacteals  and  carrying  the  sugar  with  it.  In  the  passage  into 
the  blood  from  the  cells  there  is  a change,  the  maltose  which  forms  the 
largest  proportion  of  sugar  in  the  chyme,  being  changed  to  dextrose  or  the 
blood  form  of  sugar. 

Fat  Absorption. — Fats  are  absorbed  largely  in  solid  form  in  the  con- 
dition of  emulsification,  so  that  the  process  of  absorption  is  not  that  of  os- 
mosis. The  .epithelial  cells  of  the  villi  in  the  small  intestine  are  pspqriallv 
active  in  connection  with  fat  absorption.  The  fat  globlets  are  drawn  into 
the  cells  and  passed  through'  the  cell  substance,  passing  then  through  the 
cells  into ’the  villi-substance.  There  is  a large  lymph  capillary  terminating 
at  the  top  of  the  villus,  the  villus  substance  lying  Detween  the  epithelium 
and  the  lacteal.  These  fat  particles,  pass  from  -thc-epit heli uni  -cells  ..to  the 
lacteal  and  thejice  to  the  lymphatic  system.  Thus,  the  fat  passes  largely  if 
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not  altogether  into  the  lacteal  system,  the  adenoid  tissue  containing  a num- 
ber of  m i nu t elynTp h“  ca nalsl n connection  with  the  lacteals,  the  fluid  ex- 
uded from  the  blood  capillaries  keeping  up  a constant  stream  of  lymph 
through  the  villus  to  the  lacteal  By  estimating  the'  amount  of  fat  taken  in 
a breal'and  the  amount  found  in  the  faeces  as  well  as  the  amount  found  in 
the  thoracic  duct  it  is  estimated  that  60  parts  out  of  every  100  parts  of  fat 
which  leave  the  alimentary  canal  pass  into  the  thoracic  duct  and  into  the 
venous  system.  The  question  is,  what  becomes  of  the  balance?  Some 
say  that  it  passes  into  the  portal  circulation,  as  there  is  a quantity  of  fat 
found  in  the  portal  blood  during  digestion.  A large  proportion  of  the  fat 
however  passes  through  the  lacteals. 

"Water  and  Salt  Absorption:— Only  a very  slight  absorption  of  water 
takes  place  in  the  stomach.  Along  with  the  peptones,  sugar  and  salts  there 
is  an  absorption  of  water.  In  the  small  intestine  there  is  a free  absorption 
of  water  and  salts.  Heidenhain  has  proved  that  the  absorption  of  water 
and  salts  in  the  small  intestine  takes  place  in  connection  with  the  blood 
vessels  and  not  through  the  lacteals  unless  where  a large  quantity  is  taken, 
when  the  lacteals  absorb  some  of  it.  In  the  large  intestine  the  water  is 
absorbed  in  connection  with  the  blood,  the  epithelial  cells  attracting  the 
water  into  them  and  then  giving  them  off  into  the  blood.  The  fats  are 
emulsified  by  the  bile  and  the  pancreatic  juice  in  the  intestine,  the  soap 
formed,  aiding  in  the  emulsification.  The  emulsified  fat  enters  into  the 
columnar  cells  in  the  villi.  The  margin  of  the  cell  is  thought  to  be  active  in 
the  entrance  of  the  fat,  the  leucocyte  being  active  possibly  in  amoeboid  move- 
ments. The  bile  is  supposed  to  assist  the  passage  of  the  fat  particles  by 
bringing  the  fat  more  closely  together  and.  acting  upon  the  cell  substance. 
Inside  the  columnar  cells  these  fat  particles  can  be  seen  in  the  living  cells, 
the  particles  occupying  the  spaces  in  the  protoplasm.  Some  suppose  that 
the  fat  enters  in  very  minute  particles  and  then  that  these  are  joined 
together  into  larger  globules. 

Out  of  the  columnar  cells  the  fat  passes  to  the  spaces  in  the  reticular 
tissue,  filling  up  the  reticular  spaces  which  are  vacant,  many  of  these  spaces 
being  filled  by  the  migratory  leucocytes.  As  soon  as  the  fat  passes  through 
the  cell  base  it  enters  into  these  reticular  spaces,  the  passage  taking  place 
probably  by  amoeboid  movements.  From  the  reticular  space  it  passes  to 
the  lacteal  cavity,  part  of  the  fat  being  changed  in  its  passage  into  the 
minute  division  known  as  the  molecular  base.  It  ceases  to  be  emulsified 
fat  at  this  point  and  becomes  chyle.  In  this  lacteal  root  we  find  not  only 
fat  but  also  the  proteid  that  constitutes  the  chyle,  this  proteid  and  other 
substances  being  derived  from  the  blood  capillaries.  In  the  reticular  spaces 
are  found  migratory  leucocytes,  some  of  them  passing  between  the  cells, 
entering  into  the  intestine.  Some  pass  into  the  villus  cavity.  From  this 
some  have  concluded  that  the  leucocytes  play,  an  important  part  in  fat 
absorption,  taking  up  the  fat  and  then  moving  back  with  the  fat  absorbed 
so  as  to  carry  it  to  the  lacteals  and  the  lymphatics.  This,  however,  cannot 
be  carried  on  to  any  great  extent,  as  the  number  of  leucocytes  is  too  small 
to  admit  of  their  carrying  on  all  the  fat  absorption.  The  base  of  the  lac- 
teal cavity  opens  into  the  lymphatic  vessel  in  which  the  lymph  flow  takes 
place.  By  the  peristaltic  action  the  lymphatic  vessel  is  emptied  of  its 
lymph  and  the  lacteal  is  also  emptied  of  the  chyle.  The  muscle  fibers  of 
the  villus  also  act  as  a compressing  force  to  empty  the  lymphatics  and  the 
lacteal  vessels.  These  fibers  are  all  running  in  one  direction,  parallel  to  the 
vertical  axis  of  the  villus.  By  contraction  the  villus  is  shortened  so  as  to 
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empty  the  lacteal.  By  relaxing  the  villus  is  lengthened  and  the  lacteal 

?Pens  °i  .btf  aPm  ed'  Accordln«  to  others,  the  contraction  of  the 
fibers  and  the  shortening  of  the  villus  makes  the  villus  broader  and  thus 
permits  the  lacteal  to  be  filled;  whereas,  the  relaxation  lengthens  the  v llus 
and  narrows  it,  thus  emptying  the  lacteal.  During  the  digestive  process 

hese  contractions  and  relaxations  are  going  on  so  that  there  is  a constant 

process  of  emptying  and  filling  the  lacteals.  By  the  contraction  of  these 

Zu.  WUl  m thei  V1  U-S  COI^P|1'ession  is  brought  to  bear  on  the  columnar 
cells.  While  on  relaxation  of  the  muscular  fibers  the  cells  will  also  relax 
these  muscular  contractions  and  relaxations  assisting  in  the  passage  of 
materials  from  the  intestine  into  the  cells.  In  the  case  of  the  substances 
which  as  distinguished  from  the  fats  are,  diffusable,  including  water 

f*  lSttnpdiffPl t°nes-there  is  absorption  into  the  blood  vessels  rather  than 
into  the  lacteals.  The  capillary  blood  vessels  are  lying  immediately  beneath 
the  membrane.  During  the  digestive  process  the  blood  vessels  are  filled, 
lheie  is  a transudation  of  fluid  from  these  vessels  into  the  reticular  cavitv 
and  the  lacteals  and  a similar  transudation  from  the  external  and  the  inter- 
nal surfaces  of  these  capillaries.  Passing  through  the  epithelial  cells  of  the 
reticular  cavity,  the  diffusable  substances  are  diffused  through  the  vessel 
walls,  the  diffusion  taking  place  in  two  stages. 

11  ISt  a the  ‘ntfstinei  to  the  spaces  passing  through  the  epithelium 

cells;  and  2d,  from  the  lymph  spaces  to  the  capillaries.  These  substances 
including  peptones  pass  slowly,  the  diffusion  taking  place  on  the  principles 
ot  physical  osmosis  subject  to  the  Physiological  structure  of  the  membrane 
separating  the  fluids.  The  rapidity  of  this  diffusion  can  be  determined  bv 
placing  solutions  of  these  substances  in  the  intestinal  loop  and  carefullv 
watching  the  process  of  diffusion.  The  diffusion  will  take  place  at  different 
rates  depending  on  the  substances  and  the  condition  of  the  membrane. 


2.  ABSORPTION  BY  MEANS  OF  THE  OTHER  ORGANS  OF  THE  BODY. 

Absorption  takes  place  in  connection  with  (a)  jthe  skin.  Absorption 
by  the  skin  takes  place  in  connection  with  gases  and" to  some  extent  fluids 
and  semi-fluids  and  solids.  By  the  absorption  of  gases  like  sulphuretted 
hydrogen  through  the  skin  after  every  other  passage  is  closed,  the  animal 
may  be  poisoned.  In  the  case  of  liquids  it  seems  almost  impossible  that 
fluids  should  be  able  to  make  their  way  through  the  epidermis  and  the  fattv 
coating  of  the  outer  surface.  In  addition  to  the  strong  coating  the  pressure 
is  always  very  strong  from  the  internal  surface.  This,  however,  does  not 
prevent  the  demonstration  of  the  passage  of  water  and  even  of  fatty  and 
oily  matter  through  these  surfaces,  particularly  if  associated  with  mechani- 
cal stimulation.  Mercurial  solutions  by  external  massage  may  be  made  to 
enter  freely  into  the  tissues  from  which  diffusion  will  "take  place.  These 
substances  pass  through  and  into  the  ducts  of  the  sebaceous  layer  upon  the 
surface,  being  absorbed  into  the  vessels  found  in  connection  with  these 
glands.  It  is  also  possible  for  certain  solid  substances  in  solution  to  be 
absorbed  in  this  way,  as  in  the  case  of  saline  substances.  Any  of  the  mucous 
surfaces  to  which  such  substances  are  applied  will  freely  absorb  them,  as  the 
rectum  and  urethra.  The  vapor  arising  from  a bath,  as  for  example,  in 
iodine  of  potassium  baths  may  be  absorbed  in  this  way,  the  substances 
appearing  very  soon  in  the  urine.  Alcohol,  ether  and  turpentine  may  also 
be  feely  absorbed  by  rubbing  on  the  skin. 

(b)  Serous  Absorption: — The  Serous  surfaces  represent  a large  tissue 
or  lymph  spaces  and'their  stomata  communicate  with  the  lymphatic  ves- 
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sels.  During  inflammatory  stages  there  is  an  accumulation  of  fluid  in  con- 
nection with  these  serous  surfaces  such  as  the  peritoneum  or  pleura,  the  flu- 
ids being  absorbed.  The  absorption  takes  place  readily  in  connection  with 
the  openings  at  the  margins  of  the  lining  cells.  The  fluid  that  is  found  in 
connection  with  these  serous  membranes  is  very  similar  to  the  lymph.  It 
is  alkaline  in  reaction,  containing  about  4 or  5 per  cent  of  solid  matter. 

(c)  Pulmonary  Absorption:— In  the  lining  membrane  of  thr  air  Ves- 
cicles  the  absorption  of  gases  takes  place  very  readily.  Also  fluids  are 
absorbed,  although  not  so  freely.  For  example,  water  passing  into  the  air 
passages  and  the  air  cells  may  be  absorbed  without  any  detriment  if  not 
excessive  in  quantities.  In  the  case  of  persons  engaged  in  certain  occupa- 
tions small  particles  of  foreign  substances,  for  example,  steel  fillings  may 
be  found  in  the  lung  tissues  having  been  breathed  into  the  lungs  and 
absorbed  by  or  in  connection  with  the  delicate  cells  lining  the  surfaces  of 
the  air  cells. 

(dl  The  Tissues  in  General: — From  the  blood  nutrientmatters  are  con- 
stantly passing  out  into  the  tissues  and  the  amount  of  this  matter  is  always 
in  excess  of  the  tissue  requirements.  In  addition  the  injection  of  solutions 
underneath  the  skin  brings  these  solutions  into  close  relation  with  the  con- 
nective tissue,  these  solutions  being  absorbed  and  passed  into  the  system. 
This  fact  lies  at  the  basis  of  the  hypodermic  method  of  subcutaneous  injec- 
tion of  medicines.  In  addition  the  constant  activity  of  the  tissue  corpuscles 
leads  to  the  formation  of  waste  matters  and  these  together  with  the  excess 
of  nutrient  matters  lie  in  the  tissue  spaces  from  which  they  are  carried  ,off 
partly  by  the  blood  vessels  and  partly  by  a special  set  of  vessels  communi- 
cating with  the  tissue  spaces,  the  lymphatic  capillaries  by  which  they  are 
carried  into  the  general  lymphatic  circulation. 

CHAPTER  VI.— SECRETION  AND  EXCRETION. 

SECTION  I- --Introductory . 

1.  Secretion.— The  term  secretion  is  applied  to  the  fluid  products  of 
glands.  The  term  gland  is  used  to  designate  a number  of  structures  that 
differ  in  organization.  The  gland  consists  of  a structure  composed  of  gland 
cells  secreting  the  fluid  that  is  discharged  upon  a mucous  epithelial  surface 
or  in  connection  with  closed  epithelial  surfaces  found  in  connection  with 
the  blood  and  the  lymph  cavities.  Secretions  are  either  external  or  inter- 
nal,  the  external  tefening  to  secretions  discharged  upon  a free  epithelial 
surface  like  the  skin  or  the  mucous  lining;  the  infernal  secretion  is  found  in 
connection  with  the  closed  epithelial  surfaces  of  such  glands  as  the  liver, 
pancreas,  etc.  This  does  not  mean  that  other  organs,  even  without  epithe- 
lial surface,  may  not  secrete  substances  in  connection  with  the  blood.  For 
example,  the  muscles  may  give  to  the  blood  such  substances  as  are  anal- 
ogous to  secretions.  In  the  case  of  external  secretion  it  always  takes  place 
upon  a free  surface  of  epithelium  resting  upon  a membranous  basement  the 
other  side  of  the  membrane  being  freely  supplied  with  blood  capillaries  and 
ymph  spaces.  The  secretion  always  takes  place  in  connection  with  the 
blood,  the  discharge  taking  place  in  the  epithelial  surface  so  as  to  communi- 
cate with  the  exterior.  Of  this  kind  is  fhe  membranous  surface  of  the  ali- 
mentary canal.  Wherever  we  find  the  membrane  pouched  or  formed  into 
sacs  with  a definite  bore  we  find  the  primary  gland  either  tubular  or  sacular. 
n the  case  of  the  compound  gland  we  find  the  complexity  of  the  insolutions 
with  branching  side  portions  either  in  the  common  tubular  or  saccular  form 
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according  as  the  terminal  parts  end  in  the  tubular  or  saccular  form.'  In 
these  compound  glands  it  is  only  in  the  terminal  parts  that  secretion  takes 
place,  these  terminals  being  alveoli  or  acini,  the  communicating  parts  being 
called  the  ducts,  the  lining  membrane  of  these  ducts  having  no  secretory 
action.  The_gland  secretions  are  as  different  as  the  structures  in  which  the 
s^creti^Jakes^pTace.  '^Iir'gencral  these  secretions  other  than  the  reproduc- 
tive secretions  anTfluid  or  semifluid,  being  com  posed  of  water,  salts  and  other 
organic  substances.  The  organic  elements  differ  in  the  various  glands  rep- 
senting  the  elements  which  are  peculiar  to  the  gland,  being  formed  in  con- 
nection with  gland  activity.  In  other  cases  the  organic  elements  are  found 
in  the  blood,  the  glands  simply  separating  these  elements  from  the  blood 
so  as  to  be  eliminated,  as  the  urea  of  urine.  These  last  are  the  excretions  of 
the  body,  excretion  being  the  process  of  the  elimination  of  waste  matters 
from  the  body  such  as  would  be  disadvantageous  to  the  system  if  retained. 
Thus  excretion  does  not  refer  to  any  secretion  taken  as  a whole,  some  ele- 
ments being  derived  from  different  secretions  as  in  the  case  of  urine  of 
which  urea  and  uric  acid  are  formed  in  some  of  the  organs,  the  water  and 
salts  being  taken  from  the  blood.  Similarly,  the  bile  represents  an  excre- 
tion carrying  away  some  waste  matters  while  it  is  also  a secretion  contain- 
ing valuable  elements  in  the  digestive  action.  Excretion,  therefore,  repre- 
sents the  carrying  off  of  the  waste  of  the  body  organs  or  certain  parts  of 
some  of  the  secretions  which  constitute  the  excretions. 

No  general  theory  of  secretion  can  be  formulated,  because  the  forma- 
tion of  secretion  varies  in  the  different  glands  so  that  each  gland  has  its 
own  peculiar  form  of  secretion.  Formerly  it  was  supposed  by  Physiolo- 
gists that  secretion  was  accomplished  by  filtration,  diffusion  and  imbibition, 
the  membrane  beneath  the  epltlTeTmm  being~sup posed  to  form  with  the  epi- 
thelium, the  membrane  through. which  diffusion  took  place  in  connection 
with  the  blood  and  lymph.  The  differences  in  the  secretions  depends  upon 
the  structural  difference  and  the  chemical  action  of  the  membrane.  In  this 
case  the  epithelial  cells  were  supposed  to  be  inactive  and  the  metabolism  of 
the  cells  was  not  supposed  to  be  of  importance  in  connection  with  the  se- 
cretion. In  modern  times,  emphasis  is  laid  upon  the  living  membrane,  the 
gland  itself  being  used  in  the  process  of  secretion;  the  epithelial  cells  being 
active  in  the  secretory  process.  This  is  evident  from  the  fact  that  on  ex- 
amination under  the  microscope  the  secretion  is  found  to  contain  parts  of 
cellular  substances.  In  some  cases  the  cells  being  broken  down  to  form 
the  secretion,  as  in  the  case  of  the  sebaceous  glands.  In  the  case  of  the 
stomach  glands  there  is  an  expulsion  of  part  of  the  mucous  from  the  cells 
to  form  the  secretion. 

In  the  mammary  glands,  the  cell  substance  is  broken  up  and  in  other 
glands  the  secretion  of  the  substances  take  place  in  the  cells  in  the 
form  of  grainiles  which,  when  the  fluid  is  passed  through  the  cells  from 
the  blood  or  lymph  becomer  dissolved.  The  substance  of  the  gland  cells 
passes  into  the  secretion  in  this  way  and  represents  the  metabolic  process 
of  the  cell  substance.  The  variations  in  the  secretions  are  easily  explained 
on  this  basis  as  depending  upon  the  metabolism  of  the  different  gland  cells. 
In  addition  to  this  the  existence  of  nerves  connects  with  those  gland  cells, 
the  stimulation  of  which  produces  secretion  is  a confirmatory  proof  of  this 
theory  of  the  cell  activity. 

Ludwig  first  pointed  out  that  stimulation  of  the  chorda  tympani 
increased  the  secretion  of  the  submaxillary  gland.  Similar  nerve  fibers  have 
been  found  in  connection  with  the  sweat  glands,  stomach  glands,  pancre- 


^3  7 


SECRETION’ And  excretion. 

atic  glands  and  the  lachrymal  glands.  These  secretory  fibers  are  found  to 
be  of  two  kinds,  one  regulating  the  secretion  of  the  organic  and  another 
the  inorganic  elements.  By  microscopic  examination  these  two  kinds  of 
fibers  are  found  to  end  around  the  cells  in  plexuses,  indicating  the  direct 
connection  of  the  fibers  with  the  cells.  Changes  of  temperature  in  the 
elands  are  also  noticeable  in  connection  with  the  formation  of  the  secretion 
indicating  the  existence  of  metabolic  processes,  the  heat  changes,  marking 
the,  activity  of  the  glands.  Although  the  granular  structure  is  favorable  to 
the  process  of  osmosis,  this  does  not  seem  sufficient  to  account  for  the 
secretion  of  salts  and  other  substances.  In  this  case  the  cells  in  connection 
with  which  are  found  two  fibers,  one  regulating  the  production  of  the  organic 
and  the  other  the  Inorganic  elements,  play  a very  important  part,  as  these 
two  fibers  terminate  around  the  cells.  How  the  action  takes  place  it  is  im- 
possible to  state.  It  is  sufficient  to  indicate  the  fact  that  some  cell  meta- 
bolism takes  place  unaer  the  influence  of  nerve  impulses,  conveyed  to  the 
cells  by  the  nerve  fibers.  In  the  formation  of  water  in  connection  with  the 
secretions,  it  was  formerly  supposed  that  by  diffusion  and  filtration,  it  was 
passed  from  the  blood  and  the  lymph.  It  was  supposed  that  the  greater 
blood  pressure  accounted  for  the  osmosis,  the  water  and  salts  in  solution  in 
the  water,  being  the  products  of  transudation.  To  this  there  is  the  objec- 
tion that  in  the  case  of  living  membrane  there  is  not  a free  diffusion,  even 
when  the  pressure  is  greater  on  the  one  side  of  the  membrane.  The  lung 
of  a newly  killed  frog  was  found  by  Santessen,  not  to  permit  of  the  free  fil- 
tration of  liquid  from  its  cavity,  even  under  great  pressure;  whereas,  the 
same  lung  when  dead,  freely  filtered  the  fluid  under  the  same  pressure.  In 
addition  to  this,  the  secretion  in  the  gland  does  not  increase  with  an  increase 
of  blood  pressure,  proportionate  to  the  increase  of  pressure.  While,  there- 
fore, these  processes  of  filtration  and  osmosis  take  place  in  connection  with 
the  formation  of  the  secretions,  these  physical  processes  seem  to  be  only  a 
part  of  the  process  associated  with  the  formation  of  the  secretion. 

Heidenhain  distinguished  two  kinds  of  glands,  the  mucous  and  the 
serous,  the  difference  being  made  on  the  basis  of  the  physiological  structure 
of  the  glands,  ancTalso  upon  the  nature  of  the  secretion.  The  secretion  of 
the  serous  glands  is  limpid,  containing  a large  proportion  of  water  togetner 
with  a small  quantity  of  albumin,  salts  and  the  ferments.  The  secretion  of  the 
mucousglands  is  viscous  and  thready,  on  accountof  the  amount  of  mucin  pres- 
ent in  the  fluid.  The  parotid  gland  in  the  human  subject  is  an  example  of;  the 
serous  gland  and  the  submaxillary  in  the  human  subject  with  the  sublingual 
the  orbital  and  some  of  the  mucous  glands  of  the  mouth  and  oesophagus 
are  examples  of  the  mucous  gland.  In  serous  glands  the  cells  are  small  and 
abundantly  filled  with  granular  material.  In  the  mucous  glands  the  cells 
are  larger  anH  freer  from  granular  matter.  The  small  goblet  cells  in  the 
intestinal  epithelium  are  examples  of  the  mucous  cells.  In  the  fresh  glands 
the  granules  are  not  distinct.  The  use  of  chemical  reagents  will  make  them 
distinct  although  they  are  not  so  closely  packed  together  as  in  the  serous 
glands.  In  the  submaxillary  gland  both  kinds  of  cells  are  found  although 
it  is  called  a mucous  gland  because  of  the  large  proportion  of  mucin  in  the 
secretion.  Similarly  the  parotid  gland  contains  cells  that  are  mucous  in 
character.  The  distinction  is  more  definite  and  well  marked  in  distinguish- 
ing between  two  kinds  of  cells,  the  serous  and  the  mucous.  The  epithelium 
is  of  the  columnar  type,  in  the  midst  of  these  cells,  being  found  the  mucous 
cells.  Primarily  also  columnar  they  become  changed  chemically  in  the  pro- 
duction of  mucin,  producing  a swollen  condition  at  the  free  end.  This 
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mucin  arises  from  the  protoplasm  of  the  cells  so  that  the  neucleus  of  the 
cells  becomes  fixed  at  the  base  of  the  cell.  The  mucin  thus  formed  at  the 
open  extremity  becomes  gradually  pushed  outward  until  it  escapes  into  the 
intestinal  cavity  so  that  the  empty  cell  is  left  with  the  neucleus  toward  the 
base.  According  to  some  any  of  the  columnar  cells  may  perform  this  func- 
tion of  forming  mucin  internally,  after  expelling  the  mucin  the  normal  con- 
dition of  the  cell  being  restored,  Others  think  that  they  are  distinct  cells 
entirely  different  from  the  ordinary  epithelial  cells.  Whichever  view  is  cor- 
rect the  mucin  is  the  actual  product  of  cell  metabolism,  this  metabolism 
taking  place  in  some  way  that  is  as  yet  unknown  as  it  is  not  known  that 
there  are  any  secretory  fibers  in  connection  with  goblet  cells. 

SECTION  II.  The  Salivary  Glands. 

These  glands  in  the  human  subject  are  found  in  three  pairs,  the  parotid, 
the  sublingual  and  the  submaxillary.  Besides  these  we  find  a number  of 
small  glands  that  are  embedded  in  the  mucous  lining  of  the  mouth  and 
tongue.  These  glandular  secretions  form  the  saliva.  The  parotid  gland  in 
the  dog  has  nerve  connections  in  the  cerebro-spinai  system,  from  the  fibers 
originating  in  the  glosso  pharyngeal,  passing  into  the  tympanic  nerve  and 
thence  to  the  small  superficial  petrosal  nerve  and  the  otic  ganglion  in  the 
oval  foramen  supplying  the  ear.  From  this  ganglion  they  passthrough  the 
inferior  maxillary  division  of  the  5th  cranial  to  the  parotid  gland.  The  cer- 
vical sympathetic  also  sends  branch  fibers  into  the  coatings  of  the  blood 
vessels  of  the  parotid  gland.  The  submaxillary  and  the  sublingual  glands 
receive  their  nerve  connections  in  the  cerebro-spinai  system  from  the 
facial  nerve  through  the  chord  tympani,  joining  the  lingual  nerve  after 
leaving  the  tympanic  cavity.  After  going  along  the  lingual  a short  dis- 
tance the  secretory  fibers  branch  off  and  enter  the  lingual  along  the  ducts, 
passing  through  the  submaxillary  ganglion  at  the  point  where  these  fibers 
leave  the  lingual.  The  sublingual  fibers  connect  with  the  cells  in  this 
ganglion  while  the  submaxillary  fibers  connect  with  the  nerve  cells  in  the 
gland  hilum.  The  sympathetic  system  also  sends  fibers  that  pass  from  the 
superior  cervical  ganglion,  these  fibers  connecting  with  the  blood  vessel 
coatings.  These  salivary  glands  are  compound  tubular  glands,  the  secre- 
tory parts  being  tubes,  although  these  tubular  parts  are  irregularly  formed. 
The  parotid  gland  is  a serous  gland  although  some  of  the  cells 
are  mucous,  the  epithelial  cells  contain  a large  number 

of  granules,  the  membrane  consists  of  flat  connective  tissue 

cells,  the  inter-spaces  being  occupied  by  fine  membrane.  The  submaxil- 
lary and  sublingual  glands  in  the  human  subject  consist  of  mucous  and  ser- 
ous cells,  the  mucous  cells  being  more  numerous.  The  result  is  that  the 
the  sublingual  and  the  submaxillary  secretion  is  viscid  as  compared  with 
the  parotid.  In  the  mucous  glhnds  there  is  a special  kind  of  cell  called  the 
crescent  cells  between  the  mucous  cell  and  the  membrane  away  from  the 
surface  of  the  gland  tube.  Heidenhain  believes  that  these  cells  when  the 
mucous  cells  become  disintegrated  take  their  place  while  others  think  that 
the  crescent  cells  represent  an  inactive  condition  of  the  mucous  cells  or 
simply  the  basement  structure  of  the  mucous  cells.  The  cells  are 
arranged  around  the  bore  of  the  gland  tubule,  in  the  case  of  the  serous  cells 
the  bore  being  continued  in  the  interspaces  between  the  cells  representing 
minute  capillary  spaces.  In  the  mucous  glands  these  capillary  spaces  are 
found  in  connection  with  the  crescent  cells  which  seems  to  indicate  that 
these  crescent  cells  are  functionally  active.  The  secretory  fibers  from  the 
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chorda  tympani  in  connection  with  the  sublingual  and  submaxillary  glands 
teiminate  in  the  ganglion  cells  of  the  gland,  the  secretory  fibers  proper  pas- 
sing from  these  ganglias  to  the  secretory  cells,  forming  a terminal  net  work 
in  close  contact  with  the  cells.  The  saliva  represents  the  mixture  of  this 
gland  secretion  and  also  the  secretions  of  the  smaller  glands  of  the  mouth 
and  tongue.  It  is  a colorless  slightly  viscid  fluid,  alkaline  in  reaction  with 
a specific  gravity  of  1,003.  1°  it  are  found  epithelial  cells  and  salivary  cor- 

puscles. It  contains  mucin  and  the  enzyme  ptyalin  with  traces  of  albumin, 
salts  and  potassium  sulphocyanide.  Albumin  is  the  chief  organic  element 
found  in  it,  the  mucin  causing  it  to  be  thready  and  viscid.  Mucin  belongs 
to  the  glyco-proteids  being  a proteid  combined  with  a carbohydrate.  There 
is  a large  quantity  of  gas,  C O2  present  in  the  fresh  saliva.  Pfluger  hav- 
ing found  65  per  cent  representing  42  per  cent  of  carbohydrates  and  8 per 
cent  of  N and  .6  per  cent  of  O.  In  the  parotid  secretion  we  find  no  mucin, 
a larger  percentage  of  gases,  for  example  C 02 , 66  per  cent;  N.  3.5  per 
cent  andO  1.5  per  cent.  Ludwig  discovered  that  by  stimulating  the  chorda 
tympani,  the  submaxillary  gland  gave  out  an  increased  flow  of  saliva.  It 
was  thus  found  that  a double  nerve  supply  went  to  the  glands  from  the  cere- 
bro  spinal  and  sympathetic  system.  In  addition  to  the  secretory  fibers  it 
was  found  that  vaso  motor  fibers  are  also  bound  up  in  the  same  nerves, 
cerebro  spinal  nerves  representing  the  dilators,  and  the  sympathetics  the 
constrictor  fibers  and  producing  respectively  a dilatation  and  a constriction 
of  the  blood  vessels  and  a consequent  increase  and  decrease  of  the  blood 
flow.  By  weak  stimulation  of  the  chorda  tympani  gland  secretion  takes 
place,  the  secretion  being  limpid  with  a small  per  cent,  1 or  2 per  cent  of 
solids,  flowing  freely  and  abundantly.  There  is  an  increase  in  the  blood 
flow  producing  reddening  of  the  gland,  distension  of  the  veins,  the  blood 
being  of  a very  red  color.  By  the  stimulation  of  the  sympathetics  the 
secretion  is  diminished,  the  flow  being  slow  and  the  fluid  viscid  with  6 or  7 
per  cent  of  solid  matter.  The  gland  becomes  pale  owing  to  the  dimin- 
ished blood  flow.  This  suggests  that  the  secretion  is  intimately  connected 
with  the  vaso-motor  action,  the  vaso-motor  action  regulating  the  amount 
of  the  fluid  flow.  This,  however,  represents  an  imperfect  statement  of  the 
causes  of  the  secretion.  According  to  the  older  view  the  specific  function 
of  the  gland  was  to  permit  certain  elements  from  the  blood 
to  pass  through  the  cells  to  the  ducts  and  to  prevent  the  passage  of  others". 
It  is  known,  however,  that  the  elements  of  the  saliva,  especially  the  mucin 
are  not  found  in  the  blood  ready  made. 

Ludwig  proved  by  the  use  of  the  manometer  that  under  the  stimulation 
of  the  chorda  tympani  the  pressure  in  the  submaxillary  gland  duct  may  be 
greater  than  the  blood  pressure,  and  that  if  the  blood  supply  is  cut  off  from 
the  gland  the  secretion  will  increase  upon  the  stimulation  of  the  chorda.  By 
injecting  atropin  into  the  gland  the  stimulation  of  the  chorda  will  produce 
no  secretion,  although  the  blood  supply  is  increased.  In  this  case  it  is  sup- 
posed that  the  secretory  fibers  are  paralyzed  while  the  dilator  fibers  remain 
active.  In  the  case  of  the  parotid  gland  if  the  cerebro  spinal  fibers  are 
stimulated,  therewillbe  a very  free  watery  saliva,  while  the  stimulation  of  the 
sympathetic  fibers,  if  the  tympanic  nerve  is  divided  will  give  no  secretion, 
although  a change  takes  place  in  connection  with  the  gland  cells  which 
\\  Ten  the  cerebro- spinal  fibers  are  stimulated,  yield  a viscid  secretion  indi- 
cating that  a change  has  taken  place  in  the  cell  by  the  increase  of  the  stim- 
ulation applied  to  the  chorda,  the  water  and  salts  will  increase  in  propor- 
tion until  a certain  limit  is  reached  beyond  which  there  will  be  no  increase 
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A similar  increase  in  organic  matter  takes  place  if  the  gland  has  been  pre- 
viously resting,  but  this  very  soon  stops,  the  continued  stimulation  produc- 
es a decrease  after  this  point  rather  than  an  increase  in  the  solid  matter. 
It  the  gland,  however,  has  been  continually  working  although  the  water  and 
salts  increase,  the  organic  matter  will  not  increase  upon  stimulation.  These 
experiments  led  Heidenhain  to  distinguish  between  the  production  of  water 
and  salts  and  the  production  of  organic  matters,  a distinction  he  has  ex- 
plained by  his  theory  of  the  secretory  and  trophic  fibers.  According  to 
this  theory  there  are  two  sets  of  fibers  to  the  salivary  glands,  the  one  regu- 
lating the  water  and  salt  supply  called  the  secretory  and  the  other  produc- 
ing organic  matters  in  connection  with  cell  metabolism,  and  hence,  called 
^T?-Pillc-  I n the  case  of  the  parotid  gland,  the  sympathetic  fibers  are  tro- 
phic or  almost  all  trophic,  while  the  cerebro-spinal  fibers  represent  both 
the  trophic  and  secretory.  In  the  submaxillary  gland,  the  sympathetic 
fibers  are  trophic  or  almost  all  trophic  while  the  cerebro  spinal  are  secre- 
tory or  prevailingly  so.  There  may  be  variations  in  the  individual  fibers  in 
the  case  of  particular  animals.  This  may  be  due  to  the  fact  that  there  is  a 
combination  of  the  two  kinds  of  fibers  in  the  one  system.  The  trophic 
fibers  are  supposed  to  act  by  setting  up  metabolic  processes  in  the  cells  re- 
sulting in  the  formation  of  certain  substances  like  mucin.  That  these 
changes  do  take  place  has  been  demonstrated  by  microscopic  examination. 
These  processes  represent  the  breaking  up  of  complex  matters  and  the  form- 
ation of  simpler  substances  found  in  the  secretion.  Side  by  side  with  the 
katabolism  we  find  anabolic  changes  forming  new  materials  from  the  blood 
supplies  furnished  to  the  cells,  although  the  katabolic  changes  are  more 
prominent,  being  under  the  influence  of  the  trophic  fibers.  The  action  of 
the  secretory  fibers  is  obscure  although  it  is  supposed  that  the  flow  of  water 
is  regulated  by  the  gland  activity,  this  gland  activity  attracting  to  the  gland 
cell  the  water  from  the  blood,  the  water  being  absorbed  during  the  resting 
condition  of  the  gland  from  the  membrane  which  collects  its  fluid,  the 
lymph  in  turn  being  supplied  from  the  blood.  As  the  water  in  the  cell  in- 
creases there  is  a point  reached  when  the  equilibrium  is  established  after 
which  no  more  water  is  passed.  By  the  action  of  the  secretory  fibers  the 
process  of  filtration  is  materially  assisted,  the  water  passing  from  the  cell 
into  the  lumen  of  the  tubule.  Ranvier  has  pointed  out  that  during  secre- 
tion there  is  the  formation  of  minute  vacua  in  the  substance  of  the  cell, 
these  being  filled  with  water.  During  the  activity  of  the  glands  there  are 
very  marked  changes  in  the  cells  both  of  the  mucous  and  serous  glands.  In 
the  parotid  gland  during  rest  the  cells  are  large,  solidly  filled  with  granules, 
the  nucleus  being  small. 

After  the  stimulation  of  the  sympathetics  the  cells  become  smaller,  the 
granules  more  closely  compacted,  and  the  neuclei  more  regular  and  round- 
ed, the  granules  being  arranged  in  two  layers,  the  outer  and  inner,  the  lat- 
ter being  more  dense.  By  increased  stimulation  the  granules  are  decreased 
and  are  collected  around  the  margin,  the  increase  of  stimulation  throwing 
out  the  substances  from  the  cell  and  the  cell  becoming  smaller  in  size.  In 
this  way  the  granules  are  utilized  in  the  formation  of  organic  matters.  It  is 
supposed  that  the  ptyalin  or  that  from  which  it  is  formed,  is  contained  in 
the  granules  during  the  resting  condition,  the  ptyalin  formation  taking  place 
during  activity.  During  activity  these  granules  change  and  are  removed 
from  the  cells  and  new  substances  are  built  up  out  of  the  matters  derived 
from  the  blood  and  lymph,  representing  the  nongranular  matter.  During 
the  resting  of  the  cell  there  is  formed  new  granular  matter.  In  the  mucous 
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cells  we  find  during  rest  the  cells  large  and  clear  with  flat  neuclei  toward 
the  cell  base.  During  activity  the  neuclei  are  rounded  and  approach  the 
center  of  the  cell,  the  cells  being  smaller.  By  prolonged  activity  the  cells 
become  still  smaller,  some  of  them  being  broken  up  and  their  places  being 
taken  by. the  crescent  cells  lying  underneath.  In  these  mucous  cells  large 
numbers  of  granules  appear  from  100  to  200  in  every  cell,  the  granules 
being  “composed  of  mucin  or  something  from  which  mucin  is  formed.  As 
the  secretion  goes  on  these  mucous  cells  like  the  serous  cells  become 
smaller,  the  granules  being  used  in  the  formation  of  the  secretion.  There 
are  thus  two  processes  in  the  act  of  secretion,  the  process  of  water  diffusion 
from  the  blood  including  salts  and  the  production  of  certain  constituents  of 
the  saliva  in  connection  with  cell  metabolism. 

These  constituents  when  formed  in  the  cells  are  washed  out  into  the 
ducts  by  the  water  from  the  blood.  If  small  quantities  of  atropin  are 
injectedinto  the  blood  or  into  the  duct  of  the  gland,  the  activity  of  the  cere- 
bro-spinal  fibers,  is  suspended  on  account  of  the  paralysis  of  the  fiber  end- 
ings in  the  cell.  It  does  not  seem  to  affect  the  cell  as  the  stimulation  of 
the  sympathetics  produces  secretion.  On  the  other  hand,  if  pilocarpin  is 
injected  into  the  blood,  or  the  gland  ducts  the  secretory  fiber  endings  stim- 
ulated and  there  is  produced  a continuous  secretion.  Nicotin  seems  to  have 
a different  effect,  stopping  the  action  of  the  secretory  fibers  by  producing 
paralysis  of  the  cells  in  the  ganglia,  through  which  the  fibers  pass  to  the 
gland  cells.  If  the  chorda  tympani  is  divided  after  a few  days,  the  secre- 
tion of  the  submaxillary  glands  begins  slowly  and  continues  slowly  for  some 
time  until  the  gland  becomes  atrophied.  This  is  called  the  paralytic  secre- 
tion. If  the  chorda  is  divided  on  the  one  side  there  is  a secretion  on  both 
sides,  the  secretion  on  the  side  opposite  to  the  one  divided,  being  called 
anti-paralytic  by  Langley.  He  explains  the  phenomena  as  due  to  the 
excitation  of  the  secretion  center  in  the  medulla,  being  so  largely  increased 
as  to  produce  by  the  excessively  venous  blood  the  continuous  secretion. 

Bradford,  however,  explains  it  more  satisfactorily  by  saying  that  the 
anabolic  fibers  of  the  gland  are  inhibitory  of  the  katabolism  of  the  cells  so 
that  if  these  fibers  are  divided,  the  gland  cell  is  handed  over  to  the  contin- 
uous action  of  the  secretory  fibers,  producing  a continuous  secretion  until 
the  gland  is  atrophied.  Normally  salival  flow  is  the  result  of  stimulation  of 
the  sensory  fibers,  the  glosso-pharyngeal  and  lingual  nerves,  of  the  mucous 
membrane  of  the  tongue,  the  impulse  thus  arising  being  sent  to  the  center 
and  transmitted  by  the  efferent  fibers  along  the  chorda  tympani  or  the  sym- 
pathetic system  to  the  glands  by  reflex  action.  If  the  chorda  is  divided  the 
reflex  is  cut  off,  even  if  the  sympathetics  are  undivided.  As  the  flow  of 
saliva  is  a reflex  action  there  would  naturally  be  a reflex  center  associated 
with  the  flow,  and  it  has  been  located  in  the  medulla  not  far  from  the  vaso- 
motor center.  If  the  medulla  is  destroyed  no  salival  flow  can  be  produced 
by  stimulation.  The  direct  irritation  of  the  medulla  will  produce  a flow. 
This  center  may  be  stimulated  through  the  vagi,  the  sciatic  or  the  splanch- 
nic nerves,  as  well  as  through  the  psychic  centers  as  in  the  case  of  nausea, 
preceding  vomiting  when  there  is  a flow  of  saliva.  In  the  same  way  the 
center  may  be  inhibited  under  the  influence  of  the  higher  centers  as  in  the 
case  of  emotion,  fear  or  fright. 

SECTION  III.  Pancreatic  Secretion- 

The  pancreas  in  the  human  subject  is  found  behind  the  stomach  in  the 
abdominal  cavity.  It  is  found  to  be  a long  narrow  gland,  its  upper  end 
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being  in  contact  with  the  duodenum,  and  its  lower  end  resting  upon  the 
spleen.  The  main  duct  opens  into  the  duodenum  along  with  the  bile  duct 
below  the  pyloric  orifice.  Sometimes  there  is  a small  duct  farther  down 
The  pancreas  is  one  of  the  compound  tubular  glands,  the  alveolar  cells  being 
serous,  the  outer  part  of  the  cell  being  composed  of  non-granular  substances, 
the  inner  part  toward  the  cavity  being  granular.  In  addition  to  the  regular 
cells  there  are  also  a number  of  small  and  clear  cells  irregularly  shaped, 
supposed  by  some  to  be  imperfect  secretory  cells  and  by  others  a different 
kind  of  secretory  cell  taking  part  regularly  in  the  secretory  process.  The 
tubular  cavity  of  the  cell  is  continuous  with  the  capillaries  which  lie  between 
the  cells,  the  capillaries  branching  out  into  the  cell  substance.  The  pan- 
creatic secretion  is  clear  and  alkaline  in  reaction.  Its  character  depends 
on  the  time  when  it  is  taken  and  also  on  the  animal.  Its  alkaline  reaction 
is  due  to  the  presence  of  the  sodium  carbonate,  varying  from  .2  to  .5  per 
cent.  The  pancreatic  secretion  seems  to  depend  somewhat  on  the  stomach 
digestion,  the  beginning  of  the  secretion  being  connected  with  the  begin- 
ning of  digestion  and  therefore  a reflex  action.  There  are  distinct  secretory 
fibers  just  as  in  the  case  of  the  salivary  glands.  The  stimulation  of  either 
the  sympathetic  or  the  pneumogastric  increases  the  pancreatic  flow  after  a 
period  of  latent  rest.  The  same  distinction  of  the  fibers  is  found  in  connec- 
tion with  the  secretion,  the  secretory  fibers  predominating  in  the  pneumo- 
gastric and  the  trophic  fibers  in  the  sympathetics.  By  the  stimulation  of 
the  medulla  the  flow  of  pancreatic  juice  is  increased,  changing  the  contents 
of  the  organic  portion.  Some  previous  experiments  give  different  results, 
probably  on  account  of  the  changes  in  the  blood  supply,  as  the  constriction 
of  the  blood  vessels  hinders  the  action  of  the  secretory  fibers.  If  the  sym- 
pathetics are  stimulated  there  is  usually  no  effect  upon  the  secretion  because 
at  the  same  time  there  is  constriction  of  the  vaso-constrictor  fibers.  If  the 
sympathetic  nerve  has  been  previously  cut  so  as  to  produce  degeneration  of 
the  vaso-constrictors,  the  application  of  stimulation  will  produce,  after  a 
period  of  rest,  a secretion  of  the  pancreatic  juice. 

Heidenhain’s  theory  of  secretory  and  trophic  fibers  has  been  applied  to 
the  pancreas,  the  sympathetics  containing  the  trophic  fibers  and  the  vagi 
the  secretory  fibers.  It  is  difficult  to  explain  the  period  of  latent  stimula- 
tion which  is  long,  between  the  application  of  stimulation  and  the  secretion 
of  the  fluid.  It  has  been  suggested  that  this  is  due  to  the  presence  of  inhib- 
itory fibers  which  check  the  action  of  the  secretory  fibers.  The  cell  changes 
in  the  gland  are  very  similar  to  those  of  the  salivary  glands.  By  subjecting 
the  pancreas  of  the  rabbit  to  microscopic  examination  the  pancreas  can  be 
examined  while  alive,  both  active  and  inactive.  During  inactivity  the  cells 
become  indistinct,  each  cell  being  filled  with  minute  granules  covering  the 
nucleus  and  leaving  exposed  only  a small  zone  next  to  the  basement. 
When  active  the  cells  are  smaller  and  more  distinct,  the  granules  being 
fewer  in  number.  In  the  case  of  the  fresh  gland  which  has  been  inactive 
the  cells  are  full  of  granular  matter  except  at  the  base  where  there  is  a nar- 
row zone  non-granular.  In  the  case  of  a pancreas  that  has  been  active  the 
granular  portion  is  much  smaller  and  the  non  granular  part  much  larger. 
The  cell  is  found  to  be  much  smaller  during  activity,  the  granular  matter 
being  used  up  in  connection  with  the  .secretion.  When  the  secretion  has 
been  completed  the  cell  returns  to  its  normal  resting  condition,  new  granu- 
lar matter  being  formed,  the  new  granules  filling  up  the  whole  cell  except  a 
small  portion  at  the  basal  end.  When  the  gland  is  not  active  the  separate 
cells  cannot  be  clearly  distinguished  from  one  another,  the  only  distinction 
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in  the  gland  being  between  the  clear  and  dark  zone.  While  acti\  e the  cells 
of  the  gland  become  distinctly  marked,  the  part  of  the  organic  matter  of 
the  secretion  being  formed  in  connection  with  the  granular  matter,  the 
granules  being  formed  inside  the  cell.  This  seems  to  imply  that  during  rest 
the  cell  is  forming  by  metabolism  certain  products  out  of  its  own  substance, 
certain  substances  which  fill  the  cell  so  that  during  secretion  these  are  dis- 
charged from  the  cell  and  unite  with  the  water  and  other  substances  to 
form  the  secretion.  It  is  supposed  that  the  pancreatic  ferments  are  taken 
from  the  granules  of  the  cells,  the  granules  containing  the  zymogen  from 
which  the  ferment  is  formed.  If  the  gland  is  taken  from  a dog  that  has 
been  fasting  and  the  gland  is  prepared  with  glycerine  there  is  almost  no  fer- 
ment found  in  it.  If  the  gland  is  kept  heated  about  350  C and  then  after  a 
day  is  prepared  in  glycerine  the  extract  of  glycerine  will  exhibit  strong  fer- 
mentive  action.  This  indicates  that  the  substance  out  of  which  the  ferment 
is  formed  is  contained  in  the  granules,  so  that  corresponding  with  the  three 
ferments  we  have  three  ferment  formers.  The  pancreatic  flow  is  closely 
connected  with  the  digestive  action.  As  soon  as  the  food  enters  the  stom- 
ach there  is  a flow  of  the  secretion  which  increases  until  it  reaches  its  maxi- 
mum about  the  sedond  hour  after  a meal.  Afterward  it  gradually  diminishes 
until  the  fourth  or  fifth  hour  and  then  increases  again  until  the  9th  or  10th 
hour  after  which  it  gradually  diminishes.  These  estimates  have  been  made 
in  connection  with  the  dog  and  would  require  modification  in  application  to 
the  human  subject,  depending  chiefly  on  the  variation  in  the  time  of  meals. 
In  human  beings  and  lower  animals  the  beginning  of  the  secretion  seems 
to  be  almost  simultaneous  with  the  beginning  of  digestion  in  the  stomach. 
This  indicates  that  pancreatic  secretion  is  aroused  by  the  stimulation  upon 
the  mucous  membrane  of  the  stomach,  theaction  taking  place  reflexly.  In 
some  animals  it  has  been  found  that  by  the  use  of  condiments  like  pepper, 
or  mustard  introduced  into  the  stomach  and  intestine  the  pancreatic  secre- 
tion is  greatly  increased.  It  has  been  found  that  acids  have  the  sameeffect 
while  alkalies  have  the  opposite  effect.  The  acidity  of  the  gastric  juice  is 
probably  the  chief  stimulant,  the  flow  of  the  gastric  juice  originating  the 
impulses  that  excite  the  pancreas.  This  action  probably  takes  place  by 
stimulation  of  the  sensory  fibers  of  the  mucous  membrane.  The  nerves  of 
the  pancreas  come  from  the  solar  plexus  of  the  splanchnic  sympathetics, 
some  of  them  coming  primarily  from  the  right  vagus.  If  the  medulla  is 
stimulated  the  resting  gland  will  secrete  fluid  indicating  that  it  is  a reflex 
action,  and  this  takes  place,  even  though  the  vagi  are  divided  so  that  the 
efferent  impulses  must  pass  some  other  way  than  through  the  vagi.  If  the 
gland  is  active  secretion  will  be  arrested  by  the  stimulation  of  the  central 
end  of  the  vagus.  The  same  effect  follows  from  the  stimulation  of  the  sci- 
atic indicating  the  inhibition  of  the  center  in  the  medulla.  It  is  claimed  by 
some  that  even  after  cutting  off  all  nerve  connection  the  gland  will  con- 
tinue to  secrete  but  this  has  not  been  proved.  Thus,  the  action  of  the  pan- 
creas during  secretion  is  very  much  analogous  to  the  action  of  the  salival 
glands. 

. SECTION  IV '---Gastric  Secretion. 

The  gastric  glands  are  simple  tubular  glands  which  possess  no  system  of 
ducts  such  as  are  found  in  the  compound  glands.  There  is  a large  opening  in 
each  gland,  the  opening  being  lined  with  epithelium  of  the  columnar  type. 
The  longer  part  is  narrower  and  forms  the  secreting  portion,  being  lined  with 
cells  of  the  cuboidal  type.  The  pyloric  glands  differ  from  the  fuudic  glands, 
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having  only  one  kind  of  secreting  cell  while  the  fuudic  glands  have  two  kinds 
of  cells.  In  the  fundic  glands  the  lining  is  of  cylindrical  epithelial  cells  which 
Heidenhain  calls  the  principal  cells.  It  is  in  these  cells  that  pepsin  is  formed. 
There  are  also  oval  cells  lying  close  to  the  basement  membrane  and  not  ex- 
tending as  far  as  the  cavity  of  the  gland.  These  are  called  marginal  cells,  some- 
times oxyntic  cells  because  of  the  formation  of  the  acid  of  the  gastric  juice  in 
these  cells.  These  cells  are  spoken  of  as  undeveloped  cells  of  the  principal 
type.  It  seems  that  they  are  cells  of  a peculiar  kind,  having  a special  function 
of  their  own.  In  these  cells  it  is  found  that  there  exist  often  a number  of 
nuclei,  as  many  as  five  or  six.  In  the  cells  are  also  found  vacua  which  de- 
velop, after  the  beginning  of  digestion  becoming  larger,  and  then  after  becom- 
ing smaller  gradually  disappear.  This  seems  to  be  connected  with  the  forma- 
tion of  the  secretion.  The  duct  of  the  gastric  gland  is  not  continuous  through- 
out the  length  of  the  gland,  the  central  cavity  sending  off  branch  cavities  to 
the_marginal  cells  forming  a meshwork  around  the  cells.  The  principal  cells 
have  direct  communication  with  the  central  cavity,  the  marginal  cells  being 
communicated  with  by  a series  of  capillary  branches.  This  indicates  the  fact 
that  the  marginal  cells  are  distinct  from  the  principal  cells.  In  the  secretion 
of  the  glands  upon  the  mucous  membrane  we  find  the  gland  secretion  mixed 
with  mucin  derived  from  the  cells  upon  the  surface  of  the  mucous  membrane. 
In  addition  to  the  mucous,  the  water  and  the  salts,  there  is  the  hydrochloric 
acid  and  the  ferments  pepsin  and  rennin.  According  to  Heidenhain  the  secre- 
tion  of  pepsin  takes  place  in  the  pyloric  end.  The  pyloric  end  was,  by  him, 
made  in  a seperate  sac  and  bound  to  the  abdominal  walls  so  as  to  be  separated 
from  the  rest  of  the  stomach,  so  that  the  secretion  of  the  pyloric  end  was  ob- 
tained free  from  the  secretion  of  any  other  part  of  the  gland.  This  forms  the 
negative  proof  which  Heidenhain  finds  for  the  secretion  of  the  hydrochloric 
acid  in  the  marginal  cells  of  the  fundic  glands,  the  pepsin  being  formed  in  the 
pyloric  end  where  principal  cells  only  are  found.  Some  have  denied  this  be- 
cause the  alkaline  character  of  the  solution  found  in  the  pyloric  end  they  say 
represents  an  abnormal  condition  on  account  of  the  division  of  the  vagus 
nerves,  hence,  it  is  claimed  that  the  reaction  of  this  part  of  the  gland,  like  the 
other,  is  acid,  normally.  In  the  gastnc  glands  the  nerve  connection  is  obscure. 
The  stimulation  of  the  vagi  and  the  sympathetics  gives  no  positive  results  and 
their  division  does  not  retard  or  arrest  the  secretion.  In  cases  reported,  the 
sight  of  food,  in  the  case  of  starving  animals,  and  in  a case  reported  in  which 
the  complete  closure  of  the  oesophagus  produced  a flow  of  gastric  juice,  there 
is  an  indication  that  impulses  are  sent  down  from  the  higher  centers.  In  the 
same  case  the  chewing  of  food  in  the  mouth,  although  no  swallowing  could 
take  place  produced  a flow  of  secretion  indicating  the  reflex  stimulation  in  con- 
nection with  the  mucous  membrane  of  the  mouth.  By  making  two  fistulous 
openings,  one  in  the  upper  part  of  the  oesophagus  and  one  in  the  stomach  so 
that  food  masticated  and  passed  to  the  oesophagus,  passed  out  at  the  opening, 
the  masticatory  and  insalivation  processes  produced  the  flow  of  gastric  juice 
in  the  case  of  the  use  of  animal  food.  After  the  division  of  the  two  vagi  there 
is  no  longer  any  gastric  secretion,  indicatingThaVhy  the  passage  of  reflex  im- 
pulses through  the  vagi,  the  first  secretion  was  produced.  In  confirmation  of 
this~  il  was  proved  that  stimulation  of  the  vagi  resulted  in  the  increase  of  the 
gastric  secretion  after  a long  latent  period.  From  this  it  is  concluded  that 
there  are  secretory  fibers  from  the  vagi  to  the  glands  of  the  stomach,  these 
nerves  receiving  impulses  reflexly  from  the  stimulation  of  the  sensory  nerves 
of  the  mucous  membrane  of  the  mouth. 

Heidenhain  removed  a portion  of  the  fundus  making  it  into  a blind  pouch, 
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attaching  one  end  to  the  abdominal  wall  in  order  to  form  a fistula.  The  cut 
parts  were  stitched  together  so  that  the  stomach  remained  continuous  the 
Fundic  pouch  being  entirely  cut  off  from  the  alimentary  canal.  \\  hen  food  was 
digested  there  was  found  a secretion  in  this  pouch,  the  secretion  beginning 
shortly  after  the  food  entered  the  stomach  and  continuing  until  ^ passed 
through  the  stomach.  By  the  swallowing  of  water  a similar  secretion  too 
place  although  iudigestible  matters  did  not  produce  any  such  secretion  The 
secretion,  therefore,  depends  upon  the  stimulation  of  the  food  and  is  limited^o- 
the  parts’ where  the  stimulation  takes  place.  Following  this  initial  secret  o 
there  is  a secondary  secretion  which  takes  place  when  absorption  begins  m the 
stomach.  This  secretion  in  the  isolated  pouch  was  found  to  belong  to  the  sec- 
ondary secretion,  the  stimulation  arising  in  connection  with  the  absorbed  p 
ducts  of  the  food  in  the  stomach,  acting  either  upon  the  glands  of  the  stomach 
or  upon  the  intrinsic  ganglionic  centers  in  the  stomach.  These  experiment 
have^been  repeated  by  recent  physiologists,  preserving  the  nerve  connection 

tbe'effec.  of  different  kinds  of  food  upon  the  secretion  and 
its  acidity  have  been  studied.  During  inactivity  the  gastric  mucous  membrane 
is  of  a pale  color  not  moistened,  covered  with  mucous  and  in  flapping  folds, 
during  activity  it  becomes  red  and  moist,  the  folds  disappearing,  and  fluid  being 
found  at  the  openings  of  the  glands.  If  active  secretion  takes  place  the  blood 
flow  is  rapid,  the  blood  being  arterial  in  color  so  that  vascular  dilatation  accom- 
panies the  gastric  secretion.  As  the  food  is  brought  into  close  contact  with  the 
mucous  membrane,  it  is  probable  that  the  secretion  takes  place  under  the  influ- 
ence of  local  stimulation.  This  is  proved  by  the  application  of  stimulation  to  a 
particular  part  when  the  secretion  takes  place  at  that  point.  The  secretion  was 
found  to  begin  almost  immediately  after  the  taking  of  food,  increasing  rapid  y 
until  it  reaches  the  maximum  about  the  second  hour,  after  which  the  low 
decreases.  With  the  increase  of  the  flow  there  is  an  increase  of  acidity  fol- 
lowed by  the  decrease  in  the  amount  of  the  secretion.  The  action  of  digestion 
becomes  very  decided  after  the  second  hour.  It  has  been-  found  that  the  great- 
est secretion  takes  place  in  case  of  a mixed  diet,  especially  if  it  consists  largely 
of  animal  meat.  A diet  of  wholesome  bread  produces  a secretion  that  is  of 
great  digestive  power.  By  the  administration  of  acids,  alkalies  and  neutral 
acids,  no  distinct  variation  in  the  secretion  was  noticeable,  while  the  use  of 
water  indicated  a decided  increase  in  the  gastric  secretion.  The  most  import- 
ant stimulation  of  the  gastric  secretion  occurred  in  connection  with  the  pep- 
tones, producing  a large  secretion  of  the  gastric  juice.  It  is  supposed  that  the 
water  and  peptones  directly  stimulate  the  sensory  nerve  fibers  in  the  mucous 
membrane,  reflexly  affecting  the  secreting  glands  by  the  efferent  fibers.  Thus, 
the  normal  secretion  takes  place  on  the  basis  of  nerve  stimulation.  The  Hfirvs 
supply  to  the  stomach  is  found  in  the  vagi  and  the  splanchnics  from  the  solar 
plexus.  The  anterior  part  of  the  vagus  from  the  oesophagus  is  distributed  to 
the  smaller  curvature,  and  the  anterior  part  of  the  stomach,  constituting  a 
plexus.  The  posterior  nerve  is  distributed  in  the  posterior  part  of  ilie  stomach. 
The  majority  of  the  fibers  pass  to  the  solar  plexus.  These  vagi  branches  are 
almost  all  non-medullated,  only  a few  being  medullated-  brotn  the  solar 
plexus  the  nerve  fibers  pass  with  the  coeliac  artery  from  branches 
to  the  stomach.  The  fibers  from  the  solar  plexus  and  the  stom- 
ach are  non-medullated.  These  nerve  fibers  all  lie  beneath  the  per- 
itoneum, passing  inward  with  the  arteries  to  form  a plexus  between  the 
longitudinal  and  circular  coats,  and  another  plexus  in  the  submucous  coat.  It 
is  from  this  last  plexus  that  the  fibers  pass  to  the  mucous  coat.  During  the 
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secreting  process  the  cells,  especially  the  principal  cells,  manifest  great 
changes.  Heideuhain  took  the  glands  from  dogs  that  were  fed  once  a dav 
During  the  inactivity  of  the  cell  he  found  it  large  and  clear.  During°he  active 
condition  of  the  cells  the  principal  and  marginal  cells  increase  in  size,  but  that 
in  the  later  digestive  period  the  principal  cells  become  smaller,  while  the  mar- 
ginal cells  continue  about  the  same  size,  or  increase  in  size.  There  is  a short 

PSfi°W!irdtheC  OSe/idlgeStio11  when  the  PrinciPal  cells  increase,  after 
which  they  decrease  gradually  till  they  become  normal  again. 

Langley  found  that  the  Blimpa]. cells  when  inactive  were  filled  with  gran- 
ular matter  while  during  activity  the  granular  matter  is  used  up,  first,  being 
removed  from  the  base  of  the  cell,  this  being  the  first  part  to  be  filled  with  the 
non-granular  matter  This  granular  matter  represents  an  intermediate  stage 
m the  preparation  of  the  ferments  of  the  gastric  secretion,  representing  there- 
J?,re’  tLe  zymogen,  preliminary  to  the  formation  of  pepsin  or  the  pepsinogen. 
The  glands  of  Brunner  are  found  at  the  beginning  of  the  intestine  close  to  the 
pytonc  part  similar  to  the  stomach  glands  at  the  pyloric  end.  These  intestinal 
glands  have  some  branching  tubules,  the  cells  being  identical  with  the  cells  of 
the  pyloric  glands  The  secretion  of  these  glands  is  small  and  is  supposed  to 
contain  pepsin.  In  the  small  and  large  intestines,  the  Liberkuhn  crypts  are 
found  similar  m appearance  to  the  gastric  glands  but  different  in  the  epithelial 
lining  which  is  found  to  contain  goblet  and  columnar  cells,  the  former  secre- 
ting mucin.  It  is  questionable  whether  these  glands  form  an  independent 
secretion,  the  intestinal  secretion  being  associated  with  these  glands,  the  fer- 
“eut^being  lnvertin.  The  cells  of  these  crypts  are  different  from  the  normal 
secreting  cells,  so  that  if  their  function  is  secreting  they  are  a peculiar  kind  of 
cell.  The  secretion  of  the  stomach  glands,  therefore  depends  upon  the  stimu- 
lation of  the  mucous  membrane  either  by  the  food  or  by  some  artificial  means 
such  as  a feather  in  connection  with  the  mucous  membrane,  although  in  the 
last  case,,  the  secretion  is  very  small.  In  the  case  of  all  the  cells  we  have  found 
in  the  salival  pancreatic  and  gastric  glands  the  same  characteristics.  The  sub- 
stance, of  the  cells  is  actively  producing  part  of  the  cell  secretion,  the  elements 
assuming  the  form  of  granules.  This  may  not  represent  all  the  matter  stored 
m the  cells.  During  the  cell  activity  this  matter  is  discharged  from  the  cell  in 
some  wray , whereas,  new'  matter  is  formed  in  connection  with  the  cell  sub- 
stance in  order  to  prepare  for  still  further  secretion. 


SECTION  V.  Hepatic  Secretion. 

The  liver  is  a compound  tubular  gland.  The  secretory  part  of  the  liver  is 
represented  by  hepatic  cells  the  ductsjepresenting" the  channel  along  which'* 
the  bile  secretion  is  excreted  fromllie  gland.  There  are  other  changes  taking 
place  in  connection  with  the  liver  in  the  formation  of  glycogen  and  urea  but  as 
these  belong  to  metabolism  and  excretion  proper  they  will  be  discussed  later. 
ItLthe  liver,  therefore,  we  have  internal  and  external  secretion.  The  liver  is 
divided  into  lobules,  these  lobules  consisting  ot  hepatic  cells  arranged  iu  col- 
umns extending  outward  from  the  center,  the  capillaries  inside  the  lobule  being 
so  arranged  ‘that  each  one  of  the  cells  in  these  column  of  cells  has  blood  sup- 
plied from  the  hepatic  artery  and  the  portal  vein.  I11  connection  with  the 
formation  of  external  secretion  the  bile  ducts  are  closely  connected  with  the 
minute  interlobular  branches  encircling  the  lobules.  It  is  difficult  to  trace  out 
the  connection  of  the  capillaries  with  the  ducts  of  the  lobules  and  the  hepatic 
cells.  Each  of  the  hepatic  cells  has  connection  with  the  bile  capillaries  and 
also  wffth  thelffood  capillaries,  the  substance  of  the  cell  dividing  these  capil- 
laries from  one  another.  Recent  experiments  have  proved  that  the 
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bile  capillaries  have  direct  connection  with  the  cells  by  means  of 
fine  duets!  Much’  ~cfiscussioif  'Has  arisen  in  regard  to  the  rela- 
tion of  the  hepatic  cells  to  the  epithelial  lining  of  the  bile 
ducts  and  the  question  of  the  existence  of  a distinct  wall  in  the  bile  capillaries. 
The  majority  believe  that  there  is  no  distinct  membranous  wall  in  the  bile 
capillaries,  these  representing  simply  the  spaces  between  the  cells,  forming 
canals  along  which  the  bile  passes.  At  the  point  where  the  capillaries  unite 
with  the  ducts  the  hepatic  cells  unite  with  the  epithelial  lining  of  the  ducts 
forming  a continuous  membrane.  These  hepatic  cells  are  the  secretory  cells. 
Several  Physiologists  have  traced  nerve  fibers  to  these  cells,  indicating  that  the 
cell  activity  is  controlled  by  the  nervous  connection. 

Some  recent  experiments  have  pointed  out  the  termination  of  the  nerve 
fibers  between  the  cells  without  entering  into  the  cell  substance.  The  bile  is  a 
composite  secretion  of  a reddish  brown  color  in  the  human  subject.  In  addi- 
tion to  the  pigments,  salts,  acids  and  nucleo  albumin  there  is  a large  proportion 
of  COo  , loosely  combined  with  the  secretion,  indicating  the  great  changes  that 
take  place  in  connection  with  the  metabolic  processes  in  the  cells.  The  amount 
of  bile  secreted  daily  can  be  estimated  by  means  of  a canula  establishing  con- 
nection with  the  bile  duct  or  the  gall  bladder.  It  is  estimated  from  700  to  8oO' 
CC  daily,  or  10  to  14  CC  per  kilogramme  of  body  weight.  The  bile  must  be 
secreted  continuously,  the  secretion  being  stored  in  the  gall  bladder  so  as  to  be 
thrown  out  into  the  duodenum  as  occasion  requires  in  the  digestive  process. 
Its  movement  from  the  liver  into  the  alimentary  canal  is  not  continuous  but 
intermittent,  the  excretion  taking  place  in  jets  like  the  flow  of  blood  from  an 
artery,  this  being  due  to  the  contractions  of  the  muscular  coatings  of  the  large 
ducts.  Thus,  while  the  secretion  is  continuous  the  excretion  is  intermittent. 

The  secretory  activity  is  closely  connected  with  digestive  action.  In  the 
case  of  dogs  it  has  been  observed  that  the  secretion  becomes  much  more  rapid 
three  or  four  hours  after  the  beginning  of  the  digestive  process,  a diminution 
taking  place,  followed  by  another  increase  toward  the  ninth  or  tenth  hour.  It 
is  supposed  that  the  relation  between  the  digestive  action  and  the  secretion  of 
bile  depends  upon  reflex  action,  some  believing  that  it  depends  upon  the  in- 
crease in  the  supply  of  blood  to  the  liver.  If  bile  is  present  in  the  blood  it  will 
stimulate  the  activity  of  the  hepatic  cells.  From  this  some  have  concluded 
that  by  the  absorption  of  substances  from  the  bile  in  the  intestine  into  the 
blood  the  secretion  is  increased.  There  seems  to  be  a variation  in  the  bile  de- 
pending upon  the  nature  of  the  food,  the  secretion  being  greatest  where  ani- 
mal food  is  used  and  less  when  the  diet  consists  largely  of  fats.  The  amount 
of  the  bile  changes  with  the  blood-flow  through  the  liver.  The  blood  is  sup- 
plied from  the  portal  vein  and  the  hepatic  artery,  although  the  bile  secretion 
continues  even  after  shutting  off  one  of  these  sources.  The  material  used 
fnost  abundantly  supplied  to  the  hepatic  cells  is  carried  to  them  by  the  portal 
vein,  the  amount  and  character  of  the  bile  depending  upon  the  character  and 
constituents  of  this  blood.  If  the  portal  circulation  is  obstructed  the  secre- 
tion is  diminished.  By  the  stimulation  of  the  spinal  cord  the  abdominal  vis- 
cera become  constricted  producing  a diminution  of  the  portal  circulation  The 
secretion  is  also  diminished.  If  the  spinal  cord  is  divided,  the  bile  flow  is  les- 
sened on  account  of  the  paralysis  of  the  vascular  system.  If  the  splanchnics 
are  then  divided  the  stimulation  of  the  splanchnics  produces  a still  further  les- 
sening of  the  secretion.  If  the  splanchnics  are  divided  without  dividing  the 
spinal  cord  it  increases  the  bile  flow,  the  dilatation  of  the  abdominal  vascular 
system  increasing  the  portal  circulation.  These  facts  would  seem  to  indicate 
that  the  bile  secretion  depends  upon  the  blood  pressure,  and  it  is,  therefore,  a 
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matter  of  filtration.  Even  if  the  pressure  in  the  bile  ducts  exceeds  the  press- 
ure of  the  portal  circulation,  the  secretion  continues.  The  quantity  of  the 
secretion,  therefore,  will  depend  upon  the  quantity  of  blood  flowing  through 
the  portal  circulation  rather  than  upon  the  pressure.  The  actual  secretion  de- 
pending not  so  much  on  the  amount  of  blood  as  on  the  amount  of  elements 
found  in  the  portal  circulation,  as  all  these  are  brought  from  the  alimentary 
canal  in  connection  with  digestion.  In  the  formation  of  the  bile  there  is  no 
direct  evidence  of  the  existence  of  secretory  fibers  controlling  the  secretion  be- 
cause by  stimulation  the  fibers  to  the  liver,  vaso  motor  action  is  stimulated. 
The  nerve  supply  to  the  liver  conies  from  the  solar  plexus  through  the  hepatic 
plexus  associated  with  the  portal  vein,  the  hepatic  artery  and  the  bile  duct.  The 
nerve  supply  to  the  solar  plexus  is  the  abdominal  splanchnics  and  the  terminal 
of  the  right  vagus.  From  the  left  vagus  there  are  also  small  branches.  The 
most  of  the  fibers  are  non  medullated.  It  has  been  shown  that  there  are  spe- 
cial motor  fibers  to  the  ducts  and  the  gall  bladder.  If  the  splanchnics  are  di- 
vided and  stimulated  peripherally,  the  bile  ducts  and  gall  bladder  will  contract, 
stimulation  of  the  central  end  producing  dilatation.  If  the  central  end  of  the 
vagus  is  stimulated,  contraction  of  the  gall  bladder  takes  place  inhibiting  the 
opening  of  the  bile  duct  into  the  duodenum.  This  would  indicate  that  the 
efferent  fibers  are  found  in  the  vagus,  the  efferent_running  in  the  splanchnics 
through  the  semilunar  plexus.  Thus^he^secretion  of  bile  takes  place  continu- 
ously in  the  hepatic  cells,  being  ejected  into  the  bile  capillaries,  the  amount  de- 
pending upon  the  amount  and  composition  of  the  blood  flowing  through  the 
liver,  the  actual  formation  taking  place  in  connection  with  the  activity  of  the 
cells.  While  digestion  is  going  on  the  bile  secretion  increases.  When  the  bile 
reaches  the  ducts  it  is  ejected  by  the  secretion  of  the  new  bile,  and  the  contrac- 
tion of  the  walls  of  the  ducts.  The  storage  takes  place  in  the  gall  bladder  from 
which  it  is  ejected  intermittently  into  the  duodenum.  On  account  of  the  vaso- 
motor action  in  connection  with  the  stomach  and  intestines  there  is  a full  sup- 
ply of  blood  in  the  alimentary  canal,  this  resulting  in  an  increased  flow  of 
blood  to  the  portal  circulation.  Some  think  there  are  also  rhythmic  pulsations 
in  the  portal  vein  resulting  in  the  rapid  driving  of  the  blood  to  the  liver  and 
therefore  assisting  in  the  secretion. 

SECTION  VI  "The  Kidney  Secretion- 

The  kidney  is  a compound  tubular  gland  which  consists  of  a secreting  part 
including  the  capsule,  the  tubules  and  the  loops  and  a collecting  part  consist- 
ing'oFa  straight  tubular  part.  In  the  secreting  part,  the  epithelial  lining  dif- 
fers very  much  in  different  parts  of  it.  The  solid  part  consists  of  a cortical 
and  medullary  part,  the  medullary  part  consisting  of  conically  shaped  mal- 
pighian  bodies,  the  apex  of  these  bodies  opening  into  the  sinus.  The  cortical 
portion  is  of  a bright  crimson  hue.  Each  Malpighian  body  consists  of  two 
parts,  a blood  vessel  portion,  the  glomerulus  and  the  capsule,  a continuation 
and  expansion  of  the  tubule.  The  glomerulus  consists  of  a small  artery  which 
divide  into  a number  of  capillaries,  these  uniting  to  form  a vein.  The  entire 
area  represents  a peculiar  structure  so  that  the  blood  flow  is  very  slow  and  the 
blood  pressure  high. 

Enveloping  these  glomeruli  is  the  capsule  with  two  walls,  the  one  close  to 
the  capillaries  composed  of  flat  epithelial  cells  so  that  between  the  blood  ves- 
sels and  the  glomerular  cavity  there  are  two  thin  epithelial  layers,  that  of  the 
capillaries  and  the  glomerular  epithelium.  In  this  way  the  filtration  from  the 
blood  takes  place  freely.  The  epithelium  of  the  convoluted  tubule  has  cells  of 
the  cubordal  or  cylindrical  type  granular  in  appearance.  These  cells  have  1m- 
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portant  secreting  action.  The  secretion  of  urine  takes  place  in  the  cortical 
part  from  which  it  is  carried  by  the  medullary  part  to  the  sinus,  from  whence 
it  passes  through  the  ureter  into  the  bladder.  The  kidneys  are  composed  of  a 
number  of  smaller  glands  closely  bound  together.  The  tubules  pass  almost 
straight  through  the  medullary  part  but  are  very  much  convoluted  in  the  cor- 
tical portion.  Every  minute  tubule  starts  in  the  cortical  part  as  a small  sac 
surrounding  the  Malpighian  bodies.  This  sac  is  narrow  at  the  neck,  and  the 
tubule  forming  it  is  very  tortuous,  passing  into  the  medullary  part  and  form- 
ing loops.  In  the  loop  there  is  a descending  and  an  ascending  portion,  the 
latter  part  close  to  the  cortical  portion  being  spiral  and  forming  the  intercalary 
part  of  the  tube,  then  forming  the  straight  collecting  tube.  These  small  col- 
lecting tubes  unite  together,  passing  to  the  papillary,  forming  the  papillary 
ducts.  The  urine  composition  is  very  complex,  containing  as  it  does  the  final 
excretions  of  the  body  in  connection  with  the  various  body  metabolic  processes. 
It  is  a yellowish  secretion  with  a normal  acid  reaction  due  to  the  presence  of 
the  acid  sodium  and  lime  phosphate.  Its  specific  gravity  is  1016  to  1020.  In 
connection  with  the  secretion  it  is  important  to  consider  the  water  together 
with  the  inorganic  substances,  the  sodium  chloride,  the  sulphates,  phosphates 
and  CO2  and  the  nitrogeneous  products,  urea  and  uric  acid.  The  nerve  con- 
nection is  very  complete,  the  nerve  fibers  being  traced  into  the  basement  mem- 
brane with  terminals  between  the  cells.  The  blood  vessels  course  freely  in  the 
interstitial  connective  tissues,  the  veins  and  arteries  running  freely  through 
the  medullary  and  cortical  substance.  The  lymphatics  are  found  in  connec- 
tion with  the  minute  arteries  and  around  the  capsule,  the  vessels  being  ac- 
companied by  nerves,  the  nerve  fibers  passing  through  the  basement  membrane 
and  terminating  between  the  secretory  cells. 

Two  theories  are  held  in  regard  to  the  secretion  in  the  kidneys.  (1.) 
That  of  Ludwig,  that  the  secretion  takes  place  simply  by  diffusion  and  filtra- 
tion, the  water  being  filtered  through  from  the  blood  in  the  glomeruli  bearing 
along  with  it  the  urea  and  the  inorganic  salts.  The  dilution  of  this  fluid  takes 
pl^ce  in  the  passage  through  the  torturous  tubes  by  the  process  of  diffusion  in 
connection  with  the  lymph  that  freely  surrounds  these  tubules.  Recent  ex- 
periments seem  to  point  to  the  secretory  action  of  the  epithelial  cells  of  the 
tubules  furnishing  materials  to  the  secretion.  (2.)  The  latter  theory  of 
Bowman  and  Heidenhain  is  that  water  and  salts  are  originated  in  the  glomer- 
uli, while  urea  arises  in  connection  with  the  epithelial  cells  in  the  tortuous 
tubes  through  which  the  fluid  passes  in  its  passage  through  the  kidneys.  The 
secretion  thus  takes  place  in  connection  with  the  glomerus  and  also  the  cells  of 
the  uriniferous  tubules.  It  has  been  supposed  that  the  water  is  produced  by 
the  process  of  filtration  from  the  blood,  although  it  is  questionable  if  filtra- 
tion is  a correct  term  to  use  in  speaking  of  the  passage  of  water  and  other  sub- 
stances from  the  blood  to  the  glomerulus  into  the  tubular  cavity.  The  secre- 
tion process,  however,  in  the  main  consists  of  secretion  in  connection  with  the 
blood  flow  as  in  other  secretion  and  also  a peculiar  secretion,  as  we  will  see, 
due  to  the  peculiar  flow  through  the  kidneys.  The  amount  of  water  secreted 
depends  upon  the  volume  of  blood  circulated,  as  well  as  upon  the  pressure  of 
the  blood. 

Heidenhain  believes  that  the  epithelial  cells  of  the  glomeruli,  are  active  in 
the  process  of  water  secretion.  The  formation  of  the  water  depends  upon  the 
physiological  condition  of  these  cells,  the  quantity  of  urine  secreted  depending 
more  upon  the  quantity  of  blood  circulating  than  upon  the  pressure  of  the 
i7°d'u  I<:  566018  th.at  recent  experiments  indicate  that  the  epithelial  cells  of 
the  tubules  take  part  in  the  formation  of  the  nitrogenous  elements  of  urea  and 
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kindred  substances.  If  the  medulla  is  divided  and  urea,  urates  or  sodium 
acetate  are  injected  into  the  blood,  there  is  an  abundant  secretion.  It  is  not 
accompanied  necessarily  by  a rise  in  blood  pressure.  There  is  a distension  of 
the  kidney  but  the  urine  secretion  is  too  great  to  be  accounted  for  by  any  local 
increase  in  blood  flow.  These  substances  seem  to  excite  the  renal  epithelial 
cells,  producing  a very  abundant  secretion  in  to  the  tubule  cavity.  It  is  ac- 
companied by  the  vascular  dilation  but  not  sufficient  to  cause  the  secretion. 
This  indicates  the  activity  of  the  epithelial  cells,  indicating  a difference  between 
the  glomerular  secretion  and  the  epithelial  cell  secretion  of  the  tubules. 

If  the  ureters  are  ligatured  there  are  urate  deposits  found  very  abund- 
antly in  the  kidneys,  these  deposits  existing  in  the  tubules  and  not  in  the  Mal- 
pighian bodies.  The  uric  acid  is  thrown  out  through  the  epithelial  cells  of  the 
tubules.  Heidenhain  by ‘injecting  a strong  solution  of  indigo,  carmine  (sodium 
sulphindigotate)  into  the  circulation  after  the  division  of  the  spinal  cord  pro- 
duced a rapid  secretion.  The  kidneys  were  then  taken  out  and  a precepitate  of 
indigo  carmine  produced  by  the  injection  of  alcohol  into  the  vessels.  Heiden- 
hain found  that  the  granules  were  in  the  tubules  and  not  in  the  Malpighian 
bodies.  There  is  no  stream  through  the  tubules  as  the  flow  of  urine  is  arrested; 
hence  the  pigment  remains  where  it  is  thrown  out  of  the  cells.  It  did  not  pass 
through  the  gromeruli  so  that  it  must  have  been  taken  up  and  acted  on  by  the 


tubular  cells. 

According  to  recent  investigations  definite  changes  are  found  to  take 
place  in  the  cells,  the  secreting  matter  collecting  in  the  interior  of  the  cells, 
being  afterwards  discharged  into  the  cavity  of  the  cells.  In  birds,  for  example, 
urates  can  be  found  in  the  cells  of  the  tubules  and  none  in  the  capsules.  W hen 
inactive,  the  cells  are  small  and  granular,  the  cavity  of  the  tube  being  wide 
and  the  cells  towards  the  cavity  exhibit  striated  processes.  When  the  secre- 
tion of  fluid  takes  place  it  exhibits  a bright  vesicular  area  around  the  neucleus, 
followed  by  an  enlargement  of  the  cell  toward  the  cavity,  as  the  cavity  dimin- 
ishes in  size  and  the  striation  disappears.  After  the  cells  become  enlarged  the 
cavity  disappears,  the  fluid  being  thrown  out  by  filtration,  the  cells  being  rup- 
tured in  the  ejection  of  the  substances  of  the  vesicules.  The  water  and  salt 
secretion  takes  place  in  connection  with  the  glomerular  epithelium.  The  ques- 
tion is,  does  it  take  place  by  simple  filtration,  or  is  the  epithelium  active?  If 
the  filtration  process  was  simple  the  amount  of  the  urine  would  depend  upon 
the  blood  pressure  in  the  glomerulus.  The  kidney  is  a very  vascular  organ 
favoring  a rapid  flow  ot  blood.  . The  renal  artery  comes  away  from  the  abdom- 
inal aorta  in  which  the  blood  pressure  is  very  high.  The  renal  vein  passes 
directly  into  the  vena  cava  where  the  blood  pressure  is  very  low.  Between  the 
beginning  of  the  renal  artery  and  the  end  of  the  renal  vein,  there  is  a great  dif- 
ference in  the  pressure,  the  blood  flow  depending  upon  the  difference  m pres- 
sure,  a difference  equivalent  to  that  found  in  the  entire  lower  extremities  ot  the 
body.  If  the  blood  pressure  rises  in  the  aorta,  the  blood  flow  will  be  greater 
and  therefore,  the  pressure  would  be  greater  in  the  blood  vessels  of  the  gom- 
erule  and  vice  versa.  Experiments  have  proved  that  if  the  arterial  pressure  is 
below  40  or  50  mm.  the  urine  secretion  is  suspended  or  arrested.  If  the  renal 
arteries  are  constricted,  there  is  a diminution  of  the  secretion  accompanied  by 
a fall  of  the  blood  pressure  and  a diminution  of  blood  flow-  Distension  ot  the 
renal  arteries  increases  the  flow  of  urine  and  also  the  pressure  in  the  glomeru- 
lar capillaries  and  the  amount  of  blood  flowing  through  the  vessels.  . It  has 
been  concluded  that  as  the  pressure  of  the  blood  and  the  amount  of  unne \axy 
together  the  urine  secretion  depends  upon  the  filtration  process  of  the  water 
from  the’  blood.  The  variation  depends,  however,  not  only  upon  the  pressure 
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but  also  upon  the  quantity  of  blood  flowing  through  the  glomeruli.  Heiden- 
liaiu  believes  that  it  is  the  quantity  of  blood  that  determines  the  amount  of 
urine.  The  epithelial  cells  can  readily  secrete  water  and  do  not  act  simply  in 
the  filtration  process,  the  water  secretion  depending  upon  the  activity  of  the 
epithelial  cells.  If  the  renal  veins  are  partially  compressed  the  flow  of  urine 
becomes  slower,  or  may  be  arrested  entirely.  By  the  compression  of  the  veins 
the  pressure  would  be  raised  in  the  glomerular  vessels,  and  if  the  pressure 
theory  is  correct  it  would  increase  the  flow  of  urine.  If  there  is  compression 
of  the  renal  artery  the  secretion  of  urine  is  stopped  for  a considerable  time  after 
the  removal  of  the  pressure.  This  seems  to  indicate  that  the  epithelial  cells  are 
actively  engaged  in  the  secretion  of  water.  By  the  exciscion  of  the  kidneys 
some  experimenters  have  kept  up  the  kidney  activity,  proving  that  the  amount 
of  the  blood  and  the  rapidity  of  the  blood  flow  regulated  the  amount  of  the  urine 
secretion.  This  indicates  that  the  greater  part  of  the  water  is  secreted  in  con- 
nection with  the  living  cells  of  the  tubules,  although  there  is  also  a secretion  of 
water  and  salts  at  other  parts  of  the  tubule. 

How  does  this  epithelial  cell  activity  take  place?  On  the  analogy  of  other 
glands  it  would  seem  that  the  chemical  and  physical  properties  of  the  cell  sub- 
stance account  for  this  production  of  water.  This  activity  seems  to  be  pro- 
moted, especially  by  large  quantity  of  blood  flowing  through  the  glomerula. 
The  salts  tjiat  are  found  in  the  blood  may  act  as  excitants  of  cell  activity,  the 
chief  excitant  being  in  all  probability,  the  urea  present  in  the  blood  and  lymph. 
The  urea  elimination  from  the  blood  does  not  account  for  the  urea  of  the  urine, 
because  there  is  less  in  the  blood  than  in  the  urine.  The  urea  passes  from  the 
blood  by  some  selective  process  into  the  tubular  cavity.  There  must  be  great 
activity  in  the  cells  as  the  matter  is  passed  into  the  tubules,  as  rapidly  as  it  is 
taken  from  the  blood.  The  urea  seems  to  act  as  a stimulant  to  cell  activity. 
The  secretion  of  the  kidneys  depends  upon  the  quantity  of  blood  passing 
through  them,  therefore,,  the  blood  flow  is  an  important  factor  .in  secretion.  The 
kidney  isi,au  organ  ofgreat  vascularity  when  it  is  active. 

It  is  stated  that  by  the  use  of  diuretics  there  may  be  made  to  circulate 
through  the  kidneys  a volume  of  blood  equal  to  the  weight  of  the  organs.  This 
would  bring  into  the  renal  circulation  an  amount  largely  in  excess  of  that  in 
any  other  organ  of  the  body.  It  is  estimated  that  under  these  circumstances 
5 to  6 per  cent  of  all  the  blood  leaving  the  left  ventricle  per  minute  enters  into 
the  kidneys.  The  blood  supply  is  regulated  in  the  kidneys  by  the  vaso-motor 
action,  this  vaso-motor  action  beinpr  effecting  by  acting  through  'the'" arterial" 
blgod  pressure?  The  kidney  is  furnished  with  a definite  vasomotor  mechan- 
ism.# 'Ey  the  use  of  Ray’s  Oncometer  an  adaption  of  the  Plethys  mograph 
the  active  influence  of  the  vaso-motor  system  in  the  kidneys  may  be  tested.  It 
consists  of  a box  shaped  like  the  kidneys  consisting  of  two  parts,  connected  at 
the  back  by  hinges  and  locked  together  in  front.  Inside  the  box  membrane  is 
fixed  to  each  part  so  that  olive  oil  may  be  placed  between  the  membrane  and 
the  metal  wall.  This  forms  a soft  cushiou  of  oil  upon  which  the  kidneys 
press.  The  kidney  with  its  nerve  and  blood  connection  is  placed  in  one  half 
and  then  the  box  is  closed  so  that  no  exit  remains  except  one  for  the  olive  oil 
■which  is  in  connection  with  the  Oncognoph  a measuring  and  recording  instru- 
ment. As  the  kidney  increases  there  is  an  out  flow  of  the  oil  and  every 
decrease  in  the  kidneys  results  in  a flow  of  oil,  these  changes  being  recorded  by 
means  of  the  recorder.  The  urine  flow  can  be  found  out  by  means  of  the  can- 
ula  inserted  in  the  ureter.  1 he  increased  flow  of  urine  is  simultaneous  with 
the  enlargement  of  the  kidney,  that  is,  with  an  increased  flow'  of  blood,  and  a 
diminished  urine  flow'  accompanies  kidney  shrinkage,  that  is  diminished  blood 
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flow.  The  increase  in  volume  may  be  produced  in  connection  with  the  enlarg- 
ment  of  the  cells,  by  the  accumulation  of  lymph  and  the  enlargement  of  the 
blood  vessels,  the  latter  being  the  most  important  element.  In  this  way  it  has 
been  shown  that  constrictor  fibers  act  upon  the  blood  vessels  of  the  kidneys, 
these  constrictor  fibers  coming  from  the  constrictor  region  of  the  spinal  cord  in 
the  lower  thoracic  region.  In  the  dog  it  is  said  to  be  from  the  6th  dorsal  as 
low  down  as  the  3d  or  4th  lumbar  mainly,  however,  from  the  nth,  12th  and 
13th  dorsal  nerves,  passing  the  sympathetics  in  connection  with  the  splanchnic 
ganglia  through  the  solar  plexus  and  the  renal  plexus  to  the  kidneys  which 
they  reach  as  nonmedulated  fibers.  If  these  nerves  are  stimulated  there  is 
contraction  of  the  renal  arteries,  the  kidneys  decrease  in  size  and  the  urine 
secretion  is  diminished,  these  being  more  marked  in  the  case  of  stimulation  of 
the  nth,  12th  and  13th  dorsal  nerves  and  less  marked  in  the  higher  roots.  If 
these  fibers  are  divided  dilatation  takes  place  in  the  arteries,  the  kidney,  is 
enlarged  and  the  amount  of  blood  flowing  through  it  is  increased  and  the  urine 
secretion  is  also  diminished.  These  nerves  are  stimulated  reflexly  and  thus 
exert  a continuous  influence  upon  the  kidney  and  its  secretions.  There  are 
also  dilator  fibers  to  the  kidneys  which  produce  when  stimulated  dilatation  of 
the  arteries  and  an  increase  in  the  blood  flow.  These  nerves  come  from  the 
spinal  cord  by  the  anterior  roots  of  the  nth,  12th  and  13th  spinal  nerves.  The 
vasO  dilator  fibers  also  exist  in  the  higher  roots  aud  are  accompanied  when 
stimulated  by  dilatation  of  the  vessels  of  the  other  abdominal  organs  leading 
to  the  general  fall  in  the  blood  pressure  counteracting  the  kidney  dilatation. 
They  are  stimulated  reflexly  and  thus  act  upon  the  secretion  of  the  kidney’s 
through  the  increased  blood’  supply.  In  this  way  there  is  a direct  nervous 
mechanism  controlling  the  blood  supply  and  therefore,  controlling  the  secre- 
tion of  the  urine  This  is  the  only  direct  influence  of  the  nervous  system  upon 
the  secretion  Aside  from  these  local  influences  and  influences  affecting  the 
general  arterial  pressure  and  flow  will  have  a modifying  effect  upon  the  secre- 
tion. The  kidney  is  very  subject  to  influences  due  to  chemical  action  tor 
example,  injectinga  small  quantity  of  water  into  the  blood  produces  kidney 
distension  after  a brief  period  of  shrinkage.  Urea  injected  into  the  blood  pro- 
duces more  marked  swelling.  Similarly  sodium  chloride  solutions  and.  diuret- 
ics like  sodium  acetate.  These  changes  take  place  even  after  separation  from 
all  nervous  connection  external  to  the  kidneys.  Increase  in  blood  pressure 
associated  with  asphyxia  or  poisoning  by  strychnine  tends  to  lessen  the  amount 
of  blood  flow  through  the  kidney,  aud  lessens  the  secretion.  If,  on  the  other 
hand,  from  any  cause  the  skin  vascular  system  is  dilated  the  blood  pressure  is 
lowered  and  consequently  the  blood  flow  is  diminished.  Any  change  m t e 
blood  that  will  alter  the  relation  of  the  blood  pressure  between  the  renal  \ em 
and  artery  will  increase  the  blood  flow  unless  this  is  changed  by  the  coutgac- 
tion  of  the  arteries.  Any  dilatation  6f  the  renal  blood  vessels  on  the  other 
hand  will  increase  the  flow  of  blood  unless  by  the  fall  of  blood  pressure  the  force 
of  resistence  becomes  so  strong  as  to  prevent  the  flow  cf  blood  from  being  si  fi 
cientlv  rapid,  and  therefore  it  decreases  the  amount  of  blood  flowing  through 
the  kidneys.  With  the  increase  in  general  blood  pressure  which  implies  a rise 
in  the-rrn-d-ominal  aorta  there  is  a greater  flow  through  the  kidneys,  > e « 

arteries  are  not  constricted.  This  may  be  caused  by  the  heart  pulsation  and 

the  respiratory  movements.  ... 

If  however,  the  renal  arteiies  are  constricted  as  in  cases  of  dyspucea 
the  blood  vessels  are  contracted,  increasing  the  blood  pressure  but  the  leua 
vessels  are  also  constricted  so  that  less  blood  flows  through 
a general  rise  in  the  blood  pressure  may  be  accompanied,  either  b>  an  enlarge 
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ment  or  a diminution  of  the  kidney,  and  therefore,  an  increase  or  decrease  in 
the  blood  flow.  Similarly  a fall  in  the  blood  pressure  will  lead  to  a lessening 
of  the  flow  of  blood  in  the  renal  vessels  unless  it  is  accompanied  by  dilatation 
of  the  renal  vessels  as  in  the  case  of  division  of  the  spinal  cord  below  the  me- 
dulla. We  may  conclude,  therefore,  in  connection  with  these  experiments 
that  there  are  two  processes  in  urine  secretion.  1.  Glomerular  secretion. 
2.  Secretion  in  connection  with  the  epithelium  of  the  uriniferous  tubules,  both 
of  these  differing  from  ordinary  secretion  such  as  we  find  in  the  case  of  sali- 
vary gland  secretion. 

( 1 . ) Glomerular  secretion.  By  dilatation  of  the  renal  artery  there  is  a 
more  rapid  blood  flow  through  the  glomeruli,  and  it  exerts  a greater  pressure 
upon  the  walls  of  the  glomeruli.  We  cannot  at  present  increase  the  blood  flow 
without  increasing  the  blood  pressure,  but  pressure  may  be  increased  without 
affecting  the  flow.  If  the  blood  is  prevented  from  flowing  out  through  the 
renal  vein  the  pressure  is  increased  in  the  glomeruli.  This  results  in  the  dimi- 
nution of  the  flow  of  urine  instead  of  an  increase.  This  proves  that  mere 
pressure  does  not  produce  the  passage  of  water  through  the  glomerular  loop 
walls,  and  therefore,  it  is  not  a mere  filtration  process.  All  that  passes  through 
the  loop  walls  is  water  and  some  soluble  substances  found  in  the  blood,  some 
say  proteid  while  others  say  there  is  no  proteid  at  all.  In  the  case  of  the  loop 
wall  we  find  not  only  a membrane  but  also  a layer  of  epithelial  cells.  The  ma- 
terials found  in  the  urine  must  pass  through  these  epithelial  cells,  the  cells  de- 
termining what  shall  pass  through.  In  order  to  accomplish  this  there  must  be 
a rapid  arterial  blood  flow  assisted  by  a high  pressure.  In  the  epithelium  is  a 
condition  of  derangement  as  in  the  case  of  the  cutting  off  of  the  blood  supply 
to  the  glomeruli  the  uterine  secretion  will  be  arrested.  On  removing  the  ob- 
struction the  urine  secretion  begins  and  it  will  be  found  to  be  albuminous  so 
that  the  albumin  which  does  not  usually  pass  through  the  epithelium  passes 
through  when  the  epithelium  is  abnormal.  Thus  the  presence  of  albumin  in 
the  urine  indicates  an  abnormal  kidney  condition,  especially  of  the  glomerular 
epithelium  This  indicates  the  activity  of  the  epithelium  of  the  glomeruli  as 
well  as  diffusion  and  filtration  in  producing  the  secretion. 

(2.)  Epithelium  of  the  urinifureous  tubules.  The  epithelial  cells  of  the 
tubules  are  active  in  secretion.  If  the  kidneys  are  extirpated,  or  if  they  are 
damaged  there  is  an  accumulation  in  the  blood  of  urea.  This  indicates  that 
urea  is  not  formed  by  the  epithelial  cells  from  kreatin  taken  from  the  blood 
but  that  the  epithelial  cells  have  the  power  of  selecting  the  urea  and  extract- 
ing it  from  the  blood  and  then  driving  it  into  the  cavity.  We  have  no  evi- 
dence of  any  process  of  urea  formation  in  the  kidney.  If  urea  is  injected  into 
the  blood  there  is  no  increase  in  the  amount  of  urea  in  the  urine,  but  an  in- 
crease in  the  urine  secretion  and  flow.  In  the  case  of  hippuric  acid  found  in 
the  human  urine  it  is  formed  by  the  combination  of  benzoic  acid  and  glyciu. 
If  a kidney  is  removed  from  the  body  and  the  circulation  is  kept  up  and  then 
benzoic  acid  and  glycin  are  added  to  the  blood  before  it  enters  the  kidney. 
Hippuric  acid  will  appear  in  the  blood  as  it  leaves  the  kidney.  If  the  kidney 
is  allowed  to  die  this  will  not  take  place  so  that  it  is  a living  process.  The 
cells  of  the  kidneys  are  supposed  to  have  the  power  of  selecting  these  sub- 
stances from  the  blood  and  forming  hippuric  acid.  The  action  of  the  cells 
seems  to  be  in  accordance  with  the  general  kidney  function  that  of  secretion 
in  p-eparation  for  the  discharge  of  the  waste  matters  from  the  body,  in  some 
cases  combining  these  substances  so  as  to  excrete  them  in  a peculiar  form. 
There  is  a great  variation  in  the  .substances  of  urine,  especially  as  between  wa- 
ter and  solids.  It  is  often  advantageous  to  the  system  to  discharge  a large 
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amount  of  water.  This  may  take  place  when  the  cutaneous  discharge  is  ar- 
rested or  suspended  as  in  the  case  of  constriction  by  cold  of  the  cutaneous 
channels  of  excretion.  The  same  is  true  in  cases  of  a large  proportion  of 
fluid  taken  in  the  form  of  drink.  The  amount  of  water  passes  to  the  blood 
increasing  the  dilatation  of  the  renal  vessels  and,  therefore,  promoting  activity 
of  tlw  glomeruli.  The  substances  found  in  the  water  may  also  affect  the  se- 
creting activity  of  the  glomeruli  promoting  the  secretion.  Similar  effects  are 
noticed  in  connection  with  the  emotions  increasing  the  urine  secretion.  In  the 
case  of  hysterical  urine  there  is  a discharge  of  urine  excessively,  the  water 
being  in  large  excess  of  ail  the  other  constituents.  In  this  case  the  impulses 
pass  down  from  the  brain  through  the  vaso-motors,  producing  dilatation  of  the 
renal  blood  vessels  and  thus  producing  a flow  of  urine. 


S ECTION  7 . Epidermal  gland  secretions. 

The  sebaceous  glands  are  either  simplej) ^compound  and^  are  fomid_oyer 
the  gnpprfirdal  surfaces  ofTKe  bbdTrsbnfefTmes^sspciaj^Jwnff^ams  and  some- 
times not,  as  in  fhe  case  ot  the  lips  fmd—TTTeouce.  In  connection  with  hairs, 
the  short  duct  connects  with  the  hair  follicle  so  that  the  secretion  passes  out  in 
connection  with  the  hair.  The  cells' of  these  glands  are  found  arranged,  in  lay.-., 
ers,  those  lying  nearest  the  ca\uty~!5eihg  filled  with  fat  and  being  destroyed  in 
the  formation  of  the  secretion.  By  the  formation,  of  new  cells  around  the  base- 
ment membrane  the  secretion  becomes  continuous.  The  secretion  or  sebum  is  an 
oily  substance  containing  fat  and  soap,  cholesterln  and  albumin,  inorganic  salts 
and  broken  down  epithelial  cells,  the  secretion  varying  in  character  in  the  dif- 
ferent glands  in  which  its  formation  takes  place.  The  prepuce  secretion  is 
called  smegma  preputii,  that  of  the  auditory  meatus  blended  with  the  sweat 
glands  forms  cerumen.  On  the  skin  of  a new  born  child  there  is  a sebaceous 
secretion  called  vernix  caseosa.  This  sebum  physiologically  furnishes  a protec- 
tion to  the  hair  and  the  epidermis.  It  provides  lubrication  to  the  skin  and  also 
to  the  hair,  preventing  the  hair  from  becoming  hard  and  brittle.  In  addition 
it  furnishes  a protection  against  the  rapid  loss  of  heat  from  the  animal  body  by 
evaporation,  maintaining  normally  the  epidermal  character  of  the  skin. 


SWEAT  GLANDS. 

Sweat  is  a secretion  in  connection  with  the  swe^t  p-lands-of  the  outer  sur- 
faces of  the  body.  These  glands  are  found  over  all  the  external  surface,  par- 
ticularly in  the  palms  of  the  hands  and  the  soles  of  the  feet.  They  are  esti- 
mated to  number  between  two  and  three  million  glands  over  all  the  body.  In 
the  human  subject  they  are  small  tubular  glands,  the  end  parts  of  which  con- 
tain the  secretory  cells,  these  cells  being  knotted  upon  one  another  to  enlarge 
the  surface  of  the  sweat  glands.  In  the  large  ducts  we  find  a coating  of  mus- 
cles that  plays  an  important  part  in  the  excretion  of  the  sweat  from  the  gland. 
In  the  secretory  part  the  cells  are  columnar  in  type,  consisting  of  a cytoplasm 
that  is  granular.  The  secretion  varies  with  changes  .of  temperature  and  also 
with  the  mental  and  physical  conditions  r>t  the  snhiect^  in  tile  average  subject 
the  normal  secretion  varies  from  700'to  900  grams  daily.  It  is  difficult  to  de- 
termine the  composition  of  the  sweat  secretion  as  it  is  mixed  with  the  secretion 
of  the  sebaceous  glands.  It  is  a very  limpid  secretion  varying  from  1 ,003  to 
1 00s  specific  gravity  with  an  alkaline  reaction.  The  first  secretion  of  the 
sweat  is  normally  acid  as  it  is  mixed  with  the  sebaceous  secretion.  It  contains 
in  addition  to  water,  sodium  chloride,  alkaline  sulphates  and  phosphates,  ur  , 
uric  acid,  kreatinin,  and  albumin  with  some  of  the  oxy-acids  and  ethereal  - 
pliates  if  the  sweating  is  very  profuse.  If  the  kidneys  are  deranged  there  is 


EPIDERMAL  GLAND  SECRETIONS. 


255 


usually  a large  proportion  of  urea  in  the  sweatt_thp  crystals  being  found  clear- 
Jy  in  the  deposits.  The  sweatnerves  are  believed  to  be  in  the  human  subject 
secretory  fibers,  the  secretion  being  the  direct  result  of  the  nervous  action  upon 
the  sweat  gland  cells.  The  terminal  fibers  are  brought  into  close  contact  with 
these  epithelial  cells  so  that  as  the  result  of  stimulation  of  various  kinds  the 
production  of  sweat  may  take  place.  An  increased  external  temperature  af- 
fects the  sweat  glands  through  the  nervous  system,  the  temperature  affecting 
the  sensory  cutaneous  nerves  and  reflexly  producing  stimulation  of  the  fibers 
of  the  sweat  glands.  It  is  not  known  where  these  sweat  gland  centers  are,  al- 
though the  great  center  is  supposed  to  be  located  in  the  medulla.  The  sweat 
nerves  were  first  discovered  by  Goltz,  in  connection  with  the  cat.  The  sweat 
glands  in  the  cat  are  found  in  the  pads  of  the  feet  and  it  is  easy  to  show  the 
existence  of  sweat  fibers.  If  the  sciatic  nerve  is  strongly  stimulated  at  the 
peripheral  end  there  may  be  produced  sweat  upon  the  pads  of  the  feet.  If 
stimulation  is  applied  nearer  the  peripheral  end  then  the  same  result  may  be 
produced.  This  secretion  is  characteristically  limpid  with  an  alkaline  reaction. 

Langley  has  worked  out  these  secretory  sweat  fibers  in  the  cat.  In  the 
case  of  the  hind  feet  they  leave  the  spinal  cord  in  the  12th  thoracic,  1st,  2nd, 
and  3rd  lumbar  nerves,  join  the  sympathetics,  leaving  it  as  non-medullated  fi- 
bers in  the  rami  communicantes  from  the  6th  lumbar  to  the  2nd  sacral  ganglia 
and  then  unite  with  the  sciatic  plexus.  In  the  case  of  the  front  feet  he  found 
the  nerves  passing  from  the  spinal  cord  in  the  4th  to  the  10th  dorsal  nerves, 
passing  thence  to  the  sympathetics  and  to  the  stellatum  ganglion,  from  whence 
they  pass  as  non-medullated  fibers  to  communicate  with  the  brachial  plexus. 
These  nerves  seem  to  act  directly  and  not  indirectly  through  the  blood.  Even 
after  the  blood  flow  has  been  cut  off  from  the  leg,  the  stimulation  of  the  sciatic 
still  produces  the  sweat  secretion.  This  is  found  in  the  human  su b j ec t when 
the  palor  of  the  countenance  accompanies  profuse  sweating,  the  fevered  condi- 
tion of  the  skin  accompanying  the  absence  of  sweat.  These  experiments  seem 
to  indicate  that  the  sweat  fibers  are  real  secretory  nerves  directly  acting  upon 
the  gland  cells  and  producing  the  sweat  secretion.  This  is  confirmed  by  the 
histological  facts  that  give  evidence  of  direct  nerves  to  the  glands,  the  fibers 
ending  in  the  cells.  These  sweat  fibers  may  be  excited  in  many  ways  as  by 
heat  and  muscular  exercise.  In  the  case  of  heat  there  is  a direct  action  upon 
the  nerve  fibers.  If  the  nerves  going  to  the  leg  be  cut  and  exposure  is  made 
tomteuse  heat  there  is  no  result  produced  in  regard  to  the  secretion  of  sweat. 

e heat  seems  to  act  on  the  sensory  heat  nerves,  producing  the  stimulation 
reflexly.  The  same  effect  is  noticeable  in  connection  with  pilocarpin  which 
stimulates  the  nerve  fibers  producing  secretion,  while  atropiu  paralyzes 
the  fibers  and  prevents  secretion.  There  must  be,  therefore,  some  center 
or  centers  in  the  central  nervous  system  through  which  sweat  regulation  takes 
P Xt  ,has  been  taken  for  granted  that  there  is  great  sweat  center  in  the 

medulla  which  forms  the  basis  of  the  sweat  activity.  This  seems  to  be  nega- 
tived by  the  fact  that  when  the  medulla  is  divided  from  the  spinal  cord  the 
action  of  certain  stimuli  still  produces  the  sweat  secretion.  This  has  led  to  the 
opinion  of  some  that  ther  are  sweat  centers  in  the  spinal  cord  but  nothing  def-' 
inite  has  been  formidated  upon  this  subject.  Thus  we  find  that  the  sweat  is- 
,™ls ,.e  y the  sebaceous  and  the  sweat  glands,  the  sweat  secretion 

in  ?v,ndmK  Up°n  cJlarfcter  of  these  two  secretions.  There  is  little  variation 
lm!ri,'mbaCeflUS  gland  j’  hence  when  the  sweat  is  profuse  the  sebaceous  glands 
a?d  W !ere  Jt  1S  scarce  then  the  sebaceous  glands  have  con- 
asdthe  ? UPf°"  1 H,ence-  normally  the  sweat  glands  may  be  considered 

as  the  sweat  secreting  glands.  There  is  a slight  fluid  transudation  in  connec- 
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tion  with  the  skin  and  it  is  small  as  compared  with  the  fluid  gland  secretion  be- 
cause it  is  greatest  where  these  glands  are  most  abundant.  The  sebaceous 
glands  do  not  vary  much  in  their  secretion  so  that  the  sweat  glands  are  left  to 
do  the  most  of  the  work.  There  is  a close  connection  between  sweat  secretion 
and  the  blood  supply. 

In  the  horse  in  which  the  cervical  sympathetic  was  divided  there  was  found 
an  increased  blood  supply  on  the  side  divided  and  also  increased  sweating.  In 
the  case  of  the  cutaneous  vessels  if  constricted  the  secretion  is  lessened,  if  di- 
lated the  secretion  is  increased.  It  is  this  that  aids  in  regulating  animal  heat 
If  the  atmosphere  is  hot  there  is  a dilatation  of  the  cutaneous,  vessels  an  in- 
creased perspiration  and  a greater  Iocs  of  heat  by  evaporation  which  helps  to 
cool  the  body.  If  the  surrounding  air  is  cold  the  cutaneous  vessels  are  con- 
stricted, sweat  is  scarce  and  there  is  much  less  evaporation  resulting  in  the  loss 
of  heat.  As  we  have  seen  this  is  controlled  by  the  secretory  sweat  fibers.  The 
profuse  perspiration  resulting  in  the  case  of  the  death  agony  and  in  the  case  of 
mental  excitement  as  well  as  the  anaemic  sweats  results  from  direct  nervous 
action. 

THE  MAMMARY  GLANDS. 

TheSe  glands  are  like  the  sweat  glands.  They  are  compound  glands  with 
acinous  structure  consisting  of  small  divisions  of  cells  richly  stored  with  albu- 
min and  fat.  The  mammary  glands  are  formed  like  the  sweat  glands  by  a 
growth  inwards  of  the  Malpighian  bodies  of  the  epidermis.  They  consist  of 
ducts  that  branch  off  terminating  in  the  secretory  cells.  The  cells  differ  as 
they  are  active  during  the  condition  of  pregnancy  or  inactive  in  other  condi- 
tions. In  the  active  glands  the  cell  censists  of  a basement  membrane  lined  by  a 
single  layer  of  epithelial  cells.  These  cells  differ  at  different  periods  and  even 
at  the  same  period.  When  the  cell  is  empty  of  the  substance  it  iscuboidal.  the 
cell  consisting  chiefly  of  a cavity.  The  cell  consists  of  granular  cell  substance 
with  a nucleus.  When  filled  the  gland  presents  columnar  cells  jutting  out  ir- 
regularly into  the  cavity  and  reducing  the  size  of  the  cavity.  Instead  of  a 
single  nucleus  there  are  usually  two  or  three  nuclei,  nearer  to  the  base  being 
one  and  the  others  nearer  to  the  margin.  At  times  the  marginal  part  of  the 
cell  seems  separated  from  the  base  and  at  these  times  parts  of  the  cell  may  be 
found  in  the  cell  cavity,  within  the  cell  are  found  oil  droplets  and  granules, 
some  iu  the  substance  and  others  projecting  from  the  cavity.  In  passing  to 
the  empty  condition  the  cells  change  considerably  in  size  and  shape.  In  the 
case  of  the  resting  gland  where  the  animal  has  never  borne  any  offspring  the 
cells  are  much  smaller  in  size  being  a solid  cylindrical  mass.  They  grow  very 

slowly  and  the  metabolic  processes  send  out  substances  into  the  blood. 
When  pregnancy  occurs  the  cells  grow  rapidly,  new  cells  being  developed. 
When  the  birth  of  the  offspring  approaches  the  fatty  cells  break  off  from  the 
colostral  fluid,  the  broken  cells  being  the  colostral  corpuscles.  The  cells  ot 
which  they  are  composed  consist  of  single  epithelial  layers.  The\  are  said  to 
have  originated  from  primitive  skin  glands  without  any  mamma,  these  smaller 
primitive  glands  being  united  together  to  form  larger  ones,  an  opening  arising 
in  the  skin  localized  in  the  nipple.  In  the  human  subject  they  are  normally 
two  iu  number  and  are  localized  in  the  thoracic  area.  The  mammarv  ducts 
are  not  united  into  a single  duct  but  are  grouped  together  as  separate  glands 
representing  1 5 or  20  separate  glands  with  openings  centered  in  the  nipple. 
These  granular  cells  are  imperfectly  formed  unless  during  pregnancy  when  the 
cells  multiply  by  a kind  of  cell  genesis,  during  the  period  of  lactation  provid- 
ing for  an  accumulation  of  the  milk.  The  fluid  secretion  consists  of  a plasma, 
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and  a great  number  of  globules  which  float  in  the  plasma.  These  globlets  con- 
sist of  the  milk  fat,  especially  the  neutral  fats,  olein,  palmitin  and  stearin  to- 
gether with  traces  of  the  fatty  acids,  lecithin,  cholesterin  and  the  milk  pig- 
ment. The  milk  plasma  consists  of  water  holding  in  solution  proteids,  carbo- 
hydrates and  salts.  Among  the  proteid  we  find  casein,  lacto-albumin  and  lac- 
to-globulin  in  much  smaller  quantities.  The  principal  carbohydrate  is  the  lac- 
tose. A nucleo-proteid  is  also  found  the  nucleo-glyco-proteid.  Traces  of  urea 
and  kreatin  are  also  found  in  the  plasma  together  with  citrate  of  calcium,  lec- 
ithin and  cholesterin.'.  This  secretion  takes  place  in  connection  with  the  epi- 
thelial cells  as  there  are  matters  found  in  connection  with  the  milk  not  found 
in  the  blood  or  lymph.  During  the  resting  condition  the  gland  manifests  in  its 
vesicles  a condition  in  which  flattened  or  cuboidal  cells  appear  with  a single  nu- 
cleus and  with  a few  fat  granules.  After  the  lactation  commences  these  cells 
enlarge  the  nucleus  divides  and  each  cell  is  found  with  two  nuclei.  The  fatty 
matter  and  the  granules  pass  through  a process  of  change,  the  cell  itself  being 
elongated  and  these  being  discharged  from  the  cell  end,  the  discharge  and  the 
disintegrated  part  of  the  cell  being  passed  into  the  secretion.  Part  of  this 
forms  the  fat  globules  in  the  milk  and  part  of  it  forms  the  constituent  elements 
of  the  secretory  fluid.  Sometimes  only  a part  of  the  cell  becomes  disintegrated. 
Sometimes  the  entire  cell  is  dissolved.  When  the  entire  cell  is  dissolved  the 
place  is  supplied  by  the  process  of  karyokinesis.  In  the  first  milk  secreted 
there  are  found  peculiar  colostral  granules.  Heidenhain  acconnts  for  these  by 
certain  rounded  epithelial  cells  which  in  the  process  of  development  develop  fat 
cells  that  are  thrown  into  the  gland.  Others  regard  them  as  due  to  the  disso- 
lution of  cells  of  connective  tissue  which  degenerate  and  are  discharged  in  the 
gland  during  its  earliest  stages  of  activity.  The  milk  secretion  varies  from 
1,028  to  1,035  in  its  specific  gravity  and  if  quite  fresh  is  alkaline  in  its  reac- 
tion. As  soon  as  it  ceases  to  be  fresh  it  becomes  acid.  In  milk  we  find  va- 
rious substances. 

i*  ?R°TEIDS-  The  chief  proteids  are  casein  and  lacto-albumin 

Under  the  influence  of  rennin  the  casein  becomes  curdled  and  insoluble.  I*f 
milk  is  mixed  with  neutral  salts  or  diluted  with  acetic  acid  and  then  a 
stieam  of  carbonic  acid  passed  through  it,  precipitation  takes  place,  the 
lacto-albumm  being  discovered  by  means  of  heating.  In  the  process  of 
curdling  casein  is  divided  up  into  tyrein  and  an  albumose  called  lacto-protein 
ihe  lacto-a  bumm  does  not  coaguJate  in  the  natural  milk  being  hindered 
by  the  alkaline  character  of  the  milk. 

l2'J  ■ ,Fa,T?‘  \n  addlti(?n  to  olein-  palmitin  and  stearin  we  find  other 
tats  furnished  by  the  combination  of  butyric  acid  and  glycerine  There  is 
great  variation  in  the  kind  of  fats  present  in  milk.  The  milk  represents  fat 
in  an  emulsified  condition.  ^ 

Lactose.  This  represerits  the  milk  sugar  which  under  the  influ- 
ence of  a ferment  may  become  lactic  acid. 

um  rMnriiUc LT^ j rhe  ch.Ief  sa|ts  ar,c  lime  Phosphates,  potassium  and  sodi- 
mon  and  stdnhn  mWes,uJ"  Phosphates.  There  are  also  small  traces  of 
ron  and  su  pho-cyamde.  The  milk  secretion  at  the  commencement  of  lac- 

Uw^uSmbe^fCO  ?StrtUIV'  11  fl‘°m  n°rmal  milk  in  containing  a 

c?lg!  e b of  cojostral  corpuseles  very  much  like  the  leucocytes  some  of 

being  regularly  formed  cells  and  others  disintegrated  parts  of  cells 

tn^  f°hf  Wh-'Ch  iarC  C^araCtenzed  by  amoeboid  movements.  In  the  colos- 
“erTe  ‘Ji?  !?  a arge  P.roPortio"  of  globulin  as  well  as  a quantity  of  al- 
bumin. In  the  disintegration  of  the  alveoli  we  find  the  colostral  granules 
The  mammary  glands  are  found  in  the  male  and  female  at  birth  about  the 
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same  condition.  After  birth  the  glands  become  active  and  discharge  a 
milky  fluid  after  which  they  remain  dormant  in  the  female  till  puberty  when 
they  begin  to  develop,  while  in  the  male  they  remain  dormant  except  in  ab- 
normal conditions.  Thus,  the  mammary  secretion  while  in  common  with  other 
glands  possessing  certain  characteristics  of  gland  activity  have  certain  pecu- 
liar features.  In  the  case  of  the  mammary  gland  the  activity  is  more  def- 
inite. As  the  empty  cells  become  filled,  or  refilled  with  secretion  the  cells 
grow.  The  substance  of  the  cells  increases  in  size  and  by  becoming  longer 
it  is  thrust  out  into  the  cell  cavity.  The  nucleus  divides  and  the  new  nuclei 
become  imbedded  in  the  cell  substanre.  While  the  cell  substance  actually 
deposits  within  it  the  elements  of  the  milk  secretion.  Following  this  there 
is  an  excretion  of  the  secretion.  The  fat  globules  are  first  ejected  from  the 
cell  substance  and  then  the  cell  division  takes  place,  the  parts  of  the  cell 
and  the  nuclei  separating  and  lying  in  the  cavity  of  the  cells  where  they 
pass  through  certain  changes.  Thus  the  elements  consist  of  the  cell  sub- 
stance in  part  and  in  part  of  the  elements  secreted  in  the  cell  substance. 
Thus  the  nuclein  of  milk  probably  arises  from  the  broken  up  nuclei.  In 
this  case  the  secretion  is  a manifestation  of  cell  activity.  It  is  from  the 
blood  that  the  elements  are  extracted  but  the  changes  take  place  in  the  cell 
itself.  The  formation  of  fat  takes  place  in  the  alveoli,  this  formation  tak- 
ing place  even  from  proteids  when  insufficient  fat  may  be  present  in  the 
food,  the  cell  making  this  transformation  and  not  simply  collecting  it  from 
the  blood.  Similarly  the  casein  is  formed  in  the  cell  as  it  cannot  be  gath- 
ered from  the  blood.  Even  the  albumin  is  different  from  the  serum-albu- 
min of  blood  being  the  lacto-albumin,  The  lactose,  or  milk  sugar,  is  also 
formed  in  the  cell  as  it  is  not  found  anywhere  else  in  the  body.  Some  think 
that  the  glycogen  like  body  found  in  the  cells  is  the  preliminary  substance 
in  the  formation  of  lactose.  The  gland  is  active,  therefore,  in  the  secretion 
of  the  mammary  fluid.  It  is  supposed  that  mammary  secretion  is  under  the 
control  of  the  nervous  system.  It  has  been  found  that  strong  psychic  in- 
fluences such  as  emotions  have  destroyed  or  suspended  the  milk  secretion 
although  this  is  disputed  by  some.  The  external  spermatic  by  some  of  its 
branches  furnishes  vaso-motor  fibers  to  The  glandular  blood  vessels,  indi- 
rectly influencing  the  milk  secretion  by  the  influence  exerted  upon  the 
blood  flow  in  the  gland.  The  division  of  the  inferior  branch  has  been  found 
to  increase  the  secretion  while  stimulation  results  in  the  diminution  of  the 
secretion.  It  has  been  found  that  the  stimulation  of  the  sensory  fibers  :n 
the  case  of  goats  lessens  the  milk  secretion.  If  the  mammary  glands  are 
severed  from  all  connection  with  the  central  nervous  system,  then  the 
stimulation  of  any  of  the  afferent  fibers  has  no  effect  upon  the  secretion.  If 
the  external  spermatic  is  divided  on  the  two  sides  then  the  secretion  is  les- 
sened, whereas,  if  it  is  divided  on  one  side  only,  there  is  no  change  in  the 
secretion.  In  these  cases  the  diminution  does  not  take  place  at  once  but 
comes  on  gradually.  Even  after  the  extrinsic  nerves  are  entirely  cut  off 
the  secretion  continues  to  take  place  and  the  gland  becomes  enlarged  as 
usual  with  lessened  secretion.  The  mammary  gland,,  therefore,  must  be  sub- 
ject to  the  control  of  the  central  nervous  system,  but  whether  this  takes 
place  through  the  vaso-motor  fibers  or  through  secretory  fibers  cannot  be 
settled.  It  seems  to  be  automatic  in  action,  the  relation  between  the  mam- 
mary glands  and  the  uterus  depending  upon  the  blood  rather  than  upon  the 
nervous  connection.  Recent  experiments  indicate  the  close  connection  o 
the  cells  with  the  secretory  fibers  but  whether  this  will  be  confirmed  is  a 
matter  as  yet  unsettled.  The  secretory  cells  are  not  formed  until  after  the 
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first  pregnancy  the  secretion  beginning  only  after  parturition,  although  the 
cells  increase  in  number  during  pregnancy.  1 he  first  secretion  is  that  of 
colostral  fluid  differing  from  the  milk  in  the  character  of  the  cells  which 
have  wandered  about  and  have  passed  through  a stage  of  decomposition. 
After  a few  days  the  colostrum  gives  place  to  milk  which  is  secreted  in  the 
cells  and  collected  in  the  galactophoric  duct,  the  secretion  continuing  until 
the  duct  is  filled  when  the  formation  of  the  secretion  is  inhibited.  As  soon 
as  the  ducts  are  emptied  a new  secretion  begins.  Ihis  process  of  emptying 
forms  the  stimulation  necessary  to  the  secretion  in  the  cells.  As  soon  as 
this  stimulation  ceases  to  act  the  secretion  itself  ceases. 

SECTION  VIII.  The  Ductless  Glands. 

The  internal. secretions  are  formed  within  the  gland,  and  are  passed  from 
the  gland,  either  into  the  blood  or  the  lymph.  In  every  activetissue  in  connec- 
tion with  its  metabolism  there  is  a waste  which  is  carried  into  the  blood  and 
the  lymph.  The  internal  secretions,  however,  refer  to  those  secretions  which 
take  place  in  definite  glandular  organs  which  are  used  either  by  the  organs  or 
for  the  metabolism  of  the  entire  body.  This  was  first  discussed  in  connection 
with  the  testis  and  pancreas.  These  secretions  are  found  in  connection  with 
what  have  been  called  the  ductless  glands.  As  yet  our  knowledge  of  these 
glands  ond  their  secretions  is  very  incomplete.  In  connection  with  the  liver 
there  is  a substance  formed  in  connection  with  the  hepatic  cells  which  passes 
into  the  blood  that  falls  under  this  head,  namely,  urea.  It  is  the  principal 
nitrogenous  waste  of  the  proteid  metabolism.  It  passes  off  from  the  body 
through  the  kidneys,  but  it  is  not  formed  in  these  glands.  It  seems  to  be  formed 
in  the  liver  in  connection  with  certain  substances  that  arise  out  of  the  proteid 
metabolism,  these  substances  being  carried  to  the  liver  where  urea  is  formed. 
The  urea  is  secreted  in  the  liver  and  from  thence  it  is  given  off  to  the  blood. 
The  hepatic  cells  perform  this  metabolism  for  the  entire  organism,  the  liver 
seems  to  assist  in  the  utilization  of  the  iron  arising  in  connection  with  disinte- 
grated corpuscles.  There  is  also  formed  in  connection  with  the  liver  cell  gly- 
cogen in  connection  with  the  sugars  and  proteids  brought  to  the  liver  by  the 
protal  circulation.  This  stored  up  substance  is  eliminated  Jay-  in  connection 
wdth  general  metabolism,  in  connection  with  which  we  wall  discuss  it. 

In  connection  with  the  pancreas  it  has  been  found  that  there  is  also  an  in- 
ternal secretion.  The  pancreas  has  been  removed  without  any  immediate  fa- 
tal results.  After  the  removal  of  the  pancreas  it  was  found  that  the  urine  pos- 
sessed in  large  excess  of  saccharine  matter.  Iu  this  case  it  has  been  found  that 
this  condition  of  glycosuria  follows  even  when  the  carbohydrates  are  taken  out 
of  the  food.  The  urine  increases  in  quantity  accompanied  by  a thirsty  condi- 
tion. If  these  conditions  continue  the  animal  becomes  weakened  and  emaci- 
ated death  ensuing  in  two  or  three  weeks.  Experiments  have  been  made  iu 
animals  which  seem  to  prove  that  the  partial  removal  of  the  pancreas  prevents 
the  accumulation  of  sugar  in  the  urine;  1-4  or  1-5  of  the  pancreas  bffng 
sufficient  to  prevent  this  accumulation  of  sugar  in  the  urine.  From  this  it  is 
concluded  that  there  is  a secretion  in  the  pancreas  which  either  consumes  the 
sugar,  that  is  produced  in  the  organs  of  the  body,  or  else  prevents  the  sugar 
from  being  eliminated  from  the  liver  and  the  body  tissues.  It  is  claimed  that 
recent  experiments  prove  that  in  cases  of  diabetes  there  is  post  mortem  proof 
of  this  disease  being  connected  with  certain  variations  iu  the  pancreas. 

The  thyroid  bodies  are  glands  found  in  the  human  subject  joined  together 
in  front  of  the  trachea  by  a narrow  baud.  It  is  a double  lobed  sacculum,  the 
two  lobes  being  united  together  without  any  duct.  These  consist  of  masses  of 
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alveoli  connected  together  in  connective  tissues  which  send  septa  into  the  in- 
terior, separating  the  alveoli  from  one  another  by  oval  spaces.  In  connection 
with  these  septa  we  find  numerous  blood  vessels  springing  from  the  superior 
and  inferior  thyroid  arteries  whose  branches  surround  the  alveoli  in  networks 
of  capillaries.  From  these  the  veins  collect  the  blood,  forming  plexuses  in 
the  organ  surface  ending  in  the  inferior  and  middle  thyroid  veins.  Around 
these  septa  we  find  also  a large  number  of  lymphatic  vessels  arranged  in  plex- 
uses, the  nervous  connection  springs  chiefly  from  the  cervical  sympathetics, 
from  the  middle  and  lower  cervical  ganglia.  They  consist  of  a large  number 
of  closed  cells  of  varying  sizes,  each  cell  being  covered  with  epithelium  and 
filled  with  a slimy  fluid,  this  fluid  is  a gluish  liquid  called  colloid,  the  secretion 
of  the  cells  of  the  thyroid,  first  secreted  in  the  cells  then  thrown  out  into  the 
cavity  of  the  bodv.  It  is  believed  by  some  that  this  fluid  is  finally  discharged 
into  the  lymphatic  system.  This  colloid  is  a somewhat  gliary  and  solid  sub- 
stance, this  glairy  fluid  consisting  of  mucin,  although  some  think  it  is  not 
pure  mucin.  In  addition  to  this  the  alveoli  contain  serum  albumin  and  globu- 
lin. The  thyroid  extractives  are  found  to  contain  kreatin,  xanthiu  and  lactic 
acid.  From  the  presence  of  the  mucin  it  has  been  suggested  that  the  thyroids 
have  something  to  do  with  the  formation  and  distribution  of  mucin.  In  some 
animals  there  are  found  accessory  thyroids  found  in  different  parts  of  the  up- 
per portion  of  the  body  which  in  case  of  the  removal  of  the  the  thyroids,  dis- 
charge the  functions  of  the  thyroid  bodies.  If  the  thyroids  are  much  enlarged 
we  find  a goitre  condition  and  also  the  cretinous  condition  which  is  as;  o dated 
with  a form  of  idiocy.  The  extirpation  of  the  thyroids  in  animals  is  attended 
with  fatal  results,  death  being  preceeded  by  muscular  twitchings  which  some- 
times pass  into  spasms  and  also  by  a condition  of  malnutrition  almost  amount- 
ing to  emaciation,  These  muscular  conditions  depend  upon  the  nervous  sys- 
tem as  the  division  of  the  motor  nerves  frees  the  muscles  from  such  action. 

It  is  supposed  that  this  nervous  action  arises  from  the  changes  in  the 
brain  and  spinal  cord  . In  the  lower  animals  fatal  results  have  not  always  fol- 
lowed thyroidectomy,  perhaps  chiefly  because  of  the  existence  of  accessory 
thyroids,  which  on  the  removal  of  the  thyroid,  tah;e  their  place.  \\  here  the 
thyroids  are  removed  the  red  corpuscles  are  diminished  in  uumder  and  the 
white  increase  very  much,  salivary  glands  are  enlarged,  the  parotid  gland  se- 
creting mucin  and  blood.  Where  fatal  results  follow,  they  are  more  rapid  in 
the  case  of  young  than  in  older  animals.  In  the  human  subject  the  fatal  re- 
sults are  much  slower  in  appearing,  being  accompanied  by  anemic  conditions, 
muscular  debility,  loss  of  mental  capacity,  and  characteristic  subcutaneous 
swelling.  If  a small  part  of  the  thyroids  is  left  then  the  fatal  results  do  not 
follow,  in  the  lower  animals  it  is  claimed  that  fatal  results  may  be  ob\  iated 

by  the  grafting  of  a part  of  the  gland  in  some  position  under  the  skin  or  in 
some  other  portion  of  the  body  easy  of  access  to  the  blood.  According  to 
Horsley  there  are  three  stages  following  the  removal  of  the  thyroids,  (i)  Ihe 
neurotic  period  during  which  muscle  twitchings  and  nervous  excitement  are 
qr^Tipanied  hv  a dvtphT^ic  rendition.  (2)  The  mucin  period  during  which 
my x< edema  is  developed,  mucin  being  deposited  in  the  tissues  and  kd-  the 
atrophic  stage  during  which. -the  muscles  become  atrophied.  ihe  th\  roi  s, 
therefore,  have  an  important  function  in  connection  with  the  body  metabolism. 
According  to  some  their  function  is  to  absorb  and  take  out  of  the  blood  cer- 
tain noxious  substances  which  would  interfere  with  the  metabolic  processes. 
The  removal  of  these  bodies  produces  a condition,  it  is  said,  of  auto-toxication, 
these  toxic  substances  accumulating  in  the  blood.  In  proof  of  this  it  is  claimed 
that  the  blood  and  urine  of  animals  from  which  the  thyroids  are  removed  has 
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a peculiar  toxic  influence,  if  injected  into  other  animals.  These  results  are  de- 
nied by  some  physiologists.  If  the  thyroids  become  enlarged  we  find  the  ex- 
ophthalmic goitre  with  protruding  eyeballs.  2.  According  to  others,  the  thy- 
roids secrete  a fluid  which  is  a true  internal  secretion  and  when  discharged  ex- 
ercises a potent  influence  upon  metabolism,  especially  the  metabolism  of  the 
nervous  system.  In  proof  of  this  it  is  claimed  that  to  inject  thyroidal  extracts 
produces  good  results.  This  substance  formed  in  the  gland  reaches  the  blood 
through  the  lymbhatic  system  after  it  has  been  secreted  within  the  cells  of  the 
gland.  This  last  fact  proves  that  there  is  a true  internal  secretion,  and  if  this 
is  so,  then  it  must  have  an  important  bearing  of  some  kind  upon  metabolism. 
Some  have  been  successful  in  extracting  from  the  gland  a substance  called 
thyroidin  which  is  found  to  contain  a large  quantity  of  iodine,  often  as  much 
as  ten  per  cent  of  the  dry  substance  and  which  is  found  to  have  good  results  in 
cases  of  goitre  and  myxcedema.  This  proves  that  the  thyroid  produces  an 
iodine  compound  and  it  has  been  found  that  this  compound  consists  of  a com- 
bination with  proteids.  Recent  experiments  have  indicated  the  presence  of  a 
number  of  such  compounds  all  of  which  are  found  to  be  valuable  in  the  body 
metabolism.  The  larger  part  seems  combined  with  thyroid  albumin,  the 
smaller  part  being  combined  with  a thyroid-globulin.  These  substances  when 
given  to  animals  upon  whom  thyroid-ectomy  has  been  performed  have  good 
results. 

The  suprarenal  capsules  or  adrenal  bodies  form  another  of  these  ductless 
glands.  Surrounding  the  bodies  are  the  connective  tissue  capsules,  septa  pass- 
ing inward  from  the  capsule  forming  a frame-work  of  cells  of  different  struct- 
ure-  The  substance  of  the  cells  is  of  a yellowish  color,  sometimes  containing 
yellow  oil  globlets  with  a distinctly  marked  round  nucleus.  In  the  cortical 
part  the  cells  are  of  different  kinds,  some  columnar.  In  the  medullary  part  the 
cells  are  different,  the  substances  of  the  cells  being  clear  and  transparent  and 
distinguished  from  the  cortical  part  by  the  abundance  of  blood  vessels  and 
nerves.  The  nerves  are  chiefly  medulated  nerve  fibers  from  the  solar  and  renal 
plexuses,  the  phrenics  and  vagi  nerves  entering  suprarenal  body  and  formin°- 
plexuses'  the  fibers  ending  in  the  CQrtical  and  the  medullary  parts.  The  sub&- 
stances  found  in  the  suprarenals  consist  of  proteids  and  also  some  substances 
containing  peculiar  color  reactions.  The  histological  character  of  the  cells 
suggests  that  certain  processes  take  place  in  the  cells  in  connection  with  the 
pigment  metabolism  of  the  body.  As  the  nerve  connection  is  very  complete 
there  seems  to  be  a close  connection  with  the  nervous  system.  The  complete 
extirpation  of  these  bodies  is  followed  by  death,  the  fatal  effect  resulting  more 
quickly  than  in  the  case  of  the  removal  of  the  thyroids.  Following  the  removal 
we  find  muscular  and  mental  exhaustion  and  a marked  blood  depression. 

I hese  results  correspond  with  the  conditions  in  connection  with  Addison’s  dis- 
ease m which  case  there  is  a suprarenal  disturbance.  Addison  first  noticed 
that  diseased  conditions  of  the  suprarenals  involved  a bronzing  of  the  skin  ac- 
companied by  giddiness,  vomiting  and  dyspnea.  In  cases  of  Addison’s  disease 
it  has  been  found  that  adrenal  extracts  have  a good  effect.  It  has  been 
c aimed  that  death  results  from  the  removal  of  the  suprarenals  on  account  of 
the  presence  m the  body  of  a toxic  substance  it  produces  auto-toxication. 
O iers  have  claimed  that  the  suprarenals  discharge  an  important  function  in 
connection  with  the  muscles  secreting  a secretion  that  has  a very  definite  action 
upon  the  muscular  system.  Solutions  of  the  medullary  part  of  the  gland  have 
been  found  to  exert  an  influence  upon  the  muscles  of  the  hean,  the  blood  ves- 
• e s and  the  skeletal  muscles.  In  the  case  of  the  heart  it  was  found  that  on 
the  division  of  the  pneumogastrics  the  heart's  action  became  stronger,  whereas, 
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muscular  contraction  became  more  protracted,  the  blood  pressure  being  greatly 
increased.  From  this  it  is  concluded  that  the  secretion  of  the  suprarenals  is 
constantly  of  value  to  the  muscles  aud  other  tissues  of  the  body  acting  as  a 
stimulant. 

In  regard  to  the  pituitary  body  it  is  claimed  that  fatal  results  follow  its 
complete  extirpation  and  that  it  follows  the  same  course  as  death  from  thyroid 
ectomy  indicating  that  they  perform  the  same  function  or  similar  functions  in 
the  body  metabolism. 

In  connection  with  the  reproductive  glands  Brown-Sequard  has  made  a 
number  of  experiments.  Fresh  testine  injected  into  the  blood  has  a remark- 
able tonic  influence  on  the  nervous  system,  especially  in  connection  with  the 
spinal  centers,  in  cases  of  neurasthenia  and  general  debility.  This  is  said  to 
be  due  to  the  presence  of  a substance  in  the  secretion  which  passes  into  the 
blood.  A.  substance  called  spermiu  extracted  from  the  secretion  by  Brown- 
Sequard  has  been  found  to  materially  assist  the  metabolic  processes,  not  only 
having  a tonic  influence,  but  also  diminishing  body  aud  mental  fatigue  and  in- 
creasing the  efficiency  of  the  neuro-muscular  mechanism  of  the  body,  prevent- 
ing muscular  and  nervous  exhaustion  and  also  diminishing  the  sensations  as- 
sociated with  exhaustion. 

The^spleen  is  an_organ  whose  functions  as  yet  are  not  distinctly  under- 
§tood-— Tfie  spleen  may  be  removed  without  any  fatal  results,  the  noticable  ef- 
fects  being  that  after  its  removal  there  is  an  enlargement  of  the  lymphatic 
glands  and  an  increase  in  the  bone  marrow7  together  with  an  increase  in  the 
activity  of  the  medulla.  It  lias  been  found  that  one  result  of  the  removal  of 
the  splegipis  the  decrease  in  the  number  of  the  red  corpuscles  aud  the  amount 
of<he  haemoglobin.  From “ flTFriT  haiTbeen  mtered  that  the  spleen  has  some  - 
thing~to~3o  in  "the" formation  of  the  red  corpuscles.  The  chief  known  facts 
about  the  spleen  are  in  regard  to  its  movements  the  spleen  is  known  to  m=— 
crease  in  size  during  digestion  attaining  its  maximum  about  live  hours  after  a 
meat!  remaining  tor  a time  enlarged  and  afterwards  returning  to  its  normal 
posjt  [oil. '’’This  is  possibly  due  to  the  action  oTVaso-dilator  fibers  and  the  re- 
laxation of  muscular  contractions  in  connection  with  the  capsule  and  trabe- 
culae; the  relaxation  of  tonic  contractions  beiug  the  most  important  factor. 
By  the  use  of  the  plethysmograph,  a spleen  curve  can  be  made.  The  varia- 
tions in  the  volume  corresponding  with  the  respiratory  movements.  This 
enlargement  is  noticable  in  pyrexia  accompanying  fevers,  especially  ague, 
in  some  cases  the  enlargement  becoming  permanent. 

The  spleen  also  manifests  slow7  rhythmic  contractions  aud  expansions  and 
alterations  in'  size,  corresponding  with  the  variations  of  blood  pressure  and 
coincident  with  the  respiratory  movements.  These  alterations  are  determined 
by  the  contractions  and  relaxations  of  the  muscular  fibers  of  the  spleen,  and 
also  the  change  in  calibre  of  the  arteries,  both  of  these  changes  being  regulated 
by  the  nervous  system.  The  expansion  of  the  spleen  does  not  take  place  ac- 
cording to  the  blood  pressure  for  there  is  a resistance  on  the  part  of  the  mus- 
cles which  retards  expansion.  The  spleen  is  a muscular  organ  expanding  to 
receive  a large  volume  of  blood  and  contracting  to  send  it  on  to  the  liver.  In 
the  spleen  there  is  a special  local  circulation,  the  spleen  being  abundantly 
supplied  with  nerves,  which  upon  stimulation  cause  the  decrease  of  the  size  of 
the  spleeh.  These  nerve  fibers  are  found  in  the  splanchnics  containing  both 
inhibitory  and  accelerator}7  fibers.  The  splenic  circulation  is  cairied  on  laige- 
lv  by  means' of  these  contraction^.  These  contractions  being  quite  regular  in 
their  movements.  If  the  central  end  of  s me  of  the  sensory  nerves  is  simu- 
lated the  spleen  contracts;  sfmularly  if  the  peripheral  ends  of  both  vagi  aud 
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both  splanchnics  are  stimulated  it  produces  a. quick  contraction  of  the  spleen. 
ifBSth  the  vagi  and  splarchnics  are  divided  and  a sensory  nerve  is  stimulated 
contraction  of  the  spleen  takes  place.  What  the  object  of  these  rhythmic 
movements  is  as  yet  unknown  but  they  seem  to  depend  upon  the  small  gan- 
glia which  acts  as  automatic  centers.  These  contractions  and  relaxations  vary 
considerably,  depending  upon  the  blood  supply  determined  by  the  needs  of  the 
organ  and  upon  the  needs  of  the  liver  which  are  largely  guided  by  the  blood 
changes  in  the  spleen.  In  the  spleen  there  is  found  a large  proportion  of  iron 
together  with  fats,  fattv  acids,  cholesterin,  nitrogenous  extractives,  xanthin, 
uric  acid,  etc.  Tbf^  uric  arid  is  always  present  The  existence  of  these  sub-" 
stances  seems  to  indicate  that  certain  active  changes  take  place  in  the  spleen 
in  connection  with  the  metabolic  processes  of  the  body.  During  foetal  life  it 
is  certainly  a producer  of  red  blood  corpuscles  Uric  acid  is  said  to  be  pro- 
.duced  in  the  spleen.  Uric  acid  is  always  present  in  tire  spleen  but  whether  it 
is  formed  in  the  spleen  is  not  as  yet  settled-  If  so,  then  it  must  be  formed  in 
the  spleen  as  well  as  in  the  lymphoid  tissue  generally,  but  nothing  definate 
can  be  stated  as  the  removal  of  the  spleen  may  take  place  without  any  serious 
interferance  with  the  economy. 

SECTION Excretion. 

We  have  seen  how  the  food  passess  through  the  digestive  process  and  by 
absorption,  passes  through  the  blood  to  the  different  tissues  of  the  body.  In 
passing  through  the  blood  and  tissues,  certain  changes  take  place,  the  excess 
of  fluid  being  carried  as  waste  into  ihe  lymphatic  system  and  through  the 
lymph  into  the  blood.  The  various  food  elements,  proteids,  fats,  carbohy- 
drates, salts  and  water  become  changed,  the  proteids,  fats  and  carbohydrates 
into  urea,  CO2  . aqueous  vapor,  (Ho  O),  the  proteids  producing  nitrogen. 
From  the  proteids  also  are  found  sulphur  and  phosphorous  which  becomes 
changed  by  oxidation  into  the  sulphates  and  phosphates  being  excreted  along 
with  the  salts.  These  waste  substances  that  find  their  way  into  the  blood  are 
not  only  excess  but  they  represent  dangerous  elements  if  continuously  accutn- 
olated  in  the  blood.  These  substances  that  are  eliminated  are  called  excre- 
tions. Generally  speaking,  these  waste  elements  consists  of  urea,  CO2  , salts 
and  water.  These  waste  matters  are  eliminated  through  five  different  chan- 
nels, the  lungs,  the  intestines,  the  liver,  the  skin,  and  kidneys.  As  we  saw  in 
connection  with  respiration  the  lungs  excrete  CO2  and  also  a quantity  of  aque- 
ous vapor.  In  connection  with  the  intestines  we  find  then  in  the  foim  of 
faeces,  the  undigested  parts  of  food  and  the  matter  secreted  in  the  intestines 
are  excreted  as  faecal  matters  There  remain  to  be  considered,  the  two  main 
excretory  organs,  the  skin  and  the  kidneys. 

(1.) — THE  SKIN. 

It  is  concerned  physiologically  with  the  functions  of  sensation,  protection, 
respiration  and  also  excretion  It  presents  a sensory  surface  between  the  in- 
tern d substances  and  the  organs  of  the  body  and  the  external  world.  It  has 
a variety  of  nerve  fibers  distributed  over  its  surface  that  give  rise  to  various 
reflex  actions  that  keep  the  body  in  adaptation  to  its  surroundings  It  also 
has  an  important  part  to  play  in  connection  with  animal  heat  and  body  tem- 
perature. I he  skin  sonsists  of  two  layers,  the  deep  layer  of  connective  tissue 
called  the  coriuin  or  dermis,  and  the  superficial  layer  of  epithelium  called  the 
epidermis.  In  connection  with  the  skin  we  find  two  kinds  of  glands,  the  nails 
and  hair,  developed  in  connection  with  the  epidermis.  The  corium  consists  in 
its  upper  surfaces  of  furrowed  and  cross  furrowed  areas  forming  either  rouuded 
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or  grooved  shaped  areas,  the  rounded  areas  appearing  on  the  surface  of  the 
skin  and  the  furrows  on  the  palms  of  the  hands.  Between  the  furrows  are 
found  the  papillae  varying  in  size  and  number  in  different  parts  of  the  body, 
being  largest  in  the  palms  of  the  hands  and  the  soles  of  the  feet  and  also  most 
numerous.  This  corium  consists  of  connective  tissue  interlaced  with  elastic 
fibers.  The  mesh  work  of  tissues  differing  in  the  different  layers,  two  of 
which  are  important,  the  papillary  and  the  reticular,  the  latter  or  deeper  layer 
presenting  numbers  of  fat  cells  underneath  these  being  the  subcutaneous  layer 
in  which  fat  cells  are  abundant.  The  subcutaneous  layer  of  tissue  passes  into 
the  muscle  fascia  or  bone  periosteum.  The  epidermis  consists  of  tesselated 
epithelium  with  at  least  two  strata,  the  deep  or  soft  stratum  called  the  Mal- 
pighian or  mucous  stratum  and  the  dense  or  corny  stratum.  Both  strata  con- 
sists of  epithelial  cells.  In  the  mucous  stratum  being  cylindrical  with  a long 
nucleus,  those  above  being  round  or  flattened  cells.  In  the  corny  stratum  are 
found  polyginal  cells  flattened  without  any  nucleus,  these  being  formed  from 
the  hitherto  developed  mucous  layer  cells.  The  pigment  of  the 
skin  is  found  in  the  deeper  cells  of  the  muscous  stratum.  In  thick 
epidermal  regions  as  in  the  hand  and  feet,  there  is  a middle  layer  lying  be- 
tween tUe  deep  and  the  dense  layer  called  stratum  lucidum,  Connected  with 
the  skin,  are  hair  consisting  of  the  shaft,  that  part  above  the  skin,  the  radipili 
the  part  passing  into  the  skin,  sunk  in  the  folicle  and  the  bulb  at  the  end  of 
the  root  with  a tubular  recess  filled  with  tissue  called  the  papillae.  The  se- 
baceous glands  open  into  the  folicule. 

SECTION  X.— Sweat  and  Sebaceous  Excretion. 

In  connection  with  the  integument  we  find  two  glands,  (a)  The  sudorifer- 
ous or  sweat  gland.  These  were  first  discovered  by  Malpighi.  Thei’eTare 
"tubular  glaucTs7"ball  shaped,  at  the  end,  being  the  secreting  part  and  situated 
in  the  subcutaneous  tissue.  The  long  straight  duct  passes  with  a slight  wind- 
ing course  through  the  corium  between  the  papillae  running  through  the 
horny  epidermis  and  opening  on  the  surface  by  a round  pore.  These  glands 
are  found  all  over  the  body  except  on  the  glans  penis  and  on  the  inner  surface 
of  the  preputium  penis  being  found  most  abundant  in  the  palms  of  the  hands 
and  the  soles  of  the  feet.  There  are  estimated  to  be  as  many  as  2,500  to  the 
_scpiar.fi:.  inch.  Krause  estimates  fharMlIere  are  two  "million',  five  lfUndfed 
thousand  sweat  glands  over  the  body  The  secretion  of  these  glauds  is  an 
oily  fluid  which  lubricates  the  skin,  normally  during  the  resting  condition. 
Under  the  influence  of  nervous  stimulation,  the  watery  licpiid  known  as  per- 
spiration, is  exuded. 

(b).  The  sebaceous  glands  are  simple  or  compound  racemose  glands. 
They  are  found  in  the  coriuiii  and  consist  of  a short  duct  opening  into  or  in 
connection  with  tubes  that  open  into  the  hair  follicles.  The  secretion  is  a fattj’ 
matter  mingled  with  the  remnants  of  broken  up  cells  These  glauds  are  found 
all  over  the  body  except  on  the  palms  of  the  hands  and  the  soles  of  the  feet, 
some  of  these  glands  not  being  connected  with  hair  follicles  as  on  the  lips,  the 
labiamiuora,  the  glans  penis  and  the  preputium  penis  known  as  Tyson’s 
glands.  In  the  negro  races,  these  glands  are  found  very  large  and  numerous, 
sometimes  being  developed  deep  into  the  subcutaneous  tissue.  The  subcutane- 
ous arteries  arise  from  vessels  in  the  underlying  fascia  running  out  to  the  sur- 
face. They  consist  of  three  capillaries,  the  deeper  lying  in  the  fatty  subcu- 
taneous tissue,  the  middle  forming  a plexuses  around  the  sweat  glands  and  the 
most  superficial  forming  the  terminals  of  the  artery,  furnishing  branches  to 
the  papilla,  the  hair  follicles  and  the  sebaceous  glands  in  the  papillary  stratum. 
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In  the  papillary  stratum  arise  the  veins  in  connection  with  the  papilla,  the 
hair  follicles  and  the  sebaceous  glands,  the  small  vein  branches  etering  close 
to  the  arteries  and  receiving  branches  from  the  sweat  glands  and  passing  into 
the  fatty  subcutaneous  tissue.  The  lymphatics  consist  of  two  net  works,  the 
one  lying  in  the  deeper  subcutaneous  tissue  with  wide  meshes  and  the  other  in 
the  papillary  stratum  with  very  narrow  meshes,  the  branching  lymphatics 
arising  around  the  hair  follicles  and  the  glands.  The  nerves  are  very  abund- 
ant in  the  palms  of  the  hands  and  ihe  solea  of  the  feet,  having  their  terminals 
in  the  subcutaneous  tissue  and  also  in  the  touch  corpuscle  cells.  The  horny 
layer  of  the  epidermis  acts  as  a surface  of  protection  and  also  as  a barrier 
against  absorption  of  poisonous  substances.  Each  of  the  epidermal  structures 
represents  a development  in  connection  with  the  excretions  from  the  blood, 
each  of  these  structures  having  its  own  constitution  and  independent  exist- 
ance,  growing  and  maturing  and  then  being  replaced  by  others,  which  grow 
in  the  same  way.  These  epiderminal  structures  are  connected  with  the  pro- 
tection of  the  body  aiding  sensitiveness,  warmth,  etc.  A limited  quantity  of 
water  may  be  absorbed  through  the  skin.  Other  substances  particularly  if 
mixed  with  fatty  or  oily  substances  especially  in  connection  with  mechanical 
rubbing,  pass  through  the  skin  into  the  subcutaneous  lymphatics.  The  epi- 
dermis is  a medium  through  which  the  nerves  of  ordinaary  sensation  receive 
stimulation,  and  it  may  be  that  the  deep  cells  of  the  stratum  mucosin  are  to  be 
regarded  as  the  terminal  organs  of  these  nerves,  the  actual  termination  of  the 
nerve  fibers  in  the  cells  have  not  yet  been  enough  definately  made  out.  To  a 
slight  extent,  respiration  takes  place  through  the  skin,  about  10  grams  of  O 
being  absorbed  and  about  the  same  amount  of  CO2  being  given  off  in  the 
course  of  24  hours,  but  the  chief  function  of  the  skin  is  that  with  its  glands,  it 
presents  a large  surface  through  which  excretion  takes  place.  The  chief  sub- 
stance excreted  through  the  skin  is  water,  with  a comparatively  small  quantity 
of  salts  and  a small  quantity  of  CO2  . In  the  human  subject  the  perspiration 
takes  place  largely  on  the  forehead,  on  the  palms  of  the  hands  and  the  soles  of 
the  feet,  and  the  axillae. 

(a)  sweat.  The  sweat  yielded  by  the  sudoriferous  glands  is  a colorless, 
watery  fluid  transparent  with  the  peculiarly  saline  taste  and  a characteristic 
odor  varying  in  the  different  parts  of  the  body.  The  sweat  in  the  human  sub- 
y t i-  ;i'  id  m reaction,  although  it  is  alkaline  when  very  abundant.  If  a part 
of  the  skin  is  well  washed,  the  sweat  collected  afterwards  from  the  skin  is  alka- 
line. It  is  concluded  from  this  that  the  pure  sweat  is  alkaline,  but  that  when 
mixed  with  sebum  secretion  it  becomes  acid.  This  acidity  is  due  to  the  sebaic 
acids  arising  from  decomposition  of  the  sebaceous,  matter  found  in  connection 
with  the  sweat  glands.  The  specific  gravity  is  about  1.004  On  microscopic 
examination  there  are  found  oil  globlets  and  crystals  and  sometimes  some  epi- 
thelial epidermic  cells.  Normally  perspiration  contains  97.5  to  99  per  cent  of 
water,  and  from  1 to  2.5  per  cent  solids.  About  two  thirds  of  the  solid  matter 
consists  of  organic  matters  and  one- third  of  inorganic  substances  in  the  form  of 
salts,  sodium  chloride  constituting  the  larger  proportion,  from  0.2  to  0.3  per 
cent,  and  small  quantities  of  other  inorganic  salts,  there  are  also  found  phos- 
phates and  traces  of  iron  oxide,  some  traces  of  urea  have  been  found  represent- 
iug  proteid  decomposition,  but  this  normally  is  decomposed,  giving  rise  to  am- 
monium salts.  It  has  been  proved  that  where  muscular  activity  is  great  the 
amount  of  nitrogenous  waste  eliminated  from  the  skin  may  be  considerable, 
amounting  to  .8  grams.  Under  ordinary  circumstances,  however,  the  amount  of 
urea  eliminated  is  small.  Small  quantities  of  the  volatile  fatty  acids  are  present, 
giving  rise  to  the  sweat  odor.  Lactic  acid  is  not  present  in  a normal  condition. 
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There  aie  also  found  the  neutral  fats,  cholesterine  and  small  traces  of  albumin, 
various  fatty  acids  such  as  buteric  and  acetic  acid  with  caproic  and  caprylic 
acid  giving  rise  to  the  odor.  In  pathological  conditions  sweat  has  been  found 
to  contain  blood,  urea  and  albumin  in  large  quantities,  sugar,  uric  acid,  lactic 
acid  and  bile  also  in  large  quantities.  The  amount  of  sweat  varies  in  different 
animals.  Anything  that  assists  the  blood  to  supply  the  skin,  tends  to  assist 
sweat  secretion,  and  if  the  watery  evaporation  is  greater  from  the  glands  than 
normal  the  surface  of  the  skin  is  covered  over  with  a profuse  perspiration. 
Secretion  of  sweat  is  produced  by  exercise,  profuse  drinking  of  water,  hot 
baths,  high  temperature,  and  friction  applied  to  the  surface  of  the  skin.  Mor- 
phine and  atropin  diminish  or  stop  the  flow  of  sw?eat,  whereas  muscarin  strych- 
nine, nicotine  and  camphor  increases  the  sweat  flow.  Mental  conditions  of  excite- 
ment, either  of  excessive  joy,  anger  or  grief  increases  the  secretion  of  sweat. 
There  is  a sympathy  between  the  two  excretory  organs  so  that  if  the  action  of 
the  kidneys  is  partially  arrested  as  in  certain  abnormal  conditions,  the  skin 
will  discharge  the  excretory  function  more  generally.  It  is  estimated  that 
about  900  C.C.  of  water  is  discharged  by  the  skin  in  24  hours  in  a normal  adult 
or  about  1 ooth  part  of  the  body  weight.  This  represents  the  second  channel 
through  which  water  is  excreted  from  the  body.  It  is  very  much  less  in  pro- 
portion than  that  excreted  by  the  kidneys.  It  seems  to  be  important  not  so 
much  from  the  standpoint  of  water  excretion  from  the  body  as  in  connection 
with  the  loss  of  animal  heat,  or  its  preservation.  The  more  sweat  is  evapo- 
rated, the  greater  is  the  heat  loss.  The  first  sweat  secreted  is  more  rich  in 
fatty  acids  and  salts  writh  less  inorganic  salts,  the  reverse  being  true  when  per- 
spiration becomes  free,  then  the  secretion  becomes  alkaline.  Free  perspiration 
lessens  the  flow  of  urine  and  at  least  diminishes  the  quantity  of  urea  found  in 
the  urine.  Iodine,  alcohol  and  odoriferous  elements  may  be  discharged  through 
the  skin.  The  sweat  secretion  is  dependent  upon  the  blood  pressure  in  the  mi- 
nute capillaries,  the  development  of  the  gland  cells  and  the  nerve  supply  to 
these  cells.  After  the  secretion  takes  place  the  excretion  is  aided  by  the  con- 
traction of  the  smooth  muscular  fibers  found  between  the  cells  and  the  mem- 
brana  propria.  Perspiration  is  more  profuse  on  the  right  side  than  on  the  left 
side.  The  innervation  of  the  sweat  glands  depends  upon  the  vaso-motor  nerves, 
the  dilators  and  constrictors,  and  the  trophic  or  secretory  fibers.  Perspiration 
will  not  be  produced  by  the  simple  effusion  of  blood  to  the  surface  of  the  skin. 
Pallor  may  be  found  along  with  profuse  perspiration,  in  this  case  the  vaso- 
constrictors and  the  secretory  fibers  are  active.  There  is  no  doubt  that  special 
secretory  fibers  are  in  existence.  If  the  sciatic  nerve  in  the  cat  is  cut  and  stim- 
ulation is  applied  to  the  peripheral  end  perspiration  will  be  found  freely  in  con- 
nection with  the  foot  pads.  In  the  case  of  the  cat  perspiration  in  the  hind  feet 
depends  upon  nervous  impulses  conveyed  along  the  sciatic  nerve  fibers.  A cat 
whose  sciatic  nerve  was  divided  on  one  side  when  placed  in  a hot  room  was 
found  to  perspire  freely  in  the  three  feet  while  the  foot  in  which  the  sciatic 
nerve  was  divided  did  not  sweat  at  all.  These  secretory  fibers  in  the  sciatic 
nerves  originate  from  the  spinal  cord  from  the  anterior  roots  in  the  spinal 
nerves,  from  the  ninth  to  the  thirteenth  dorsal  veitebra.  Some  have  located 
in  this  spinal  area  a spinal  sweat  center.  The  secretory  nerves  of  the  front 
limbs  in  the  cat  are  found  in  the  median  and  ulnar  nerves  arising  trom  the 
spinal  cord  in  the  lower  cervical  region.  The  secretory  fibers  of  the  head  and 
neck  have  been  found  in  the  cervical  sympathetic,  in  the  facial  nerve  and  the 
fifth  cranial  arising  from  a brain  center,  possibly  one  of  the  cerebral  centers  as 
the  mental  states  of  excitement,  emotion  and  pain  produce  influences  affecting 
the  sweat  glands  of  the  face  and  neck. 
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The  stimulation  of  the  facial  nerve  has  been  found  to  produce  perspiration 
•on  the  cutaneous  region  supplied  by  this  nerve  and  also  on  the  opposite  side. 
The  same  is  true  of  the  median  nerve.  This  seems  to  indicate  reflex  action  in 
connection  with  the  sweat  centers.  In  what  way  this  takes  place  is  as  yet 
unknown.  If  the  perspiration  is  not  very  profuse  and  if  the  atmosphere 
around  is  dry,  the  watery  fluid  in  the  sweat  passes  off  quickly  as  vapor,  this 
vaporous  element  being  called  insensible  perspirations.  If,  on  the  other  hand, 
perspiration  is  profuse  or  if  the  atmosphere  is  moist  the  sweat  freely  flows  over 
the  surface  of  the  skin  and  it  is  called  sensible  perspiration.  The  proportion  of 
these  two  will  depend  on  the  secretion  in  connection  with  temperature  and  the 
motion  of  the  surrounding  air.  When  the  air  is  dry  and  hot  and  the  air  in 
coutact  with  the  body  is  rapidly  renewed,  the  sensible  perspiration  is  greater 
and  a greater  amount  becomes  insensibly  evaporated.  It  the  air  is  cool  and 
moist  there  is  a large  amount  left  on  the  skin  as  sensible  perspiration.  Often 
we  seem  to  perspire  freely,  when  really  there  is  but  an  increase  in  the  sensible 
perspiration.  The  secretion  may  increase  in  a hot,  dry  air.  The  condition  of 
the  body  also  determines  the  amount  of  perspiration  given  off,  for  example, 
the  quantity  and  kind  of  the  food,  the  amount  of  fluid  taken,  the  exercises  of 
the  body  and  the  activity  of  the  kidneys.  If  the  skin  surface  becomes  covered 
with  solid  substances,  the  skin  will  be  coated  so  as  to  prevent  the  free  action 
of  the  sweat,  the  openings  into  the  ducts  being  closed.  This  constitutes  one  of 
the  fundamental  reasons  why  baths  should  be  regularly  taken  by  persons  de- 
siring to  maintain  normal  health  so  as  to  keep  the  pores  of  the  body  open  and 
to  permit  the  free  and  active  exercise  of  the  sweat  glands. 

(b.  ) the  excretion  of  the  sebaceous  glands.  The  substance  se- 
creted is  of  an  oily  character,  semi  fluid  and  of  a characteristic  odor.  The  fat- 
ty substances  are  formed  by  the  epithelial  cells  of  the  glands,  the  sebaceous 
secretion  consists  of  about  31  per  cent  of  w'ater,  61  percent  of  albuminous 
matter  and  broken  down  cell  substances,  5 per  cent  of  fatty  matter  and  soaps 
including  olein,  palmatin  and  sodium  palmitate  with  1 to  1 .5  per  cent  inorganic  salts 
including  the  chlorides  and  phosphates.  Its  chief  function  seems  to  be  in  con- 
nection with  the  hair  keeping  the  hair  soft  and  flexible.  It  has  also  a function 
in  connection  with  the  skin,  lubricating  the  skin  and  preventing  the  loss  of 
water  and  also  hindering  the  absorption,  of  aqueous  substances  through  the 
skin.  Thisincludes  the  wax  formed  in  connection  with  the  ears  and  the  secretion 
of  the  eyelids,  fl  he  earwax  is  said  to  contain  fat  cells  aud  cholesterine  crystals 
together  with  a bitter  substance  not  yet  named.  The  amount  of  oily  matter  se- 
creted varies  among  animals  according  to  the  species  and  even  among  individ- 
uals being  largest  among  the  negroes. 

(c.)  gaseous  excretion.  Th£_skjn_from  the  standpoin  of  respiration 
is  concerned  in  the  exchange  of  gases.  The  capillary'  'vessels  in  the  outer  laj7- 
er  of  the  corium  contain  O and  UU2  and  as  the  epidermis  is  the  only  separa- 
tion between  the  gases  and  the  atmosphere  the  exchange  takes  place  upon  the 
bases  of  the  lose  of  diffusion  the  CO 2 being  given  off  and  the  O being  taken  in 
to  unite  with  the  haemoglobin.  Aqueous  vapor,  H ? 0,  is  also  excreted  through 
the  skin  when  the  surrounding  air  is  not  freely  filled  with  such  vapor.  In  the 
case  of  a frog  whose  lungs  have  been  taken  out  respiration  continues  for 
some  time,  O being  taken  in  and  C02  eliminated,  the  frog  being  able  to 
breathe  without  lungs,  1 he  respiration  being  carried  on  by  the  skin.  I11  the 
human  subject  this  respiration  is  limited  on  account  of  the  thickness  of  the 
f 10  a enc^os.ure  the  human  body  in  a gas  tight  chamber  it  has  been 

tound  that  by  shutting  out  the  respiratory  gases  the  quantity  of  CO?  given  off 
in  a day  amounts  to  from  6 to  10  grams,  similiarly  from  6 to  10  grams  of  O 
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have  been  absorbed  by  the  skin  in  a day  in  the  case  of  the  human  subject. 
This  large  amount  of  CO 2 does  not  necessarily  come  from  the  blood  but  may 
arise  in  connection  with  sweat  decomposition  and  the  O may  be  similiarly  ab- 
sorbed aud  used  up  in  the  oxidation  process  in  connection  with  the  sweat.  It 
is  estimated  that  OO2  is  given  off  by  the  skin  to  the  extent  of  1-150  and  O 
taken  in  to  the  extent  of  1 140  of  that  given  off  and  taken  in  in  connection 
with  the  lungs.  The  amount  of  aqueous  vapor  excreted  cannot  be  estimated 
as  it  cannot  be  collected  free  from  the  sweat.  This  indicates  that  the  ex- 
chadge  by  the  secretory  process  of  the  skin  is  small  as  compared  with  the 
amount  of  gas  required  in  respiration.  If  a rabbit  is  covered  over  with  gela- 
tin so  as  to  prevent  absorption  of  O or  water  and  an  exhalation  of  CO2  and 
water,  the  rabbit  will  soon  die.  This  death  is  not  due  to  the  suspension  of  cu- 
taneous respiration  as  it  is  small  compared  with  that  of  the  lungs.  These 
symptons  seems  to  indicate  poisoning  accomopanied  by  a large  loss  of  heat  in- 
dicated by  the  fall  of  temperature  If  the  warmth  be  preserved  by  the  use  of 
cotton  so  as  to  prevent  the  heat  from  being  rapidly  lost  life  may  be  prolonged. 
The  skin  also  absorbs. 

Cases  have  been  recorded  in  which  by  emersion  in  water  the  body  has 
increased  in  weight,  this  gain  being  due  to  the  embibing  of  water  by  the  skin. 
If  the  epidermis  is  removed  absorption  takes  place  rapidly  but  some  have  ques- 
tioned whether  such  absorption  is  possible  if  the  skin  remains  intact.  It 
seems  that  there  can  be  no  reason  why  water  and  soluble  substances  should 
not  pass  through  the  intact  skin.  There  is  evidence  that  even  solid  substances 
may  pass  through  the  skin  as  solid  particles  rubbed  into  the  skin  if  in  a 
fatty  medium  become  quickly  absorbed  in  the  lymphatics. 

The  formation  of  sweat  is  influenced  by  the  same  circumstances  that  influ- 
ence the  formation  ofl  other  'excretions'  namely':  (1)  the  supply  of  blopd;  (2) 

the  nervous  impulses;  (3)  the  activity  of  the  gran  du  lar* "epithelium.  Hence, 
where  cutaneous  vessels  are  dilated,  as,  when  the  surrounded  atmosphere  is 
warm  the  excretion  of  the  skin  is  increased  while  under  opposite  conditions  the 
perspiration  is  very  scanty  in  amount.  The  effect  of  nervous  influences  inde- 
pendently of  the  blood  supply  to  the  sweat  glands  upon  the  formation  of  sweat 
has,  as  in  the  case  of  submaxillary  gland  been  demonstrated  by  experiments 
upon  the  lower  animals.  The  phenomena  of  increased  sweat  under  excitement, 
emotion,  etc.,  is  a well  known  example  of  these  influences  in  connection  with 
the  higher  centers.  SiimulaiTy  the  cold  sweats  of  phthisis  in  which  pathaologi- 
cal  condition  there  is  not  an  excessive  but  a defective  blood  supply  to  the 
cutaneous  vessels,  form  examples  of  the  influence  of  body  conditions  upon 
body  perspirations. 

SECTION  XI.  (2)  The  Kidneys. 

The  kidney  consists  of  a cortical  and  medullary  part,  the  medullary  part 
being  formed  into  the  pyramids  of  Malpighi  conical  shaped  masses  whose  api- 
ces open  into  the  sinus.  The  cortical  portion  is  soft  and  of  a dark  color.  The 
secretion  takes  place  largely  in  the  cortical  part  after  which  it  passes  through 
the  medullary  part  into  the  sinus  from  which  it  passes  into  the  pelvic  cavity  of 
the  ureter  and  thence  into  the  bladder.  In  the  kidney  we  find  a large  number  of 
tubular  glands  closely  connected.  The  tubes  (tubuli  uriuiferil  being  very  tor- 
tuous in  the  cortical  portion  and  straight  in  the  medullary  portion.  Bach  of 
the  tubules  originate  in  a small,  sac  constricted  at  the  neck  encompassing  Mal- 
pighian bodies  in  the  cortex,  the  tube  in  convoluted  form  running  into  the 
medullary  part  forming  a loop  and  returning  to  the  vortex  constituting  the 
Henle  loop,  consisting  of  a descending  aud  ascending  portion.  The  ascending 
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portion  becomes  spiral  and  forms  the  inter-calary  tube  and  then  straightens  out 
into  the  collecting  tube.  These  collecting  tubes  as  they  pass  to  the  medul- 
lary part  unite  together  forming  larger  tubes  which  become  papillary  ducts  in 
the  papillae.  These  minute  tubules  vary  in  size  at  different  points  of  the  path, 
the  smaller  tubules  passing  into  the  inter-callary  ducts  and  finally  into  the 
‘wide  collecting  tubes.  These  tubes  lie  in  the  midst  of  loose  masses  of  inter- 
stitial connecting  tissue  in  the  midst  of  whichthe minute  blood  vesselsare  found. 
The  Malpighian  corpuscle  forms  a plexus  of  blood  vessels,  known  as  the  glom- 
erulus encompassed  by  the  expanded  section  of  the  urinifierous  tubule  called 
Bowman’s  capsule.  This  capsule  consists  of  two  portions,  the  internal  cover- 
ing the  glomerulus  and  the  external  consisting  of  polygonal  cells  passing  to 
the  neck  and  forming  the  convuluted  tube  wall.  The  renal  artery 
branches  into  the  renal  substance  passing  through  the  medullary  part 
and*  passing  up  to  thebounding  line  between  the  medulla  and 
the  cortex  forming  a series  of  plexuses  with  the  convex  parts  towards 
the  cortex.  Out  of  these  convex  arches  arise  the  interlobular  arteries 
which  branch  off  into  the  lobules  each  glomerulus  receiving  one  branch  which 
is  divided  so  as  to  form  afferent  vessels  with  capillaries  branching  off  into  the 
interlobular  efferent  veins.  These  minute  veins  anastomose  freely  with  the 
veins  in  the  cortex,  running  quite  close  to  the  interlobular  arteries.  The  ar- 
teriae  rectaearising  from  the  arterial  arches  supply  the  medullary  portion  of 
the  kidney,  the  medullary  veins  running  in  spiral  form  around  the  papillary 
ducts  and  opening  into  the  venous  arch  at  the  bounding  line  between  the  me- 
dulla and  the  cortex.  The  renal  lymphatics  are  found  in  connection  with  the 
capsules  and  the  minute  arteries  in  the  renal  substance,  nerves  accompanying 
the  minute  vessels,  but  with  connections  and  terminations  as  yet  unknown. 

SECTION  XII.  Urine  Composition. 

The  kidneys  are  functionally  the  organs  through  which  the  urine  is  se- 
creted and  drained  off  from  the  blood.  Through  them  the  main  part  of  the 
nitrogenous  waste  of  the  body  with  a considerable  quantity  of  water,  some 
salts  and  CO2  are  excreted.  The  sold  matters  of  the  excretions  of  the  body 
are  excreted  chiefly  through  the  urine,  only  a small  quantity  passing  through 
the  skin  and  almost  none  through  the  lungs.  Thus,  all  the  substances  are 
practically  excieted  through  the  urine  except  the  faeces,  these  substances  vary 
considerably  in  quantity  and  in  composition. 

The  normal  urine  is  a clear  yellowish,  slightly  phosphorescent  fluid  with 
a peculiar  odor  and  a saline  taste.  It  is  acid  in  reaction,  the  acidity  being  due, 
not  to  a free  acid  but  to  the  presence  of  an  acid  salt,  phosphate  of  sodium, 
the  degree  of  acidity  depends  upon  the  diet,  being  said  to  be  in  inverse  propor- 
tion to  the  acid  secretion  in  the  stomach.  Thus,  it  varies  with  the  kind  of 
food.  After  taking  a meal,  the  urine  may  be  neutral  or  alkaline  increasing 
after  digestion  in  the  stomach  ends.  In  carnivorous  animals  it  is  acid  and  in 
herbivorous,  alkaline,  if  living  on  vegetables  but  if  starving  or  living  on  ani- 
mal diet  then  it  is  acid.  When  the  food  is  animal  there  is  more  acid  produc- 
tion than  can  be  neutralized.  When  the  food  is  vegetable  there  is  carbonate 
formation  sufficiently  great  to  neutralize  the  acids.  With  a vegetable  diet  the 
proportion  of  alkaline  salts  excreted  in  the  urine  is  increased  and  that  fluid  be- 
comes less  acid,  neutral,  or  even  alkaline  in  reaction  When  the  gastric  juice 
is  being  secreted  as  when  food  is  taken  into  the  stomach  the  acidity  of  the 
urine  is  decreased.  As  digestion  becomes  more  complete  the  urine  becomes 
again  distinctly  acid.  On  exposure  to  the  air  for  a time  urine  becomes  more 
markedly  acid,  as  fresh  acid  is  formed  by  fermentation  and  urates  or  uric  acid 
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may  be  deposited,  but  subsequently  the  reaction  changes  to  alkaline,  the  urea 
combining  with  elements  of  water  to  form  carbonates  of  ammonia  under  the 
influence  of  micro  organisms  or  organized  ferments.  These  do  not  normally 
appear  till  the  urine  is  discharged.  Sometimes  abnormally,  however,  ferment- 
ation takes  place  in  the  bladder,  micro  organisms  being  introduced ' from  the 
air  or  an  unorganized  ferment  bein  formed  inside.  A deposit  is  also  thrown 
down,  the  phosphates  being  precipitated  partly  as  phosphates  of  lime,  partly 
as  the  triple  phosphates  of  magnesium,  and  urate  of  ammonia.  The  urine 
temperature  is  normally  about  390  C after  standing  for  some  time  there  is  a 
mucous  deposit  representing  mucous  corpuscles  and  sometimes  flattened  epi- 
thelial cells.  Later  this  deposit  will  yield  uric  acid  crystals,  and  still  later 
the  acid  urate  of  sodium.  If  kept  in  a clean  vessel  and  in  the  cool  the  acidity 
continues  for  some  time.  Later  the  acidity  lessens  slowly  and  then  it  becomes 
neutral  and  later  alkaline,  fermentation  setting  in  on  account  of  the  presence 
in  it  from  the  air- of  the  microco-cus  ureae.  Microscopic  examination  revealing 
the  presence  of  bacteria.  If  urine  is  preserved  in  a clean  vessel  and  then 
boiled  and  caresully  sealed  it  will  keep  for  a considerable  time.  Under  the 
action  of  the  micro  oaganisms  urea  is  converted  into  carbonate  of  ammonia,  a 
•deposit  being  thrown  down  consisting  of  the  triple  phosphate,  lime  phosphate 
and  ammonia  urate.  Urine  may  be  alkaline  if  the  alkalies  are  present  if  ace- 
tates, citrates,  phosphates  are  found  in  the  food. 

The  mean  specific  gravity  is  1020,  varying  from  1015  to  1025.  The  color 
•of  the  urine  varies  both  in  health,  and  disease.  It  may  be  pale,  colorless  or 
dark  color.  In  diabetes  it  is  usually  very  pale.  It  may  be  milk  colored  on 
account  of  the  presence  of  chyle;  dark  red  from  the  presence  of  a pigment  o- 
blood  or  greenish  from  the  presence  of  bile.  It  may  also  be  a bluish  color  due 
to  the  presence  of  indigo  from  indican.  The  normal  variation  in  color  depends 
upon  the  varying  quantities  of  the  pigment,  urobilin  which  is  the  same  as  bil- 
irubin taken  from  the  alimentary  canal.  In  order  to  find  out  the  urine  compo- 
sition the  urine  must  be  collecte  for  a day  and  then  subjected  to  analysis. 
This  must  be  done  in  order  to  have  a normal  urine  as  it  is  subject  to  great 
change  during  a day.  The  amount  of  urine  secreted  by  a normal  male  is 
about  1,800  to  2,000  CC,  and  an  adult  female  from  1,400  to  1,600  CC.  Some- 
times it  is  necessary  to  estimate  the  amount  of  certain  elements  found  in  the 
urine  by  the  volumetric  method.  Certain  reactions  are  used,  the  solutions 
used  being  of  definitely  known  strength,  the  weight  of  the  substance  being  de- 
termined by  calculation.  This  method  is  explained  in  urinalysis. 

The  urine  consists  of  a great  number  of  substances  varying  in  their  na- 
ture. Some  being  excreted  just  as  taken  in  the  food,  others  being  the  result 
of  certain  changes  which  the  food  has  undergone  in  the  alimentary  canal,  the 
tissues,  and  the  kidneys.  These  constituents  are: 

(r.)  water. — The  solid  matter  in  the  urine  consists  of  about  4 per  cent. 
The  solid  matter  varies  with  the  specific  gravity,  every  degree  in  the  urinome- 
ter  representing  about  2.33  of  solid  matter  per  thousand.  Water  passe_s  out  of 
the  body  through  the  lungs,  the  skin  and  the  kidneys.  The  amount  excreted 
through"  the  skin  and  kidneys  being  in  inverse  ratio  to  each  other,  that  is 
when  a great  quantity  is  lost  through  the  skin  a very  small  quantity  passes 
through  the  kidneys.  The  large  proportion  of  water  eliminated  from  the 
body  is  through  the  kidneys,  the  blood  continually  loosing  water  in  this  way. 

(2)  inorganic  salts. — These  salts  exist  mostly  in  their  natural  condi- 
tion. These  consist  of  chlorides,  phosphates,  and  sulphates  of  th.e_alkalies  and 
alkaline  earths.  They  rise  partly  from  the  salts  taken  in  food  and  partly 
from  the  metabolic  changes  in  the  body  chiefly  iu  connection  with  the  proteids. 
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Sodium  chloride  is  the  most  abundant,  amounting  to  about  1 per  cent  in  nor- 
mal  conditions  derived  chiefly  from  salt  taken  in  food.  Hydrochloric  acid  is. 
united  with  sodium,  a normal  adult  excreting  about  20  grams  of  sodium 
chloride.  The  amount  depends  on  the  food  and  also  upon  the  normal  or  ab- 
normal conditions  of  the  body.  In  inflamation,  as  the  crisis  is  reached,  the 
amount  is  increased.  Chloride  of  calcium,  chloride  of  potassium,  phosphate 
of  lime,  and  chloride  of  magnesium  together  with  sulphates  are  also  found  in 
small  quantities.  Phosphoric  acid  in  the  urine  is  united  with  the  alkalies  and 
the  alkaline  earths.  Of  this  phosphoric  acid  about  2 to  3 grams  are  eliminated 
daily  by  a normal  adult.  The  phosphates  arise  chiefly  from  phosphates  of 
the  food  and  the  destruction  of  tissues  containing  phosphorous.  The  sulphuric 
acid  in  the  urine  is  united  with  potassium  and  sodium  constituting  sulphates 
and  also  in  union  with  the  phenol  and  indol-oxyl  sulphates  of  potassium,  the 
sulphates  being  combined  chiefly  with  organic  substances,  About  two  grams 
of  sulphuric  acid  are  eliminated  daily  by  healthy  adults.  Carbonic  acid  is  found 
in  urine,  as  carbonate  of  sodium  or  combined  with  magnesia  and  calcium,  In 
this  case  if  a few  drops  of  nitric  acid  is  added,  the  urine  will  seath,  this  effer- 
vescence rising  from  the  presence  of  COo  . Lime  is  found  in  the  urine  almost 
entirely  in  union  with  phosphoric  acid  and  oxalic  acid,  the  amount  varying 
within  small  proportions.  Ammonia  is  found  in  the  urine  in  nitrogenous  form, 
yielding  ammonia,  the  amount  depending  on  the  food,  being  larger  in  the 
mixed  diet  than  in  a vegetable  diet.  Magnesium,  in  the  phosphate  form,  iron, 
and  nitric  acid  exists  in  very  small  quantities  in  the  urine. 

(t.)  gases.  — T hese  gases  consist  of  C02  about  17  volumes  per  cent.v^N 
about  one  volume  per  cent  and  O about  7i  volume  per  oent,  although  the  6 is" 
present  only  in  very  minutes  traces.  Carbonic  acid  is  found  loosely  combined 
with  the  acid  phosphate  of  soda. 

(4)  pigments.  Urine  is  always  colored.  McMuun  claims  that  urobilin 
is  always  present  in  urine  normally,  although  small  in  quantities.  The  pig- 
ments of  the  urine  are  not  very  satisfactorily  known.  This  is  increased  by 
the  fact  that  chromogens  exists  in  the  urine,  that  is  the  substances  giving  rise 
to  pigments  by  oxidation:  the  urine  pigments  are  at  least  two  in  number,  uro- 
bilin and  indigo  from  indican.  The  exact. nature  of  the  yellow  coloring  mat- 
ter is  uncertain.  The  urobilin  does  not  give  the  yellow  color  to  normal  urine. 
Uiobilin  or  hydro-biliruben  which  is  formed' from  biliruben  is  sometimes  pres- 
ent. Tn  Uie  intestines,  part  of  the  bile  pigments  is  converted  to  hydro-bili- 
ruben which  is  absorbed  and  eliminated  by  the  kidneys  as  urobilin.  There  is 
also  indican  or  indoloxyl,  sulphates  of  potassium  which  is  believed  to  be  pro- 
duced in  the  alimentary  canal  and  which  on  oxidation,  yields  various  indigo 
pigments.  On  decomposition  indican  produces  leucin  and  indigo,  both  blue 
and  red.  Indigo  blue  may  be  obtained  from  normal  urine  in  small  quantities. 
Uro  haematiu  iaioundJn_nrine  of  rheumatic  cases  and  in  Addison's  disease' 
Skatoloxvl,  sulphate  of  potassium,  uro  chrome  and  uro  melanin  may  also  be 
found  in  small  quantites  in  urine  but  these  are  not  normally  present  as  oie- 
ments.  1 & 

(51.  nitrogenous  elements  — Aside  from  the  special  nitrogenous  sub- 
stances introduced  along  with  the  food  the  principle  nitrogenous  elements  are 
.^rea  from  two  to  three  percent  and  uric  acid  about  .os  per  cent.  'Small 
quantities  of  substances  related  to  urea  are  also  found.  Kreatinin,  ITypoxan- 
tlnn,  hyppuric  acid,  oxaluric  acid  and  sulphocyanides.  These  nitrogenous 
matters  result  from  changes  in  the  proteid  substances  Land  allied  substances 
like  gelatin  'in  connection  with  the  body  metabolism. 

((~>)  albumin. — Is  is  claimed  that  normal  urine  always  contains  albumin. 
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This,  however,^  is  not  accepted,  by  all.  There.  are  found,  however,  ferments 
4n_the_urme. . If  a large  amount  of  alcohol  is  mixed  with  urine,  there  is  thrown 
down,  a precipitated,  containing  phosphates  and  several  substances,  in  small 
quantities.  The  ferments  are  found  to  be  amylolytic  and  proteolytic  if  the 
ferments  are  entangled  in  fiblnnjby  washing  out,  ferments  may  be  secured  that 
will  convert  starch  into  sugar  and  if  hydrochloric  acid  is  added  the  pepsin  will 
be  found.  From  this  it  has  been  concluded  that  some  of  the  alimentary  fer- 
m£hTs  escape  into  the  urine. 

(7)  non-nitrogenous  ELEMENTS. —Small  quantities  of  various  acids 
are  found.  Oxalic  acid  appears  as  the  oxolate  of  lime  when  rhubarb,  apples, 
tomatoes,  etc.,  are  used  as  food  and  in  small  quantities  with  any  kind  of  diet.’ 
Lactic  acid,  butyric  acid,  formic  acid,  acetic  acid  and  it  is  also  said  glucose  in 
minute  quantities  are  present  normally  in  the  urine.  The  amount  of  these 
various  substances  found  in  the  urine  vary  considerably  in  different  individu- 
als and  in  different  periods  of  life. 

ABNORMAL  URINE  COMPOSITION. 

There  are  some  substances  found  in  the  urine  under  abnormal  conditions 
the  exact  nature  of  which  and  the  means  of  discovering  them  being  discussed 
in  urinalysis:  Among  these  we  find  serum-albumin,  and  serum-globulin, 

haemi-albumoses,  peptones,  pepsin,  haemoglobin  and  fibrin,  the  latter  being 
identified  in  its  fibrillar  form  by  the  microscope.  In  addition  to  these  albu- 
minous substances,  sugar,  bile  pigments,  bile  salts,  mucin,  epithelium  from 
the  bladder  or  kidneys,  or  the  urinary  passages,  pus  cells  and  red  blood  cor- 
puscles may  be  found.  Corpuscles  may  be  detected  by  the  use  of  the  micro- 
scope. In  addition  to  these,  there  are  found  at  times,  casts  consisting  of 
cylinders  of  epithelial  cells  or  fibrinous  casts,  formed  out  of  matter  in  the 
lumen  of  the  tubules.  The  urine  may  be  milky  on  account  of  the  chylous 
matter  in  the  form  of  globules  present  in  it.  This  is  common  in  very  warm 
climates  and  said  to  be  due  to  parasites  in  the  blood.  Various  substances  such 
as  carbolic  acid,  salicylic  acid,  iodine,  bromine,  etc.,  may  be  found  in  the 
urine.  There  are  various  kinds  of  urinary  deposits,  the  exact  nature  of  which 
is  detected  by  the  use  of  the  microscope. 

(1)  These  are  found  in  connection  with  the  urine  when  acid,  for  ex- 
ample, uric  acid,  found  either  free  or  in  the  form  of  urates.  These  urates  are 
the  most  common  form  of  the  urinary  deposit,  forming  a heavy  precipitate 
when  the  urine  is  cold.  The  chief  urates  are  those  of  sodium,  potassium,  and 
ammonia.  In  addition  to  these  we  find  phosphates,  crystals'  of  oxalate,  lime, 
tyrosiu  and  leucin. 

(YT^CeFtain  deposites  are  found  in  connection  with  the  urine  when 
alkaline,  such  as  the  triple  phosphates  always  found  in  the  urine  when  atn- 
moniacal,  lime  phosphatesTacid  urate  of  ammonia,  which  is  always  found  in 
alkaline  urine. ~ 

(3)  In  addition  to  these  certain  forms  of  organized  deposits  are  found. 
Spermatozoa,  bacilli,  bacteria,  etc.,  may  be  detectecTby  the  microscope.  Mucus 
may  be  found  in  fiber  form  mingled  with  cells  of  epithelium  from  the  pelvis, 
bladder,  ureter  and  kidneys. 

Blood  may  be  found  in  the  urine  and  if  it  is  found  there  is  always  present 
albumin.  Various  forms  of  casts  may  also  be  found  in  the  urine  containing 
blood  corpuscles,  oil  globules  epithelial  cells,  etc.  The  chief  abnormal  consti- 
tuents of  urine  are  (al  albumin  giving  origin  to  albuminuria  aud  (b)  sugar, 
producing  diabetes.  The  different  forms  of  albumin  must  be  determined  by 
precipitation.  The  two  forms  however  in  which  they  appear  usually  are 
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serum-albumin,  and  serum -globulin.  The  sugar  found  in  diabetic  urine  is 
^dextroseiiuXQjm. 

SECTION  XIII—  Physiological  Characteristics  of  the  Urine 

and  its  Constituents- 

A large  quantity  of  water,  salts  and  nitrogenous  substances  is  separated 
by  the  kidneys.  If  an  animal  is  fed  upon  a flesh  diet  the  urine  is  clear  and 
acid,  very  abundant  in  urea,  phosphates  and  uric  acid.  If  the  diet  is  vegetable, 
as  in  the  herbivora,  the  urine  is  not  clear,  it  is  alkaline  in  reaction,  is  very  rich 
in  carbonates  and  poor  in  phosphates,  instead  of  uric  acid  being  hyppuric  acid. 
The  nature  of  the  diet  very  much  alters  the  urine;  hence,  if  the  diet  is  rich  in 
alkaline  salts  the  blood  is  rich  in  these  salts  and  this  influences  the  urine.  In 
the  case  of  a mixed  diet  the  urine  is  intermediate  in  character.  Of  the  water 
excreted  from  the  body  in  the  human  subject  about  40  per  cent  is  eliminated 
by  the  skin  and  lungs,  and  60  per  cent  by  the  kidneys.  If  the  diet  is  wholly 
or  almost  wholly  animal  flesh  the  amount  of  water  excreted  by  the  urinary 
system  is  increased  to  70  per  cent.  If  the  quantity  of  urine  is  increased  the 
amount  of  solid  matter  eliminated  will  also  be  increased,  urea  being  generally 
increased  from  3 to  4 per  cent.  If  the  supply  of  water  is  cut  off  from  the  bod- 
ily system  the  amount  of  urine  is  diminished  normally  about  one  fourth  to  one 
fifth.  In  the  case  of  the  use  of  drugs  that  are  quickly  dissolved,  the  substances 
in  solution  may  be  found  very  shortly  after  being  taken,  in  the  urine,  for  ex- 
ample, iodide  of  potassium. 

(1)  urea.  The  chief  organic  constituent  of  urine  is  urea,  N2  H4  CO 
It  is  generally  regarded  as  an  amide  of  carbonic  acid.  The  average  amount  of 
urea  excreted  in  24  hours  is  about  30  to  35  grams.  It  is  the  principal  nitrog- 
enous  waste  excreted'trom The  body.'  It  contains" about  46  per  cent  of  nitrogen 
and  contains  less  carbon  in  proportion  to  nitrogen  than  any  other  organic  sub- 
stance. the  result  of  proteid  oxidation.  If  we  know  the  amount  of  urea  se- 
creted in  a given  time,  we  can  estimate  the  amount  of  proteid  destroyed  in  the 
process.  The  quantity  of  urea  excreted  depends,  principally  upon  the  food  and 
its  nature.  When  an  animal  is  starved  the  amount  excreted  is  lessened,  grad- 
ually diminishing  until  a minimum  is  reached  before  death  takes  place.  The 
formation  of  urea  takes  place  in  the  liver  and  as  the  blood  in  the  renal  vein 
has  less  urea  than  the  blood  in  the  renal  artery,  it  is  said  that  no  urea  is 
formed  in  the  kidneys.  Even  after  the  kidney  is  extirpated,  urea  is  still  found 
in  large  quantities  in  the  blood.  It  is  brought  to  the  kidneys  for  excretion  in 
the  blood,  the  epithelial  cells  taking  it  out  of  the  blood  and  passing  it  to  the 
tubular  lumen  for  elimination.  Containing,  as  it  does,  N it  must  be  derived 
from  proteid  substances,  or  rather  from  the  albuminoid  tissue  elements  or  from 
nitrogenous  proximate  principles  of  the  food.  The  quantity  of  urea  excreted 
is  not  influenced  by  muscular  activity  but  is  distinctly  increased  when  a'  diet 
rich  in  albuminous  materials  is  taken. 

Hence,  it  is  concluded  (a'j  that  muscle  when  actively  working  does  not 
produce  nitrogenous  waste  and  that,  therefore,  its  contractile  activity  is  not  ac- 
companied by  oxidation  of  its  own  substance  in  the  form  of  N.  but  rather  by 
•the  burning  of  certain  carbonaceous  materials  that  are  deposited  in  the  muscle 
substances. 

(b)  A part  of  the  proteid  food  material  is  in  some  way  converted  into  urea. 
We  have  seen  that  the  trypsin  of  the  paucreatic  juice  converts  some  portions 
of  the  proteids  in  the  food  substance  into  leucin,  tyrosin,  etc.  When  leucin 
and  tyrosin  are  introduced  into  the  alimentary  canal  the  amount  of  urea  in  the 
urine  is  increased,  bht  no  leucin  appears  in  that  fluid.  There  is,  therefore, 
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good  ground  for  believing  that  the  leucin  formed  by  the  paucreatic  juice  in  the 
digestive  process  is  at  least  one  of  the  sources  of  the  urea  of  the  urine.  If  leu- 
cin is  present  in  the  alimentary  canal  it  will  doubtless  be  absorbed  and  carried 
to  the  liver  in  which  the  urea  is  found.  This  substance  is  not  present  in  the 
muscular,  nervous  and  glandular  tissues  of  the  body  aside  from  the  liver.  This 
leads  to  the  conclusion  that  one  of  the  functions  of  the  liver  and  also  of  the 
spleen  is  to  transform  leucin,  tyrosin,  etc.,  into  urea.  This  conclusion  is 
StVengthened  by  the  fact  that  in  acute  atrophy  of  the  liver,  a diseased  condi- 
tion, in  which  the  activity  of  the  hepatic  cells  is  seriously  interfered  with, 
the  urea  of  the  urine  is  replaced  by  leucin  and  tyrosin.  We  said  before  that 
muscle  does  not  by  its  contraction  increase  the  excretion  of  nitrogenous  waste 
but  the  corpuscles  which  compose  muscles,  as  well  as  those  fonnd  in  nervous 
glandular  and  their  tissues  are  the  centers  of  constant  metabolic  processes  in- 
volving changes  which  imply  the  formation  of  certain  waste  products  such  as 
kreatinin,  xanthin,  etc.,  which  are  to  be  regarded  as  resulting  from  the  chemi- 
cal changes  connected  with  the  existence  and  development  of  the  corpuscles. 
These  substances  are  more  or  less  readily  diff usable  and  will  be  carried  off  from 
the  tissues  by  the  blood  ultimately  reaching  the  kidneys,  but  the  urine  con- 
tains very  little  if  any  kreatinin.  It  was  once  held  that  the  renal  epithelium 
took  up  the  kreatinin  and  converted  it  into  urea,  excreting  it  as  such  in  the 
uriniferous  tubules  It  is  now  known,  however,  that  the  extirpation  of  the 
kidney  leads  to  the  accumulation  in  the  blood  not  of  kreatinin  but  of  urea. 
From  this  it  is  concluded  that  the  formation  of  urea  is  not  dependent  upon  or 
caused  by  the  activity  of  the  renal  epithelium.  As_we__liave  said,  there  are 
reasons  for  believing  that  the  liver  is  actively  engaged  in  th<?  formation  of  the 
nrpT  from  leucin . It  TsFgoncl tided  from  this  by  analogy  that  the  liver  also 

mnvprts  kreatinin  into  urea.  If  this  is  so,  then  the  urea  of  the  urine  has  a 
double  source,  being  derived  partly  from  kreatinin  formed  by  the  ordinary  chem- 
ical changes  taking  place  in  connection  with  muscles  and  other  tissues,  and 
partly  from  the  leucin  resulting  from  tryptic  digestion  of  the  proteid  food  stuffs. 
Both' the  kreatinin  and  leucin  according  to  this  would  be  changed  by  the  liver 
and  possibly  by  the  spleen  into  urea  and  the  function  of  the  renal  epithelium 
would  be  confined  to  gathering  up  the  urea  so  formed  from  the  blood  and  to  the 
excretion  of  it  into  the  uriniferous  tubules.  If  the  urea  and  other  forms  of  ni- 
trogenous waste  should  fail  to  be  separated  from  the  blood  as  we  find  in  cer- 
tain renal  diseases,  their  accumulation  in  the  blood  and  in  the  body  will  lea 
to  convulsions  and  other  symptoms  grouped  under  the  term  araetma.  Liebig 
defended  the  theory  of  the  derivation  of  urea  from  the  muscles.  .Muscular 
activity  he  believed  to  be  carried  on  at  the  expense  of  nitrogenous  substances 
eTlEer  taken  from  the  food  or  from  the ‘tissues.  "The  food  stuffs  he  regarded  as 
either  tissue  forming  or  heat-producing,  the  former  being  albumin  and  the  a - 
ter  carbohydrates  and  fats.  The  albuminous  matters  he  claimed  was  used  m 

tissue  upbuilding  and  in  the  production  of  muscular  activity.  I he  carD0“3 

drates  and  fats  by  oxidation  processes  were  converted  into  heat  in  couuectio 
with  the  formation  of  C 02  and  H2  O in  the  decomposition  of  nitrogenous 
matters  urea  and  uric  acid  are  formed  while  in  the  decomposition  of  non-im 
trogenous  matters  C 02  and  H2  O are  formed  If  Liebig  s theory  true 

muscular  activity  would  increase  the  amount  of  urea  and  uric  ac  . 
ous  experiments  have  been  made  to  test  this.  , 

Fick  and  Wislicenus  made  an  ascent  of  one  of  the  Sw'^  A'ps.  F 1 
most  a day  before  ascending  no  nitrogenous  food  was  taken,  after  "h,c“ 
spent  6 hours  in  ascending.  They  collected  the  urine  (a.)  prior  “ ' the S“; 
(b  ) during  the  ascent,  (c.)  6 hours  after  the  ascent,  and  (d.)  alter  taking 


PHYSIOLOGICAL  CHARACTERISTICS  OF  THE  URINE. 


275 


meal  of  nitrogenous  food,  and  (e.)  during  the  following  night.  The  work  ac- 
complished in  ascending  must  have  depended  either  upon  nitrogenous  food 
or  albumin  from  the  body.  By  estimating  the  work  done  and  the  energy  pro- 
duced by  the  albuminous  materials  it  was  found  that  less  than  1-2  of  the  ener- 
gy expended  represented  energy  from  the  albumin.  One  gram  of  proteid  is 
estimated  to  yield  1-3  gram  of  urea.  Part  of  the  proteid  nitrogen  assumes 
other  forms  as  uric  acid  and  kreatinin  so  that  we  cannot  acurately  determine  the 
proportion.  This  indicates  that  the  urea  did  not  correspond  in  any  sense  with 
the  wasts  of  the  muscles.  It  was  found  that  by  the  use  of  nonnitrogencus 
foods  there  was  a diminution  of  N excreted  both  during  the  ascent  aud  the 
period  of  rest  afkl  by  the  use  of  nitrogenous  food  the  amount  of  nitrogen  ex- 
creted increased.  The  amount  of  work  done  in  the  ascent  was  much  in  ex- 
cess of  the  nitrogenous  changes  measured  by  the  excretion  of  urea.  These 
muscular  changes  depend,  therefore,  upon  the  metabolism  of  carbohydrates 
and  fats  and  not  upon  the  changes  taking  place  in  connection  with  nitrogenous 
food  alone.  This  view  has  been  confirmed  by  others  who  have  shown  that 
muscular  exercise  involves  the  increase  of  CO2  ,a  fact  that  depends  upon  the 
use  of  carbohydrates  and  fats  in  connection  with  muscular  exercise.  In  addi- 
tion it  is  found  that  there  is  found  in  connection  with  the  muscles  only  very 
small  traces  of  urea.  This  amount  not  being  increased  by  muscular  effort  or 
exercise  and  no  increase  taking  place  in  the  amount  of  urea  circulating  through 
the  muscle.  These  points  seem  to  negative  the  theory  of  Liebig  as  to  the 
muscle  formation  of  urea  leaving  the  liver  as  the  chief  if  not  the  only  source 
of  urea 


Cyon  made  several  experiments  in  transfusing  blood  through  fresh  liver 
at  the  temperature  of  the  body  finding  an  increase  in  the  amount  of  urea  af- 
ter transfusion,  some  urea  may  have  been  washed  out  which  already  existed 
in  the  liver  but  even  in  this  case  some  must  have  been  formed  a§  there  was  an 
increase  from  .08  to  .176  grams  of  urea. 

Shroeder  experimented  upon  the  liver  of  a dog  when  fasting  and  durino- 
digestion.  He  found  that  in  the  former  condition  by  the  transfusion  of  blood 
no  urea  increase  was  found,  while  in  the  latter  condition  there  was  an  increase 
amouutiug  to  nearly  30  per  cent.  In  addition  to  this  it  has  been  found  that 
when  the  liver  becomes  atrophied  urea  disappears  altogether  from  the  urine. 
Liebig  concluded  that  in  the  dissociation  of  albumin  in  connection  with  the 
tissues  urea  was  formed.  Experiments  by  various  physiologists  have  nega- 
tued  this  theory,  the  amount  cf  urea  found  in  muscles  being  very  small  and 
muscular  activity  not  tending  to  increase  the  amount  of  urea.  The  amount  of 
carbonic  acid  is  increased  by  muscular  activity,  the  muscular  energy  being  de- 
rived from  the  nonnitrogenous  food  elements  more  largely,  than  that  derived 
from  nitrogenous  food  elements. 

How  is  the  urea  formed?  It  is  closely  connected  with  the  ammouia  group 
an  jy  the  process  of  hydration,  is  easily  changed  to  ammonia  carbonate.  It 
arises  from  the  proteids  by  hydrolysis  and  oxidation,  in  which  ammouia  com- 
pounds are  formed,  being  carried  to  the  liver  and  changed  to  urea. 

Drechsel  found  that  cobamic  acid  was  found  in  the  urine  of  dogs  and  that 
ammonium  carbonate  could  be  converted  into  urea  by  deprivation  of  a molecule 

invTn  thP  V°Khm\)h?re  are  t-hree  Processes-  O)  Oxidation  result- 

suftincr  lu  1 f Hf  (b)  *educt,ou  1U  the  loss  of  O and  (c)  dehydration  re- 

g-  the  KSS  °f  Wa^er’  the  result  being  theProduction  of  urea-  As  the 

du3niUlThaaI  h°nateuX1StS  u thue  b°dy>  he  Claims  that  in  this  way  urea  is  pro- 

creased  anAwm  by  rem?vmS  the  Kverof  dogs  the  urea  is  de- 

creased and  the  amount  of  carbonate  is  increased.  It  has  been  found  recently 
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that  the  amount  of  ammonia  in  the  blood  of  the  portal  vein  is  three  or  four 
times  that  in  the  arterial  blood,  normally.  It  is  claimed  that  these  ammonia 
compounds  are  converted  into  urea  in  the  liver  so  as  to  protect  the  arterial  em- 
ulation. If  the  liver  becomes  deranged  a large  amount  of  ammonia  is  found  in 
the  blood  and  produces  fatal  results.  This  amount  of  ainonia  seems  to  arise 
from  the  decomposition  of  proteids  in  the  stomach  glands  and  pancreas  during 
the  act  of  secretion.  The  ammonia  carbonate  arises  originally  from  the  pro- 
teids and  albuminoid  foods,  Drechsel  thinks  these  are  subjected  to  hydrolysis 
forming  leucin,  tyrosin,  etc.  These  substances  are  then  oxidized  in  the  tissues 
formiug  C02  , H2  O,  and  NH3  , the  CO2  and  NH3  uniting  to  form  ammonium 
carbonate  which  passes  to  the  liver  and  forms  urea.  This  forms  the  basis  of 
the  carbonate  theory  of  Drechsel  in  regard  to  the  formation  of  u^ea.  Urea  is 
found  even  after  the  liver  is  removed.  Some  of  the  ammonia  compounds 
found  in  other  body  tissues  may  be  changed  to  urea  in  other  parts  of  the  body, 
Drechsel  has  produced  urea  external  to  the  body  by  boiling  the  proteid  with 
an  acid.  He  used  hydrochloric  acid.  I11  order  to  maintain  the  hydrogen  evo- 
lution and  keep  out  O from  the  air  he  mixed  it  with  metalic  zinc.  In  this  de- 
composition he  found  lysatinin  wffiicli  w’hen  isolated  in  connection  with  bary- 
tau  water  produced  urea.  According  to  this,  urea  was  obtained  by  decomposi- 
tion and  as  the  lysatinin  is  found  in  the  body  it  is  possible  that  the  same  pro- 
cess goes  on  in  the  body  in  the  formation  of  urea.  In  addition  to  what  we 
have  said  as  to  the  formation  of  urea  in  the  liver,  it  is  found  that  in  the  case 
of  phosphorous  poisoning  the  amount  of  urea  is  greatly  decreased  and  that  by 
destroying  the  blood  corpuscles  and  freeing  haemoglobin  in  the  blood  the 
amount  of  urea  is  largely  increased. 

Noel-Paton  has  shown  that  the  bile  secretion  and  the  urea  formation  are 
directly  related  to  each  other.  Therefore,  he  concludes  that  the  chief  source 
of  urea  formation  is  the  destruction  of  the  red  blood  corpuscles  in  the  liver  and 
in  the  spleen. 

(2.)  URIC  acid.  It  is  found  constantly  in  the  urine  but  in  smaller  quanti- 
ties than  the  urea.  It  is  closely  allied  to  urea  and  is  a result  of  the  same  met- 
abolic changes.  It  is  a more  complex  substance 'than  the  urea,  one  of  the  uric 
acid  molecules  dividing  into  two  molecules  of  urea  and  oxalic  acid.  Next  to  urea 
th£  most  important  element  in  the  urine  is  the  uric  acid,  about  . 5 to  1 gram  per  day 
normally,  chiefly  in  combination  with  kreatinin  and  xanthin  are  excreted.  In 
birdsand  reptiles  it  is  the  chief  nitrogenous  element  taking  the  place  of  urea  as 
the  chief  product  of  proteid  metabolism.  I tus  probably  produced  in  the  same  way 
as  urea  as  it  is  increased  by  a diet  rich  in~aTbuminous  materials.  It  occurs  in 
suiTLsnialT  cittantitres  rn'the- huinan_.subj.ect' that  it  nas  noFbeen  investigated  as 
yet.  It  is  sometimes  regarded  as'an  Intermediate  stage  in  the  metabolic 
chlfhges  in  the  proteids  which  immediately  preceeds  urea.  It  has  been  sug- 
gested that  on  account  of  the  close  relation  of  uric  acid,  to  xanthine  and  hypo- 
xanthine  the  uric  acid  is  produced  from  these  by  oxidation. 

Harbacewaky  has  shown  this  in  the  lymphoid  tissue  including  the  spleen, 
there  is  a substance  from  which  uric  acid  is  formed.  He  thinks  that  uric  acid 
represents  a product  of  metabolism  in  connection  with  white  blood  corpuscles, 
as  urea  does  in  the  case  of  red  blood  corpuscles.  The  close  affinity  of  uric 
acid  and  urea  is  brought  out  by  the  fact  that  uric  acid  takes  the  place  of  urea 
in  birds  and  reptiles  and  is  produced  in  the  liver.  If  the  kidneys  are  removed 
in  the  case  of  birds,  uric  acid  accumulates  in  the  blood  indicating  that  the  kid 
neys  do  not  produce  the  uric  acid.  The  removal  of  the  liver,  however,  leads 
to  the  diminution  of  uric  acid,  ammonium  sal t s ta k i ng  its.  pi ace . From  this  it 

is  concluded  that  the  proteid  metabolism  produces  ammonium  salts  which  are 
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carried  by  the  liver  and  therefore  transformed  into  uric  acid.  Uric  acid  can  be 
produced  from  urea  and  glycocol.  In  the  human  subject  ammonium  salts  are 
found  in  the  urine  in  cases  of  liver  atrophy  and  phosphorous  poisoning. 

In  certain  physiological  conditions  such  as  fevers  and  leucocythemia  there 
is  an  increase  of  uric  acid1  This  last  confirming,  the  view  of  the  formation  of 
uric  acid  in  connection  with  the  white  blood  corpuscles.  In  human  urine  it 
exists  not  as  a tree  acid  but  as  an  acid  salt  in  combination  with  potassium  and 
sodium,  ammonium  and  calcium.  These  salts  are  soluble  in  urine  but  when 
the  urine  cools  they  deposit  as  urates,  later  forming  the  uric  crystals.  Closely 
connected  with  uric  acid  we  find  several  nitrogenous  substances  with  the  xan- 
thine family  which  are  found  in  the  urine  in  very  small  quantities.  They  rep- 
resenting a certain  amount  of  proteid  metabolism,  but  what  amount  or  what 
kind  of  metabolism  they  represent  is  not  yet  known.  If  uric  acid  accumu- 
lates in  the  system  it  may  give  rise  to  gout  or  when  excessively  found  in  the 
urine  may  form  renal  or  vesical  calculi. 

In  connection  with  the  waste  of  nervous  and  muscular  tissue  kreatin  is 
formed.  Closely  related  to  it  is  kreatinin  which  is  formed  in  the  kidneys 
being  always  present  in  the  urine.  Kreatinin  is  not  formed  in  the  blood  so 
that  the  change  from  kreatin  to  kreatinin  does  not  take  place  in  the  blood  so 
that  it  is  probably  transformed  in  the  kidneys  or  at  least  in  the  urine  as  it  is 
collected  in  the  kidneys  Kreatinin  occurs  in  arine  in  the  human  subject  to 
the  extent  of  about  one  gram  daily.  It  is  closely  connected  with  kreatin,  be- 
ing kreatin  in  hydrated  form  which  is  a constant  element  in  muscle,  being  sep- 
arated from  muscle  food  and  eliminated  as  kreatinin.  It  is  partly  derived  from 
muscle  food  and  partly  from  metabolism  in  the  body  tissues.  Urea  is  not 
found  in  connection  with  the  muscles,  while  kreatin  occurs  in  large  quantities, 
this  large  quantity  being  transformed  according  to  some  into  urea  and  also  into 
kreatinin.  Hyppuric  acid  is  found  in  place  of  uric  acid  in  the  urine  of  herbi- 
vora.  Hyppuric  acid  is  a benzoil  ainido  acetic  acid.  It  is  always  found  in 
very  small  quantities  in  human  urine  to  the  extent  of  .5  grams  daily.  If  a veg- 
etable diet  is  used  this  amount  is  increased.  If  benzoic  acid  is  fed  to  animals 
hyppuric  acid  is  found  in  the  urine,  the  benzoic  acid  uniting  with  glyceral  in 
the  kidneys.  The  vegetables  yield  benzoic  acid,  and  hence  the  increase  of 
hippuric  acid  in  the  urine.  The  small  quantity,  however,  found  in  the  urine 
normally,  must  arise  from  the  proteid  metabolism  probably  as  a product  of 
proteid  decomposition,  especially  in  the  proteid  putrefaction  in  the  large  intes- 
tine In  addition  to  these,  sulphur  is  excreted  in  the  urine  in  the  form  of 
ethereal  salts  with  compound  aromatics.  Phenol,  indol,  skatol  and  cresol  are 
formed  in  the  large  intestine  in  connection  with  the  decomposition  process,  part 
of  these  being  eliminated  in  the  faeces  and  part  in  the  blood  absorption  being 
carred  through  the  liver  where  they  are  united  with  sulphuric  acid  forming 
sulphates  which  are  excreted  in  the  urine.  Tyrosin  is  also  occasionally  present 
in  the  urine.  (3)  The  aromatic  substances  of  urine  are  absorbed  from  the 
small  intestine  and  excreted  through  the  kidneys.  These  arise  from  the  decom- 
position taking  place  in  albuminous  materials  in  connection  with  the  pancre- 
atic juice.  I11  constipated  conditions  they  are  found  in  the  urine  on  account 
of  the  large  increase  in  the  system.  Urobilin  found  in  the  urine  is  derived 
from  biliruben  which  results  from  the  haemoglobin  decomposition  in  the  liver. 
Indican  is  probably  derived  from  indol  which  arises  from  the  putrefaction  tak- 
ing place  in  the  large  intestine  under  the  influence  of  a micro -organic  ferment 
The  saline  matters  depend  upon  the  salts  in  the  food.  • The  chloride  of  sodium 
is  the  necessary  element  in  the  urine  excretion.  If  it  is  withdrawn  from  the 
food  supply  the  amount  excreted  is  diminished  and  a miuimun  quantity  con- 
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tiuues  to  be  excreted  till  death  results.  Phosphates  are  derived  from  the  food 
elements  and  from  the  tissue  metabolism.  Sulphates  arise  from  the  albumin- 
ous decomposition. 

Various  physiological  phenomena  have  a bearing  upon  the  urine.  In  the 
case  of  a child,  the  amount  of  urine  is  much  larger  in  relative  proportion  to 
size-  also  a larger  proportion  of  urea  and  salts.  In  old  people,  the  amount  of 
urine  is  decreased  and  the  solid  substances  are  also  diminished.  The  male  ex- 
cretes more  urine  than  the  female  and  the  male  urine  is  more  fully  supplied 
with  solids.  During  sleep  the  urine  accumulates,  being  more  solid  and  having 
more  of  the  pigments  and  acids.  The  excretion  in  connection  with  the  skin 
uses  up  more  of  the  water  so  that  the  solid  matters  are  increased.  The  phos- 
phates being  increased  and  the  other  solid  substances  decreased.  During 
pregnant  conditions  the  urine  becomes  deeply  colored  and  manifests  a greater 
density  due  to  the  presence  of  triple  phosphate  crystals,  particles  of  fat  and 
fungus  organisms. 


SECTION  XIV— Mechanism  of  the  Excretion  of  Urine. 

The  kidney  is  a compound  tubular  gland  the  ultimate  terminations  of  the 
tubules-  the  glomeruli  being  lined  by  a layer  of  single  squamous  epithelium 
while  the  other  parts  of  the  glandular  tract,  for  example,  the  convoluted  tubes 
have  an  epithelium  which  is  much  more  distinctly  of  a glandular  character 
and  which,  from  the  shape  and  appearance  of  its  cells  we  should  expect  to  be 
engaged  in  the  separation  of  materials  from  the  blood.  The  blood  reaches  the 
kidneys  through  the  renal  artery  immediately  upon  the  arterial  system,  .the 
branches  of  which  pass  into  the  substances  of  the  kidney  and  by  dividing  ul- 
timately form  the  afferent  vessels  to  the  glomerulio.  In  each  glomerulus,  the 
afferent  vessel  breaks  up  into  capillary  loops  which  being  reuniting  from  the  ef- 
ferent vessel.  This  being  of  smaller  calibre  the  afferent;  hence,  the  blood  in 
the  glomerulus  is  at  a considerable  pressure  andthe  rate  of  the  flow  is slow , . 
Under  the  influence  of  this  pressure  water  containing  highly  soluble  and  dif- 
fusible salts  in  solution  filters  through  the  walls  of  the  capillary  loops  of  t le 
glomerulus  and  the  epithelium  covering  the  glomerulus  into  the  Bowman  s 
capsule  From  thence  it  passes  into  the  uriniferous  tubules.  The  efferent 
vessel  after  leaving  the  glomerulus  breaks  up  into  capillaries  which  are  dis- 
tributed over  the  surface  of  the  convoluted  tubules  and  it  is  believed  that  the 
large  epithelial  cells  in  these  tubules  extract  from  the  blood  m the  capillaries, 
certain  substances,  the  nitrogenous  matters  and  perhaps  also  pigments  and  ex- 
ere  e them  into  the  uriniferous  tubules.  As  the  blood  passes  through  the 
organs  certain  matters  are  lost  which  constitue  the  urine  which  after  secretion 
taTtae ktdneys  is  transferred  by  the  ureters  .0  the  bladder.  Thrs  -vas  e may 
take  place  by  a transudation  from  the  blood  by  the  active  secretion  of  the  epi- 
thelial cells  or  by  both  of  these  processes.  T hej3rocess_of^ecxetiou  is  depen- 
dentnpon  blood  pressure.  Increase  in  blood  pressure  on  .during  an  increased 
secretion  TFTEerenal  circulationbeconies  too  slow  indicating  a great  fall  m 
Wood  pressure  the  secretion  is  arrested.  Severe  loss  of  blood  decreases  the  se- 
cretiofi  the  increase  of  aortic  pressure  causing  an  increase  and  the  decrease 
a or  tic  p res  sure”  a decrease  of  the  secretion.  Hence,  that  process  by  which  the 
urine  is  separated  from  the  blood  by  the  kidneys  may  be  said  to  consist  of  two 
parts  CO  A filtration  process  in  Bowman’s  capsule  by  which  a large  q^utOy 
of  water  with  certain  solid  salts  in  solution  is  rapidly  removed  from  f lie  1 ilotxl 
FA  true  excretory  process.  The  epithelium  of  the  convoluted  tubules  b> 
its  4al  activity  separates  nitrogenous  and  other  matters  with  some  water  fr 
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the  blood.  The  process  of  filtration  must  necessarily  be  dependent  upon  and 
musTlargely  be  influenced  by  the  blood  pressure  in  the  smaller  arteries,  in  the 
kidneys,  for  the  flow  of  urine  ceases  when  the  pressure  in  the  uriniferous 
tubules  is  greaterythan  the  pressure  in  the  blood  vessels,  tor  example,  when 
the  ureter  is  ligature<L  If  the  pressure  in  the  renal  artery  is  decreased  the 
urine  secretion  is  diminished. " The  rate  of  secretion  depends  upon  the  differ- 
ence in  pressure  between  the  renal  arteries  and  the  urinary  tubules.  The  se- 
cretion is  dependent  upon  the  difference  in  pressure  between  the  vessels  of  the 
kidneys  and  the  ureter.  By  the  increase  of  pressure  in  the  kidney  the  uriue 
secretion  is  increased.  The  filtration  process  is  not  to  be  regarded  as  identical 
with  ordinary  filtration  through  dead  materials,  for  the  cells  of  the  capillary 
walls  and  those  of  the  epithelium  covering  the  glomeruli  undoubtedly  exercise 
some  influence  in  determining  what  substances  shall  pass  through  them.  On 
the  other  hand,  the  secretory  process  is  only  influenced  in  a secondary  degree 
by  the  blood  pressure, ’Being  dependent  on  the  activity  of  the  cells  lining  the 
convoluted  tubules  and  these  cells  are,  as  far  as  known,  stimulated  to  their 
activity  by  various  substances  contained  in  the  blood.  The  condition  of  the 
blood  influences  the  secretion.  The  Malpighain  bodies  are  so  arranged  struc- 
turally that  the  pressure  in  the  glomeruli  is  great  and  the  blood  flow  is  slow. 
Thus,  the  water,  salts  and  albumin  will  be  separated  from  the  blood  by  filtra- 
tion and  collected  in  Bowman’s  capsule.  An  increase  in  the  amount  of  water 
used  for  example,  by  profuse  drinking,  increases  the  excretion  of  water  by  in- 
creasing the  blood  pressure.  The  pressure  theory  of  itself  is  insufficient  to 
account  for  the  secretion.  While  the  blood  is  alkaline,  the  uriue  in  the  human 
subject  is  acid.  There  is  also  a larger  proportion  of  urea  and  salts  in  the  urine 
than  in  the  blood.  Certain  of  the  substances  found  in  the  urine  are  not  found 
in  the  blood  for  example  kreatinin,  as  the  urine  differs  in  its  character  from 
the  blood,  it  cannot  be  simply  a transudation  from  the  blood.  If  the  renal 
vein  is  compressed  or  ligatured,  the  pressure  in  the  glomeruli  will  be  increased 
but  the  amount  of  urine  will  be  lessened  According  to  Ludwig  the  blood 
pressure  causes  the  transudation  of  the  blood  plasma  through  the  capillary 
walls  of  the  glomeruli.  After  this  the  fluid  is  brought  into  contact  with  the 
epithelial  lining  of  the  tubules  and  into  connection  with  the  lymph  around  the 
tubules,  the  water  is  then  reabsorbed  by  the  lymph  and  also  into  the  blood 
capillaries. 

If  we  take  account  of  the  glandular  character  of  the  epithelium  of  the 
tubules  and  assume  that  the  cells  are  active  then  we  can  account  for  the  dif- 
ference between  the  urine  and  the  blood  as  to  the  matters  found  in  the  two 
fluids  especially  the  fact  that  certain  substances  are  found  in  the  urine  that 
are  not  found  in  the  blood.  Certain  substances  are  found  in  the  cells  indicat- 
ing the  cell  activity,  for  example  the  crystals  of  uric  acid.  It  seems  to  be  not 
so  much,  a question  of  blood  pressure  as  of  the  velocity  of  the  blood  flow  to- 
gether with  the  existence- -of  certain  smbstances  such  as  O,  urea,  and  the  salts, 
which  assists  the  secretory  process  by  acting  within  the  cells.  The  rapid  rate 
of  the  flow  assists  in  the  secretion  of  the  urine  by  bringing  these  substances 
into  close  contact  with  the  cells  and  inducing  activity  upon  the  part  of  the 
cells.  The  secretory  process,  therefore,  takes  place  in  connection  with  the 
cells,  urea,  uric  acid,  and  salts,  being  first  secreted  in  these  cells,  these  being 
washed  out  by  the  water  which  is  filtered  in  connection  with  the  glomeruli. 
The  cell  activity,  however,  in  reference  to  these  substances  depends  upon  the 
rapidity  of  the  blood  flow  and  upon  the  amount  of  water  found  in  the  blood. 
An  increase,  therefore,  of  the  water  or  of  the  velocity  of  the  blood  flow  will 
increase  the  urine  secretion.  The  blood  pressure  in  the  small  vessels  of  the 
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kidney  will  be  increased  (i)  by  the  general  increase  of  blood  pressure  due  to 
the  increased  force  or  frequency  of  the  cardiac  contractions  or  to  the  contrac- 
tions’of  the  smaller  arteries  all  over  the  body.  (2)  By  the  contraction  of  the 
small  arteries  in  reigous  outside  of  the  kidneys,  for  example,  the  skin,  the  in- 
testines, etc.  (3)  By  the  relaxation  of  the  renal  artery  or  its  main  branches. 
The  opposite  conditions  will  of  course,  diminish  the  blood  pressure  in  the 
smaller  renal  vessels. 

SECTION  XV-  Innervation  of  the  Kidneys- 

The  actions  and  influences  of  the  central  nervous  system  upon  urine  secre- 
tion and  excretion  is  not  well  known,  as  very  little  investigation  has  been 
made  in  connection  with  the  minute  nerve  connections  of  the  kidneys.  The 
exact  nervous  tracts  along  which  particular  impressions  travel  to  the  vessels  of 
the  kidney  are  not  definitely  known.  The  .nerves,  lo-the  kidneyxome  from  the 
renal_plexuses  and  the  smaller  splanchnics.  Some  fibers  have  been  followed 
into  the  papillae.  THe’section  of  the  spinal  cord  below  the  medulla  lessens  or 
causes  to  cease  altogether  the  flow  of  urine.  This  is  probably  due  to  the  great 
fall  of  blood  pressure  produced  in  the  vessels  of  the  kidneys  in  connection  with 
vaso-motor  paralysis.  If  the  lower  end  of  the  cord  after  division  is  stimulated 
the  blood  pressure  rises  in  the  vessel  of  the  kidney  as  well  as  the  body  gener- 
ally, and  the  urine  secretion  is' increased.  The  higher  centers  have-  an  influ- 
ence upon  the  urine  secretion  and  excretion.  Hmotional  conditions  increase 
botli~TfaFCgecretion~  and  the  excretionT  The  ‘‘central  source  of  the  renal 
nervels7ound  in“the  floor  of  the  4th  ventricle  close  to  the  vagi  roots.  If  the 
medulla  is  punctured  in  this  region  the  amount  of  urine  is  increased  and  it  is 
found  to  contain  albumin  and  blood-serum.  The  section  of  the  renal  nerves 
leads  to  polyuria  and  the  specific  gravity  of  the  urine  becomes  lessened.  The 
same  result  to  a less  degree  follows  the  section  of  the  splanchnic  nerves,  a fact 
to  be  explained  in  connection  with  the  dilatation  of  the  renal  artery.  The 
splanchnic  contains  the  fibers  of  the  vaso-motor  nerves  from  the  1st  dorsal. 
The  renal  vessels  and  those  in  the  intestines  become  paralyzed.  On  the  other 
hand,  stimulation  of  the  distal  portion  of  the  divded  splanchnic  nerve  causes 
contraction  of  the  renal  artery  and  a diminution  or  complete  arrest  of  the  flow 

of  urine.  . . . 

The  kidney,  like  the  spleen,  is  subject  to  rythmic  variations.  The  kidney 
diminished  in  size  when  the  renal  arteries  contract  increasing  when  the  vessel 
calibre  increases.  The  tracings  that  mark  the  increase  in  the  renal  volume 
indicate  that  the  changes  follow  the  respiratory  and  cardiac  pulsations.  Vaso- 
motor action  influences  the  change  in  the  size  of  the  kidney,  for  example,  an 
excessive  supply  of  blood  to  the  vaso-motor  center  area  produces  vaso-motor 
stimulation,  causing  diminution  in  the  volume.  There  are  no  vaso-dilator 
fibers  to  the  kidneys  as  the  stimulation  of  the  splanchnic  branches  of  the  sym- 
pathetic causes  diminution  in  the  renal  volume.  There  is  an  intra-renal  uei- 
vous  arrangement,  although  it  is  not  as  yet  completely  understood.  If  water 

and  urea  are  injected  into  the  blood  there  is  a contraction  of  the  kidneys  fol- 
lowed by  dilitation.  The  same  results  follow  when  all  nervous  connection  is 

cut  off  from  the  central  nervous  system.  . , 

Mosso  in  his  experiments  introduced  the  actheter  into  the  bladder  and 
connecting  it  with  a recording  instrument  to  discover  the  volume  of  the  blad- 
der He  found  that  the  bladder  could  be  entirely  emptied  without  the  use  oi 
the  abdominal  muscles.  He  claims  that  the  feeling  of  fullues  and  the  desire 
to  urinate,  results  from  the  stimulation  produced  by  the  presence  and  pressure 
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of  the  urine.  The  bladder  is  very  sensitive,  constant  changes  taking  place 
under  reflex  stimulation,  the  pressure  of  the  bladder  depending  on  reflex 
stimulation  as  much  as  on  the  amount  of  urine  present.  It  is  this  that  causes 
the  desire  to  urinate  under  psychic  influences.  This  may  pass  away  by  the 
action  of  the  sphincter  urethrae  until  some  new  reflex  stimulation  produces 
this  desire  to  urinate  again.  The  longitudinal  and  the  circular  coatings  of  the 
bladder  have  distinct  nervous  connection.  If  stimulation  is  applied  to  the 
sacral  nerve  branches  it  produces  strong  vesical  contractions  of  the  longitudinal 
coating  in  the  case  of  the  dog.  If  the  sacral  nerves  are  stimulated  on  the  one 
side  there  is  a contractions  of  the  bladder  only  upon  one  side.  This  has  led  to 
the  conclusion  that  the  longitudinal  coating  of  the  bladder  is  regulated  by  the 
sacral  nerves.  If  the  hypogastric  nerves  which  have  fibers  from  the  dorsal 
and  upper  lumbar  region  of  the  cord,  are  stimulated,  it  produces  vesical  con- 
tractions chiefly  in  connection  with  circular  fibers  at  the  neck  of  the  bladder. 
Thus,’  it  is  concluded  that  the  hypogastric  nerves  regulate  the  circular  fibers  in 
mntrgpting  tn  fp-acuate  the  bladder.  Micturition  when  viewed  in  general 
seems  to  be  purely  voluntary.  By  voluntary" action 'the  bladder  muscle  tibers 
become  contracted,  relaxing  the  sphincter  exterus  by  the  inhibitoin  of  the 
spinal  center,  contracting  the  abdominal  muscles  and  the  ejaculator  urinae 
mqgcles.  resulting  in  the  distraction  of  urethral  resistance  and  the  flow  of 
urine.  This,  however,  does  not'explain  certain  facts  in  connection  with  mic- 
turition. (1)  In  the  case  of  the  dog  when  the  lumbar  region  of  the  spinal 
cord  has  been  entirely  severed  from  the  dorsal  region,  micturition  is  not  des- 
troyed. There  is  no  voluntary  effort  in  this  case.  All  the  micturition  process 
therefore,  must  take  place  reflexly.  When  the  bladder  is  filled  stimulation 
applied  mechanically  to  the  abdominal  walls  or  to  the  anus  will  completely 
empty  the  bladder.  The  ejaculatory  muscles  contracting,  producing  rythmical 
increase  in  the  flow  of  urine.  This  has  led  to  the  conclusion  that  there  is  a 
center  of  micturition  in  the  lumbar  reigon  of  the  spinal  cord  subject  to  stimu- 
lation. This  center  in  the  human  subject  is  found  also  in  the  cord  above  the 
center  that  regulates  the  genitals.  That  this  center  is  one  of  reflex  action  has 
been  proved  in  connection  with  the  bladder.  The  bladder  pressure  is  subject 
to  great  changes.  Not  only  do  we  find  changes  in  pressure  accompanying  the 
respiratory  action  but  we  also  find  active  variations  produced  refle'xly  causing 
sufficient  stimulation  to  evacuate  the  bladder.  (2)  When  the  urethra  is  ob- 
structed  so  that  the  full  bladder  does  not  produce  sufficient  stimulation  to 
empty  it,  there  are  found  numerous  and  powerful  contractions  of  the  vesical 
Walls  which  are  purely  involuntary.  These,  while  insufficient  to  empty  the 
bladder,  produces  great  pain  sometimes.  As  the  tension  increases  the  fibers 
become  more  actively  contracted.  In  thi.Away  tne  "Simple  distention  of1  the 
bladder  aside  from  any  involuntary  effort  may  give  rise  to  strong  "con fractions 
sufficient  usually  to  empty  the  bladder,  but  in  cases  of  obstruction,  insufficient 
to  empty  the  bladder  but  producing  rythmical  contractions.  From  ihis  it  is 
concluded  that  micturition  is  not  purely  voluntary . In  confirmation  of  this  it 
is  found  that  micturition  is  involuntary  in  certain  abnormal  conditions  where 
the  spinal  cord  is  paralyzed  or  injured  in  some  way.  THe~same  Is  true  of  mic- 
turition  resulting  reflexly  from  sensory  stimulation.  Theaffereht  impulses  in 
this  case  pass  to  the  center  in  the  spinal  cord.  The  same  thing  is  true  in  the 
case  of  emotions  producting  micturition.  In  both  cases  the  impulses  pass  from 
the  brain,  along  spinal  nerves  to  the  spinal  centers,  producing  micturition 
reflexly  through  the  micturition  center.  Thus,  the  action  is  not  direct 
upon  the  bladder  walls  but  reflex— through. the  micturition  center.  This 
idea  is  not  disproved  by  the  fact  that  when  the  bladder  is  paralyzed 
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this  is  taken  as  the  symtorn  of  cerebral  or  spinal  diseased  conditions. 
The  real  reason  is  the  effect  produced  upon  the  micturition  center, 
either  destroying  its  action  or  weakening  its  force.  In  cases  in  which  we  find 
an  irregularity  in  micturition  particularly  in  children,  the  cause  is  to  be  sought 
in  the  excitement  on  the  reflex  center  in  the  spinal  cord,  under  slight  stimula- 
tion, where  incontinence  arises  in  connection  with  spinal  or  cerebral  diseased 
conditions,  it  depends  upon  the  weakening  of  the  activity  of  the  apinal  centers, 
so  that  instead  of  a complete  emptying  of  the  bladder  there  is  a constant  drip- 
ping of  the  urine.  The  spinal  nerve  center  or  centers  that  regulate  the  inner- 
vation of_the  bladder  are  situateflTnTthe  lumbar  region  o i the  spinal  cord. 

— According  to  Goltz  between  the  2d  and.  5m  lumbar  nerves,  ttte  sensory 
fibers  from  the  bladder  and  urethra  pass  into  the  cold  through  the  posterior 
roots  of  the  1st,  2d,  3d,  4th,  and  5th  chiefly,  the  2d  and  3d,  spinal  nerves  in 
sacral  region.  If  these  fibers  are  stimulated  they  excite  reflexly  the  motor 
fibers  to  the  bladder  in  the  anterior  roots  of  the  3d  and  3d,  spinal  nerves. 

The  motor  nerves  regulating  the  muscles  of  the  urethra  and  the  Sphinc- 
ter urethrae  leave  the  cord  through  the  anterior  roots  of  the  2d,  and  4th  spinal 
nerves  in  the  sacral  region.  The  bladder  gets  motor  fibers,  according  to  Langly 
from  the  fibers  of  the  2d,  3d,  4th,  and  5th  lumbar  nerves,  passing  to  the  blad- 
der through  the  sympathetics,  hypogastrics  and  inferior  mensenteric  ganglia  and 
also  from  the  2d  and  3d  spinal  nerves  in  the  sacral  region.  The  stimulation  of 
the  former  produces  a weak  and  of  the  latter  a strong  contraction  of  the  blad- 
der. This  center  in  the  lumbar  region  of  the  cord  is  connected  with  the  cere- 
brum by  fibers  which  are  inhibitory.  It  is  said,  also  by  some  that  nerve  fibers 
pass  immediately  from  the  brain  through  the  cord  to  the  sphincter  urethrae, 
bringing  it  under  the  control  of  the  will.  Some  sensory  fibers  reach  the  blad- 
der through  the  hypogastric  nerves?  the  stimulation  of  these  resulting  in  the 
reflex  stimulation  of  the  motor  fibers  in  the  other,  hypogastric,  resulting  in 
the  contraction  of  the  bladder  the  reflex  taking  place  through  the  inferior  mes- 
enteric ganglion.  Here  we  have  a peripheral  ganglion  acting  as  a reflex  cen- 
ter. When  the  urine  is  voluntarily  voided  this  higher  center  sends  down  im- 
pressions to  the  voluntary  muscles  which  control  the  sphincter.  Others  say 
that  impulses  from  the  higher  centers  must  pass  through  the  spinal  center. 
There  are  also  vaso-constrictor  fibers  but  their  course  and  action  are  unknown. 

It  the  spinal  cord  is  injured  procucing  irritation  higher  than  the  lumbar  cen- 
ters the  distension  of  the  bladder  takes  place,  the  urine  being  retained,  some- 
times passing  from  the  urethra  by  drops.  When  micturition  is  voluntary  a a lit- 
tle urine  passes  into  the  urethra  arousing  sensory  stimulation  which  excites 
thb^lphlarcenlers:  This  spinal  center'  is  constantly  active  normally  securing 

the  firm  closure  of  the  neck  of  the  bladder  and  preventing  the  escape  of  l he 
urine.  When  the  sensory  impulses  reach  the  center  it  is  inhibited  and  as  a 
result  the  neck  of  the  bladder  yields  the  impulses  from  the  center  being  con- 
veyed to  the  bladder  and  the  abdominal  muscles  resulting  in  micturition. 
Similarly,  certain  psychic  influences  from  the  brain  affect  micturition  under 
the  control  of  the  will,  although  it  is  objected  to  this  psychic  influences  that  it 
seems  to  overbear  the  normal  tonic  condition  of  the  spinal  center.  It  is  in  this 
way  explain  influences  coming  to  the  spinal  center  from  any  part  of  the  body 
affecting  micturition,  and  producing  micturition  involuntary  ejection  of  the 
urine. 

SECTION XVI-  Micturition-. 

The  excretory  organs  consist  of  the  ureters,  the  bladder  and  the  urethra. 
The  urine  is  being  continuously  separated  from. the  blood,  being  secreted  cou- 
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tinuously-  There  may  be  variations  in  the  flow  in  normal  conditions  but  it 
never  ceases  as  the  suspension  of  renal  activity  results  in  the  urine  suppression 
and  produces  death  quickly.  Small  currents  pass  along  the  tubules  that  col- 
lect the  urine,  these  currents  passing  from  the  orifices  of  the  excretory  tubules 
into  the  calices  and  are  collected  in  the  renal  pelvis.  It  is  then  carried  along 
the  ureters  partly  by  pressure,  partly  by  the  force  of  gravity  and  partly  by 
peristaltic  contractions  of  the  muscular  walls  of  the  ureter  and  is  then  dis- 
charged into  the  bladder.  It  is  then  ejected  from  the  bladder  through  the 
urethra.  When  collected  in  the  bladder  its  regurgitation  into  the  ureter  is 
prevented  by  the  oblique  manuer  in  which  these  tubules  perforate  the  walls  of 
the  bladder  and  by  the  small  valves  formed  by  the  vesicle  mucous  membrane 
at  the  orifice  of  each  ureter. 

If  one  of  the  ureters  in  the  living  animal  is  laid  open  and  subjected  to 
stimulation  at  a point  along  its  path  peristaltic  waves  may  be  seen  originating 
at  the  point  of  stimulation  and  passing  to  the  kidney  and  the  bladder.  Even 
when  there  is  no  stimulation  applied  artificially  there  are  waves  peristaltis 
sometimes  regularly  and  sometimes  irregularly,  these  peristaltic  contractions 
all  moving  in  one  direction  from  the  kidney  towards  the  bladder  the  force  and 
frequency  of  these  contractions  depending  upon  the  urine  excretion  and  secre- 
tion. That  these  contractions  do  not  depend  upon  the  presence,  or  action  of 
urine,  however,  may  be  shown  by  the  fact  that  these  contractions  occur  when 
the  kidneyTihd  ureter  have  been  taken  out  of  the  body.  These  contractions 
seem  to  be  of  a muscular  character  and  also  rythmic  originating  in  the  muscu- 
lar coating  of  the  ureter  just  as  we  found  the  muscular  cantractions  of  the 
heart.  These  do  not  depend  upon  nervous  connections  as  when  a portion  of 
the  ureter  is  entirely  isolated  at  the  center  of  the  ureter  in  which  no  nerve  con- 
nection exists,  these  contractions  are  found  to  take  place..  While,  these  con- 
tractions are  not  caused  by  the  urine  secretion,  they  occur  with  greater  fre- 
quency when  the  urine  secretion  is  active,  indicating  that  the  degree  of  peris- 
talsis of  the  renal  pelvis  and  the  ureter  depends  upon  the  secretion  of  the 
urine. 

Tbera.are  three  layers  in  the  walls  of  the  ureter,  the  intimia  consisting  of 
a mucous  coating  inside  of  which  is  a muscular  coating  and  outside  a fibrous 
coating;  connective  tissue  fibers  constitute  the  tunica  propria  of  the  mucous 
membrane  in  the  midst  of  which  are  found  cellular  elements,  the  tunica  propria 
passing  into  a submucous  coat.  The  tunica  propria  is  covered  with  stratified 
tesselated  epithelium  In  the  pelvic  portion  of  the  kidney  there  are  racemose 
glands  and  also  in  the  upper  portion  of  the.  ureter.  The  muscular  layer  con- 
sists of  two  fiber  coatings,  the  external  being  circular  and  the  internal  longi- 
tudinal. In  the  lower  portion  of  the  ureter  there  is  a third  layer  outside  of 
the  other  two,  consisting  of  longitudinal  fibers.  The  same  layers  are  found  in 
the  bladder.  Small  racemose  glands  are  found  in  the  tunica  propria  of  the 
fundus.  The  muscular  coating  consists  of  an  internal  and  external  layer  of 
longitudinal  fibers  with  a middle  layer  of  circular  fibers  between  them. 

Nerve  fibers  pass  to  the  muscular  fibers  of  the  pelvis  and  ureter  and  in  the 
bladder  there  are  also  groups  of  ganglia.  In  the  female  uretha  we  find  a 
mucous  membrane  whose  tunica  propria  consist^  of  delicate  connective  tissue 
with  numerous  capillae  chiefly  at  the  external  orifice.  It  is  very  vascular  and 
contains  a number  of  racemose  glands.  In  the  male  urethra  there  are  some 
differences.  1 he  epithelium  of  the  prostatic  portion  is  like  the  epithelium  of 
the  bladder,  while  in  the  membraneous  portion  it  becomes  stratified  cylindrical 
epithelium  and  in  the  cavernous  portion  the  simple  cylindrical  epithelium; 
The  flat  stratified  epithelium  exist  iu  the  fossa  navicularis.  Probably  the 
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urine  is  driven  through  the  ureter  by  peristaltic  contractions  of  the  walls.  It 
rapidly  flows  from  the  pelvic  portion  of  the  kidney  into  the  bladder  and  the 
bladder  is  slowly  filled  as  the  external  orifice  is  closed.  The  muscular  fibers 
of  the  walls  of  the  bladder  are  kept  in  a constant  state  of  tonic  contraction, 
the  degree  of  contraction  varying  at  different  times.  When  the  bladder  be- 
comes emptied  contractions  of  the  bladder  take  place  and  it  becomes  folded. 
As  it  gradually  fills  again  it  is  distended,  and  the  fluid  that  is  being  collected 
being  held  in  the  bladder  by  the  resistance  that  arises  in  connection  with  the 
elastic  fibers  iu  the  urethra  walls  closing  the  urethra.  If  the  spinal  _cord  is 
intact  even  a pressure  of  twenty  inches  of  water  will  be  sustained,  whereas,  if 
the  lumbar  region  of  the  cord  is  destroyed  .the  pressure  that  nan  be  sustained 
livery  much  lessened.  This,  points  to  the  fact  that  urine  is  prevented  from 
passing  out  of  the  bladder  by  the  muscular  tonicity  which  is  preserved  by  the 
nervous  connection  with  the  lumbar  region  of  the  spinal  cord.  This  nervous 
action  bears  upon  the  circular  fibers  chiefly  forming  the  sphincter  vesicae. 
These  fibers  are  continuous  with  the  circular  fibers  of  the  bladder  and  prob- 
ably they  contract  after  the  other  circular  fibers  of  the  bladder,  completing  the 
emptying  of  dm  bladder.  Hence  the  resistence  to  the  outflow  of  urine  depends 
upon  the  tonicity  of  the  muscular  fibers  rouud  about  the  prostatic  portion  of 
the  urethra,  forming  the  external  sphincter  vesicae  of  Henle.  When  in  con 
sequence  of  the  accumulation  of  urine  a certain  amount  of  tension  Is*  cahsea 
upon  the  bladder  wall  the  amount  of  urine  necessary  to  do  this  being  in_. in- 
verse proportion  to  the  degree  of  tonic  contraction  of  the  muscular  fibers. 
Contraction  of  the  muscular  fibers  is  set  up  probably  by  a reflex  action  and. 
this'alsisted  by  the  contraction  of  the  abdominal  muscles,  drives  the  urine  with. 
force  into  the  urethra  the  sphincter  vessicae  relaxing  or  contractions,  being 
overcome.  The  urine  cannot  be  driven  up  the  ureters  by  bladder  force.  The 
ureter  orifices  being  slanting,  strong  pressure  tending  to  close  and  keep  them 
closed.  After  the  bladder  has  reached  a certain  limit  of  tension  the  nerves  in 
the  bladder  walls  are  stimulated.  If  the  distension  increases  the  muscle  fibers 
of  the  Sphincter  become  contracted  by  reflex  action,  the  expulsion  ol  the  urine 
being  closely  associated  with  the  escipe  of  a few  drops  of  urine  into  prossattic 
portion  of  the  urethra.  When  the  bladder  is  full  there  arises  a desire  to 
urinate,  this  desire  being  produced,  as  some  say,  by  the  passage  of  a few  drops 
from  the  bladder  into  the  urethra.  This  sensation  becomes  conscious  and  re- 
mits in  an  effort  during  which  the  bladder  is  contracted  by  peristaltic  action 
the  urethral  resistance  being  overcome  and  the  uriue  flowing  freely  through 
the  relaxed  sphincter  vesicae.  When  we  speak  of  the  bladder  as  full  we  do 
not  mean  necessarily  filled  with  urine,  as  the  desire  to  urinate  may  exist  where 
only  a small  quantity  of  uriue  is  in  the  bladder.  There  is  a continuous  tonicity 
iu  the  bladder,  although  this  tonicity  varies  considerably.  If  the  tonicity  is 
great  the  increased  contraction  may  produce  the  desire  to  urinate  with  only  a 
small  quantity  of  urine  and  if  the  tonicity  is  small  a large  quantity  of  urine 
may  be  necessary,  hence  the  desire  to  micturate  depends  upon  (1)  the condi- 
tion of  tonicity  in  the  bladder  and  (2)  on  the  amount  of  urine  founder  the 
bladder,  the  tonicity  depending  upon  nervous  regulation.  It  is  certain  that  a 
free  'flow  of  urine  follows  - this  occurrence  as  it  passes  along  the  urethra  t e 
last  portions  of  the  urine  are  thrown  out  of  the  urethra  in  drops.  1 his  bei  g 
caused  by  the  irregular  muscular  contractions  of  the  bulbo  cavernous  portion 
the  urethra,  the  contractions  pressing  upon  the  urethra. 

Englemann  has  carefully  studied  the  ureter  movements,  The  J»“trac 
tions  of  the  muscular  coating  consisting  of  an  internal  iongitudmal  and 
external  circular  layer  takes  place  spontaneously  at  varying  mt.rv als  of 
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20  seconds,  in  the  case  of  the  rabbit  commencing  at  the  kidney  and  moving 
towards  the  bladder  along  the  ureters  as  a peristaltic  wave.  By  this  peristaltis 
the  urine  is  driven  into  the  bladder  intermittently.  Observations  have  been 
made  in  the  human  subject  which  confirm  the  view  in  cases  where  there  was 
found  a misplacement  of  the  bladder.  Englemann  found  that  by  artificially 
stimulating  the  ureter  at  a particular  point,  peristalsis  was  produced  in  both 
directions.  In  the  absence  of  ganglia  he  concluded  that  the  peristalsis  originated 
in  the  muscular  coating.  The  wave  passing  along  the  muscle  just  as  in  the 
transmission  of  contraction  along  the  muscle  fiber.  The  originating  cause  of 
the  stimulation  of  the  ureter  is  found  in  the  accumulation  of  urine  in  the  upper 
part  of  the  ureter  next  to  the  kidney,  stimulating  the  muscle  to  contraction. 
Difference  of  opinion  exist  as  to  whether  the  contractions  take  place  spontane- 
ously, or  requires  stimulation  of  the  urine.  Englemann  found  that  by  divid- 
ing the  ureter  near  to  the  kidney,  the  contractions  in  the  part  attached  to  the 
kidney  continued.  This  seemed  to  indicate  that  the  contractions  result  spon- 
taneously from  the  muscular  tissue.  When  thus  originated  there  is  a definite 
knowledge  of  the  contractions  and  of  its  action  in  forcing  the  urine  through 
the  ureter. 

In  the  bladder  we  find  a muscular  coating  of  two  layers,  one  internal  cir- 
cular and  tEe'other  external  longitudinal.  There  is  also  a longitudinal  layer 
in  the  interior  of  the  circular  coat.  There  is  not  the  same  distinction  between 
the  layers  thaifis "Found  in  the  Intestines  forming  a single  continuous  layer. 
The  circular  layer  is  stronger  at  the  cervical  end  forming  a sphincter  in  con- 
nection with  the  urethral  opening,  called  the  internal  sphincter  vesicse.  Out- 
side the  bladder  there  is  a muscular  coating  forming  the  sphincter  urethrae. 
When  the  urine  reaches  the  bladder  it  is  kept  inside  by  the  elastic  action  of 
the  portion  at  the  urethral  opening  and  the  tonicity  of  the  sphincter  vesicae. 
As  the  -urine  accumulated  the  sphincter  urethrae  comes  into  action.  The 
sphincter  uethrae  is  under  the  control  of  the  will,  although  normally  it  is  sub- 
ject to  reflex  action.  Regurgitation  of  the  urine  is  prevented  by  the  curved 
course  of  the  ureters  through  the  bladder  walls,  the  pressure  of  the  urine  clos- 
ing the  ureters.  When  the  bladder  is  filled  there  is  excited  sensation  corres- 
ponding with  the  filling  of  the  bladder  and  the  desire  to  urinate  followed  by 
micturition.  Micturition  consists  of  the  bladder  centraction  accompanied  by 
the  relaxation  of  the  sphincter  urethrae  resulting  in  the  forcing  of  the  urine 
out  into  the  urethrae.  This  contraction  is  very  strong  and  it  is  assisted  by  the 
contraction  of  the  abdominal  walls,  producing  an  increased  abdominal  and  pel- 
vic contractions  assisting  in  emptying  the  bladder.  Much  difference  of  opin- 
ion exists  as  to  the  cause  of  these  contractions  of  the  biadder  and  the  abdo- 
men. When  the  bladder  is  filled,  sensory  fibers  in  the  bladder  are  stimulated 
reflexly  by  contracting  the  muscular  coating  in  the  bladder  and  driving  out 
some  urine  into  the  urethrae.  By  the  passage  of  these  drops  of  urine  into  the 
urethrae  another  stimulation  is  aroused  producing  the  desire  to  urinate.  Thus, 
the  will  adds  its  force  to  the  musculature  of  the  bladder.  The  bladder  may  be 
prevented  from  being  emptied  by  the  voluntary  contraction  of  the  sphincter 
urethrae,  if  the  bladder  is  not  overfilled.  If  it  is,  then  the  voluntary  control  is 
limited  to  the  abdominal  muscles  and  sphincter  urethrae,  the  normal  bladder 
contractions  being  involuntary  and  reflex  througe  the  center  of  micturition  in 
the  lumbar  region  of  the  cord.  Some  have  claimed  that  the  bladder  contrac- 
tion is  also  voluntary. 
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CHAPTER  VIE  THE  METABOLISM  OF  THE  BfJPY. 


' S.E C TIO/if  7,  Introductory. 

The  idea  of  Metabolism  naturally  follows  the  discussion  of  alimenta- 
tion,'secretion  and  excretion.  It  literally  ntgans  ‘‘Exchang'd  of  material.*” 


We  Have  found  the  chang-es  taking-  place  in  the  alimentary  canal  and  the 
-entrance  bv  absorption  of  the  elements  into  the  blood  'either  directly  or 
through  the  lymp'hatic  system.  The  waste  Matters  are  eliminated  from 
the  body  as  urea,  CO;,  wkter  and‘Halts.  There  is  an  intiiriate  relatiofi  be- 
tween the  food  substances  and  theSe  waste  substances 'and  to  track  out 
the  change  from  the  one  form 1 to  the  other  repreSeri^S  the  metabolic 
chang-es  in  the  body.  Following;  this  will  be  the  disciission  of  the  way  in 
which  energy  liberated-  by  these’ ‘chang-es  is  distributed  and  utilized. 
Metabolism  includes  all  that  is  knoVvri  of  the  changes  in  the  body  whether' 
these  are  changes  of  food  substarice'or  of  body  substance.  We  have  al- 
ready discussed  li rider  the  head'  of  hliritentafioii  those  change's'' living- ' 
pla'ccof-a  digestive  nature  and  these-'changes  must  be'  taken  fm1  granted 
as  necessary  in  the  metabolic  processes.  All  the  changes  taking  place  in 
connection  with  the  food  and  the  body  tissues  are  really  inclhdea  under' 
metabolism  "but  for  convenience  metabolism  is  limited  to  the  processes 
involved  after  the  food  elements  have  become  absorbed. 

r\  he  two  great  tissued  of  the  body  are  Muscle  and  ncrv6',  the  other" 
tissues  being  subservient  t6  these.  In  the  same  wav  the  alimeritarv  and 


off  from  the  actively  working  tissues.  '1  He'  ehangAs  are  in’fermed'uite  be- 
tweeri  the  digestive  arid  exchetory  actions  proper  and  are  so  imperfectlv 
understood  that  but  a' vague  idea  bran  be  given  of  the  real  nature  of  the 
changes:  Hence  most  of  the  changes  are  spoken  oras  taking 'plrif0  ,n  A- 

in  connection  with  the  blood.  ihe  circuiatidh  .off  trie  rilood^i  rough 
muscle  and  nerve  and  the  changes  through  which  it  passes  in  circulating- 
through  some  of  the  maifi  organs  of  the -bodyy  such  as  the  liver  and  the 1 
spleen,  in  the  formation  of  such  substances  as  glycogen,  urea,  etc.  Cer- 
tain interchanges  are  constantly  taking  place  between  the  blorid  arid  tis-f 
sues.  The  capillary  system  brings  the  blood  into  close  and  direct  re- 
lation with  the  body  tissues  so  that  these  tissues  are  Constantly  supplied 
with  the  nutrient  elements  from  the  blood.  In  tissues  that  are  active  aVi'<f 
in  the  delicate  tissues  of  the  brain  the  capilldry  arrangement  is  'so 
minute  that  erieh  small  portion  is 'abundantly  supplied  with  a fresh  find  1 
freely  flowing  blood.  In  the  cartilage^ :bf  the  body  on  the  other  hand 
where  the  v ital  processes  are  slo\V  thri’capillary  system  is  lessTich  arid 
minute,  the  nourishment  taking  place  largely,  by  the  oozing  of  the  lluid 
through  the  spaces  between  the  fibres.  In  all  human  tissues  theiWore 
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e is  a constant  process  of  supplying-  nutriment,  the  matters  being 
rbed  from  the  blood,  these  matters  being  transformed  into  the  same 


there  is 
absor 

substance  as  the  tissues  themselves  or  by  a process  of  division  they'  may- 
be divided  into  simpler  elements.  During  the  activity  of  a muscle  certain 
chemical  changes  produce  disintegration  of  the  more  complex  molecules 
of  the  protoplasm  into  simpler  chemical  compounds.  Following  this  new 
substances  are  absorbed  from  the  blood  and  changed  into  muscle  proto- 
plasm. * 

W e have  seen  that  the  food -substances  in  the  form  of  peptones,  sugar 
and  fats  with  various  salts  pass  into  the  blood  and  later  yve  found  that 
various  substances,  urea,  CO,  and  salts  are  ejected  from  the  blood  by-  the 
excretory  system.  It  is  evident  that  somewhere  in  the  body  active  chemi- 
cal processes  are  going  on  as  a result  of  which  elements  that  enter  into 
the  body  in  certain  combinations  are  expelled  from  it  in  much  simpler 
combinations,  intermediate  changes  taking  place  which  are  called  the 
metabolic  phenomena  of  the  body.  For  example;  in  muscular  activity, . 
certain  chemical  changes  take  place  resulting  in  the  change  of  the  protcs 
plasmic  substance,  producing  certain  simple  chemical  substances. 

This  condition  implies  exhaustion  to  be  compensated  for  by  fresh 
supplies  furnished  to  the  tissues  from  the  blood.  These  changes  are  of 
a very  delicate  character  and  while  they  are  largely  processes  of  oxidation 
and  fermentation,  they  are  as  yet  very  indistinctly  understood.  Claude 
Bernard  speaks  of  the  blood  as  the  internal  medium  of  all  the  nutritive 
changes.  The  blood  is  perpetually  changing,  giving  and  receiving  new 
substances  from  the  tissues,  involving  all  the  organs  of  alimentation, 
secretion  and  excretion,  as  well  as  the  tissues  themselves.  In  passing- 
through  the  tissues  the  blood  carries  oxygen  and  other  nutrient  matters 
which  are  given  up  to  the  tissues  for  repair. 

Each  tissue  receives  what  is  best  for  its  nutriment  in  this  wav.  This 
selection of  appropriate  sTfUstaiices  by  each  tissue  is  called  the  selective 
affinity  of  the  tissues.  These  changes  take  place  according  to  the  physi- 
cal laws  that  regulate  diffusion  and  the  movements  of  fluids  through 'tis- 
sues or  membranes,  depending  upon  the  circulation  of  the  blood  and  the 
blood  pressure.  The  nutrient  substances  of  the  blood  pass  out  from 
the  capillaries  bathing  the  various  tissues,  the  corpuscles  of  which  select 
the  materials  they  require, taking  them  up  and  converting  them  into  their 
own  substance.  This  is  assimilation  or  nutrition.  In  some  cases  the 
corpuscles  directly  or  indirectly  from  materials  other  than  their  own  sub- 
stance, these  materials  being  of  use  in  various  ways  to  the  other  corpus- 
cles of  the  body.  This  is  an  important  element  in  the  phenomena  of 
secretion.  The  formation  of  ptyalin,  pepsin,  fat,  glycogen  are  examples. 
Oxygen,  as  well  as  nutrient  matters,  pass  out  into  the  tissues  from  the 
capillaries  and  combining  with  some  materials  from  the  tissue  elements 
produce  chemical  changes  which  lead  to  the  liberation  of  energy  in  the 
various  forms  of  heat,  animal  movements,  etc.  and  to  the  formation  of 
waste  matters.  In  the  metabolic  phenompn.-i  which  take  place  in  the  an- 
imal body  therefore  there  is  constantly  going  on  a process  of  upbuilding 
or  anabolism  according  to  which  changes  take  place  resulting  in  the  trans- 
formation of  dead  matter  into  the  elements  of  the  living  organism,  similar 
to  the  organic  protoplasm.  At  the  same  time  there  is  a constant  process 
of  breaking  down  or  katabolism  according  to  which  the  transformation 
takes  place  from  complex  chemical  com  binations  to  simpler  elementary 
substances.  In  addition  to  this  the  tissues  send  out  to  the  blood  certain 
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waste  matters  and  CC2,  the  blood  that  returns  from  an  active  tissue  being 
excessively  laden  with  these  waste  matters,  the  lymph  also  being-  used 
as  a channel  for  the  conveyance  of  these  substances.  Thus  the  tissues 
are  constantly  g-iving  and  receiving  materials. 

Anabolism. — The  albuminous  elements  of  the  body  are  built  up  en- 
tirely from  the  albuminate  proximate  principles  of  the  food.  The  albu- 
minous elements  of  food  are  converted  during  the  digestive  processes  into 
peptones  and  these  peptones  become  albumin  in  the  blood.  The  fat  of 
the  body  is  formed  partly  from  the  fatty  substances  which  enter  the  body 
in  the  form  of  food  and  partly  from  the  proteid  constituents  of  the  food. 
Hence,  fat  maybe  formed  in  the  body  although  all  fatty  substances  are 
excluded  from  the  food.  Liebig-  thought  that  the  carbohydrates  were 
converted  into  fat,  but  this  is  only  true  to  the  extent  that  the  carbohy- 
drates aid  in  the  dissociation  of  the  albuminates  to  form  fat.  The  car- 
bohydrates play  an  important  part  in  the  formation  of  fat,  possibly  com- 
bining with  oxygen,  they  prevent  the  oxidation  of  fat  or  of  substances 
producing  fat  which  thereTore  accumulate  in  the  body.  A large  propor- 
tion of  the  fat  is  formed  from  the  albumin.  It  is  found  that  when  the 
albuminous  tissues  of  the  dead  body  are  placed  under  the  action  of  water 
adipocere  is  formed.  In  the  case  of  feeding  upon  flesh  diet  the  nitrogen 
passes  off  in  the  waste  w'hile  the  carbon  is  held  in  the  system  to  aid  in  fat 
formation.  The  albumin  seem  to  be  dissociated  into  the  nitrogenous  and 
non-nitrogenous  elements,  the  latter  assisting  in  fat  formation.  Thus 
the  fat  isjlerived  from  the  fat  taken  directly  in  the  food  and  from  the 
transformed  albumin  of  the  food.  Hence  anything  that  prevents  al- 
buminous  substances  from  being  decomposed  or  that  prevents  oxidation 
processes  assists  in  the  fat  formation.  If  this  fat  in  the  body  passes  beyond 
the  normal  obesity  results.  In  order  to  prevent  this  it  is  necessary  to 
prevent  the  use  of  fatty  food,  only  albuminous  substances  being  used  in 
the  form  of  food  soastopermit  of  the  oxygen  freely  acting  on  the  non-nitro- 
genous  albumin  products  and  preventing  fat  formation;  and  the  muscles 
require  to  be  exercised  freely  so  as  to  oxidize  freely  the  foods. 

Katabousm. — Katabolic  changes  are  carried  on  by  the  free  presence 
of  oxygen.  The  breaking  down  of  the  nitrogenous  matter  yields  bv  a 
series  of  steps  nitrogenous  waste  in  the  form  of  kreatin,  uric  acid,  urea. 
But  from  the  carbon  and  hydrogen  of  the  nitrogenous  matters  there  are 
formed  by  the  combination  with  oxygen  non-nitrogenous  waste  products, 
walejLand  CO  . The-oxidation  of  the  non-nitrogenous  or  of"  carbonaceous 
materials  of  the  body  yield  these  non-nitrogenous  waste  products.  Hence 
while  the  notrogenous  waste_prod nets  which  are  eliminated  from  the  body  . 
can  be  derived  only  from  the  albuminous  food  elements  the  non-nitrpgen- 
o us  matters  are  produced  by  chemical  changes  taking  place  in  rnr^petirm 
wiUl_they carbonaceous  and  nitrogenous  elements  of  the  food.  The  first 
sten  in  the  process  is  the  setting  free  of  oxygen  from  oxyhaemoglobin. 
When  liberated  the  oxygen  combines  with  certain  of  the  elements  found 
in  the  tissues  resulting  in  the  production  of  a number  of  chemical  com- 
pounds. Resulting  from  this  combination  we  find  the  liberation  of  ener- 
gy in  the  fornrrrf  animal  heat  and  certain  mechanical  movements  of  the 
body  to  be  deferred  until  later. 

Thus  the  metabolic  processes  are  twofold  and  of  an  opposite  charac- 
ter. The  living  protoplasm  undergoing  changes  in  connection  with  the 
food  upbuilding  and  the  complex  substances  being  broken  doyvn  into  sim- 
pler substances.  The  former  form  new  molecules  and  the  latter  break 
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hand  growth  or  degeneration, 
the  nature  and  the  amount  of 
s t ajices  s u c h as  temperature. 


3>and  are  excreted  as  disintegrated  molecules.  These  two  processes 
involve  the  increase  and  diminution  in  size.  Within  the  same  cell  or  com- 
bination of.  cells  these  two  processes  may  he  going-  on  simultaneously  so 
that  the  two  processes  may  balance  each  other  or  represent  an  excess  on 
one  side,  representing  either  a condition  of  equilibrium  or  on  the  other 

The  rn  eta  holism  maybe  determined  bv 
food  supply  and  by  the  environing  circum- 
„ — ^ I to  this  the  metabolism  mav  be 

definitely  determined  by  nervous  connection,  certain  nerve  fibres  accord- 
ing to  Gaskell  having  a trophic  influence  and  therefore  furnishing  impuls- 
es that  determine  the  changes  whether  katabolic  or  anabolic,  "ike  vagi 
and  sympathetic's  In  conn ecti on ‘ with  th-eJn-Bart  are  said, to  have  respect- 
ively  anabolic  and  katabolic  influence,  diminishing  and  increasing  respect- 
ively the  activity  of  the  organic  substance.  Hering  holds  that  where  the 
katabolic  or  anabolic  changes  take  place  there  is  a tendency  to  produce  a 
reaction  towards  the  other  metabolic  process,  in  this  way  tending  to  de- 
velop metabolic  equilibrium,  between  anabolism  and  katabolism/  This 
accounts,  according  to  Hering,  for  the  power  of  self-regulation  internally 
manifested  in  the  adjustment  of  the  metabolic  processes  so  that  when  any- 
one of  the  processes  takes  place  in  any  portion  of  the  protoplasm  the  op- 
posite process  is  originated  in  the  ad  joining,  part.  It  must  be  remember- 
ed that  changes  take  place  outside  of  the  actual  particles  of  the  body  sub- 
stance involving-  both  the  constructive  and  destructive  processes  under  the 
influence  of  oxidation,  such  changes  being  distinctly  marked  off  from 
those  taking  place  in,  the  actual  protoplasmic  substance. 


SEC  riO N II.  Nutritive  Balance  and  Value  of  Food 

•u  \ ■ Stuffs. 

. ,lp  order  to  estimate  the  body  metabolism  and  its  value  we  must  es- 
timate the  nutritive  value  of  the  food  stuffs  used  in  dieting.  This  can  be 
done  by  estimating  the  ingesta  and  excreta.  By.  estimating  the  entire 
nitrogenous  excreta  we  can  estimate  the  protcid  * matter  used  up  in  the 
body  nutrition.  T he  form  of  estimating  will  be  discussed  under  nutri- 
tion proper.  Out  of  the  proteid  and  albuminoid  materials  under  the  pro- 
cess of  pxidation  th.e  nitrogenous  materials  are  found  as  urea,  uric  acid, 
kreatin  and  xanthin  excreted  in  connection  with  the  urine.  The  main 
nitrogenous  excrement  of  the  urine  is, urea,  but  it  is  more  satisfactory  to 
estimate  the  entire  nitrogen  in  the- urine  for  a definite  period  reckoning  the 
amount  of  proteid  necessary  for  the  production  of  it.  In  this  wav  all  the 
nitrogenous  excreta  are  taken  account  of.  Pro  (adds  do  not  differ  m uch  in 
the  quantitiesof  nitrogen  which  they 'contain  which  is, estimated  at  If.  per 
cent  and  as  this  represents6.25  as  the  proteid-  ratio,  all  jthat  lsnecessarv 
is  to  multiply  theamount  of  nitrogen  by  (>.25  in  order, to  find  the  amount 
of  proteids  con-sumed.  . . 

To  determine  this  total  quantity  of  nitrogen  it  must  be  estimat- 
ed in  faeces  and  urine,  because  all  the. ordinary  proteid  does  not  pass 
through  the  digestive  process,  the  amount  found  m.the  faeces  requiring- 
therefore  to  be  deducted  from  the  amount  taken  in  the  form  of  lood  in 
order  to  find  the  amount  used;  and  also  as  the  secretory  process  uses  up  a 
quantity  of  nitrogen  the  total  amount  of  nitrogen  used  qanwot  be  estimat- 
ed simply  from  the  urine  excretion.  T here  is  a small  nitrogenous  excre- 
tion in  connection  with  the  perspiration,  thesali.ary  secretion  and  the 
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mammary  secretion,  but  these  are  so  small  as  to  be  almost  inappreciable. 
In  order  to  estimate  the  non-nitrog'enous  materials  used  up  in  the  body 
metabolism  it  is  necessary  to  know  the  amount  of  nitrogen  found  in  the 
body  excretions  and  the  amount  of  carbon  found  in  the  body  excretions 
including  the  lungs.  An  estimate  can  be  formed  from  the  entire  nitrogen 
of  the  amount  of  proteid  consumed,  translating  this  into  a corresponding 
quantity  of  carbon  and  deducting  it  from  the  total  amount  of  carbon  used, 
to  get  the  amount  of  carbon  arising  in  connection  with  the  metabolism  of 
the  nan-nitrogenous  fats  and  carbohydrates.  In  this  way  we  can  estimate 
the.  amount  of  proteid,  carbohydrate  and  fat  used  in  the  metabolic  pro- 
cesses. By  comparing  this  with  the  quantities  of  the  same  substances 
used  as  food  during  a certain  period  it  is  possible  to  determine  how  much 
of  the  different  substances  has  been  used  up  in  the  body  metabolism,  and 
how  much  has  been  used  in  storing  up  fat,  etc.,  in  the  body;  and  also  we 
can  determine  whether  there  is  a larger  consumption  in  the  metalmlis.ni.. 
thaaThe  food  supply  furnishes.  This.is.what  is  meant  by  nutritive  bal- 
.anr.p.  These  experiments  require  much  time  and  laborious  work.  Such 
work  has  been  done  by  Yoit  and'  Pettenkofer  who  have  experimented 
upon  man  in  determining  the  amount  of  nitrogen  from  the  urine  and 
faeces  and  also  the  amount  of  CO2  excreted  in  connection  with  respiration. 
In  this  way  the  nutritive  value  of  the  food  stuffs  has  been  almost  accur- 
ately estimated  as  well  as  the  nutritive  action  of  these  food  stuffs  in  the 
metabolic  processes. 

Two  terms  are  frequently  used  to  represent  the  result  of  some  of 
these  experiments.  Nitrogen-equilibrium  represents  a condition  in 
which  during  a definite  time  the  nitrogen  of  the  ingesta  and  excreta  are 
eqjj&l,  .that  is,  the  loss  of  proteid  in  the  body  is  exactly  covered  by  the  gain 
of  proteid  in  the  food.  If  more  nitrogen  is  excreted  than  is  found  in  the 
food  then  there  must  be  a loss  of  body  proteid  to  furnish  the  nitrogen;  if 
on  the  other  hand  less  nitrogen  is  excreted  than  is  found  in  the  food  sup- 
ply proteid  must  de  added  to  the  body.  In  the  normal  condition  of  a 
healthy  adult  there  is  this  nitrogen-equilibrium.  In  the  pfsp  of 
growing  and  immature  individual  there  is  a proteid  storage  taking  place 
which  interferes  with  the  preservation  of  equilibrium,  Of  course  the 
standard  of  equilibrium  will  depend  upon  the  digestive  and  absorbent 
power  of  the  stomach  and  internal  organs.  Carbon-equilibrium  repre- 
sents a condition  in  which  during  a definite  time  the  entire  carbon  of  the 
ingesta  and  excreta  are  equal.  There  might  be  a loss  or  gain  of  weight 
with  nitrogen-equilibrium  oecausein  addition  toproteidstherearenon-pro- 
teid  substances,  such  as  sugar  and  fats  provided  in  the  food  and  used  up 
in  the  metabolism  of  the  body.  The  same  thing  will  be  true  of  equilibri- 
um in  the  other  proximate  principles  of  the  food,  such  as  water,  salts,  etc. 
'J  he  general  variation  is  found  in  the  carbon-equilibrium  as  the  loss  or 
gain  of  the  body  is  usually  found  to  be  connected  with  body  fats  which 
depend  upon  the  carbon  provided  and  used  up  by  the  body. 

Pkotkid  Metabolism. — The  serum-albumin  and  serum-globulin 
which  represent  the  proteit  of  the  blood  are  replenished  by  proteids  ab- 
sorbed from  the  alimentary  canal  and  changed  in  passing  through  the 
epithelium.  The  peptone  form  of  the  digested  proteid  is  changed  after 
or  during  absorption.  It  seems  necessary  that  the  blood  should  not  con- 
tain peptone,  at  least  in  the  albumose  form,  as  it  seems  to  affect  the  blood 
when  added  to  it  so  as  to  render  it  unlit  for  its  circulatory  purposes.  Pro- 
teids are  taken  into  the  blood  as  albumin,  casein,  myosin,  and  the  globu- 
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jected  into  the  blood,  egg-albumen  and  peptone  not  being- assimilated  if 
injected  but  passing- off  in  the  urine.  Hence  the  peptones  are  changed 
either  directly  or  indirectly  into  the  blood  plasma  protends.  A small  part 
is  decomposed  into  the  amido-compound  form  in  the  intestines  under  tin- 


injected  but  passing- off  in  the  urine. 


action  of  tripsin  or  by  putrefactive  chang-es.  This  p rote  id  matter  carried 
by  the  lymph  comes  in  contact  with  the  tissues  becoming-  oxidized  in  con- 
nection with  the  tissues  and  broken  up  into  the  simple  C02,  ITOaml  urea 
for  ins.  This  breaking  up  of  the  proteid  takes  place  under  the  action  of 


cell  substance.  This  is  called  by  Voit  “the  circulating-  proteid,”  which 
is  found  in  every  animal  in  connection  with  the  lymph  and  tissues.  This 
accounts  for  the  fact  that  in  the  case  of  an  animal  deprived  of  food  for  the 
first  few  days  after  the  deprivation  of  food  more  proteid  is  used  up  in  the 
metabolism  until  the  floating-  proteid  is  exhausted  when  the  amount  of 
metabolized  is  diminished.  In  addition.. to  this  floating-  proteid  there  is  a 
portion  of  proteid  which  goes  to  build  up  the  tissues  by  way  of  repairing 
the* nitrogenous  waste  or  for  the  purpose  of  forming  new  tissue.  1 his 
Vo  it  calls  the  .tissue  proteid.  This  does  not  mean  that  the  proteid  when 
absorbed  is  of  two  kinds  but  simply  refers  to  the  two-fold  disposition  of 
the  proteid  after  it  has  been  brought  to  the  tissues  by  the  blood,  one  por- 
tion becoming-  part  of  the  already  existing  tissue  and  another  floating  in 
the  blood  and  tissues.  Proteid  is  necessary  for  the  repair  and  formation 
of  tissue  as  the  absence  of  proteid  in  feeding  upon  non-nitrogenous  food 
such  as  fats  and  carbohydrates  alone  finally  results  in-  death.  Nitrogen 

is  necessary  to  tissue,  protoplasm,  and  the  nitrogen  must  be  in  proteid 
forHTas  the  nitrogen-equilibrium  can  not  be  upheld  in  dieting  on  such 
nitrogenous  elements  as  the  amido-acids  or  gelatin.  In  this  latter  case 
the  excretions  will  gradually  lose  their  nitrogenous  elements,  these  being 
consumed  within  the  body  until  death  ensues.  Thus  there  exists  an  abso- 
lute necessity  in  body  metabolism  for  proteid  in  order  to  the  formation 
and  repair  of  the  body  tissues.  In  addition  to  this,  proteid  is  also  used  in 
ting. process  of  oxidation  so  as  to  produce  heat,  energy  etc.,  this  proteid 
forming-  the  source  of  energy  for  the  body.  Thus  there  are  two  uses  for 
proteid  matter  in.  diet,,  viz.  tissue  upbuilding  and  energy  production. 
In  proof  of  this  it  has  been  demonstrated  that  a carnivorous  animal  upon 
a flesh  diet  can  be  kept  in  a condition  of  carbon  and  nitrogen  equilibrium. 
Pfluger,Pettenkofer  and  Voit  have  experimented  on  dogs  keeping  them  on 
a llesh  diet  and  preserving  the  body  equilibrium,  indicating  that  proteid 
substance  alone  is  sufficient  to  furnish  all  that  is  necessary  for  body 
metabolism  and  also  for  the  production  of  body  energy.  It  is  on  account 
of  the  economy  of  fat  and  carbohydrate  dieting  that  these  are  resorted 
to  as  such  substitutes.  According  to  this  the  tissue  proteid  goes  to 
tissue  repair  and  development,  the  overplus  representing  the  floating 
proteid  being  utilized  in  the  production  of  heat  and  energy,  the  excess 
above  use  and  necessary  supply  being  destroyed  and  excreted  from  the 
body.  Animals  as  well  as  human  subjects  possess  a large  capacity  for 
the  consumption  of  proteid, very  rapidly  destroying  any  excess  over  w hat 
is  necessary  for  use. 
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In  the  oxidation  of  protend  for  the  purposes  of  producing1  energy,  fats 
and  carbohydrates  may  be  substituted,  at  least  in  part.  It  is  not  suffi- 
cient to  provide  p rote  id  simply  for  tissue  repair.  In  the  case  of  an  animal 
deprived  of  food,  after  several  days  the  amount  of  nitrogenous  waste 
reaches  a minimum  after  which  it  remains  constant.  If  at  this  stage  suffi- 

....  . o 

cient  proteid  is  given  to  supply  the  waste  there  is  still  a loss  of  body  pro- 
teid  and  in  order  to  maintain  the  body  equilibrium  more  proteid  must  lie 
given.  If  fats  and  carbohydrates  are  given  along-  with  the  proteid,  less 
of  the  proteid  is  necessary  to  establish  equilibrium!  As  we*  saw  before, 
the  proteid  becomes  tissue  proteid  and  lioating-  proteid, a part  of  thelatter 
being  destroyed  so  that  more  proteid  must  be  furnished  than  if  the  entire 
proteid  became  tissue  building.  If  fats  and  carbohydrates  are  given  as 
food  there  is  less  proteid  destroyed  and  hence  a larger  proportion  of  the 
proteid  goes  to  the  building  up  of  the  tissues.  In  the  case  of  the  use  of 
the  albuminoid  substance  gelatin  as  food  along  with  the  proteid  or  along 
with  proteid,  fat  and  carbohydrates  a smaller  proportion  of  .proteid 
is  sufficient  to  maintain  body  equilibrium,  the  albuminoids  in  this  case 
taking  the  place  of  the  floating  proteids.  The  excess  of  proteid  above 
what  is  necessary  to  maintain  equilibrium  has  been  spoken  of  bv  some 
physiologists  as  luxus  and  that  this  involves  the  destruction  of  an  unnec- 
essary amount  of  food  matter  in  the  metabolic  process.  It  has  been 
shown,  however,  that  an  excess  of  proteid  is  really  necessary  in  order  to 
maintain  the  functional  activity  of  the  metabolic  and  excretory  systems. 
Of  course,  if  the  excess  is  too  great  the  activity  of  the  metabolism  will  be 
increased  ■unneccessarily  and  this  may  result  in  gastric  and  intestinal 
disorders. 

In  regard  to  the  albuminoids  the  chief  of  which  is  gelatin  derived 
from  bones  and  connective  tissues  it  is  very  like  ordinary  proteid  hut  it 
does  not  maintain  the  nitrogen  equilibrium.  It  is  like  proteid  and  forms" 
the  gelatin  peptone  but  differs  from  the  proteids  in  chemical  composition 
and  can  not  tai<e  the  place  of  proteid  in  chemical  composition  and  can  not 
take  the  place  of  proteid  in  metabolism.  It  can  not  form  new  tissues. 
One  of  its  chief  functions  is  to  spare  the  proteid  acting  very  much  like, 
although  more  efficiently  than  the  carbohydrates.  It  is  found  usually  in 
soups  and  other  boiled  meats.  If  an  animal  were  fed  upon  albuminoids 
alone  or  even  with  fats  and  carbohydrates,  the  tissue  will  vicld  to  disinte- 
gration producing  excessive  nitrogen  in  excretion  resulting  in  a condition 
of  emaciation  and  death.  In  connection  with  the  digestion  of  gelatin, 
gelatin-peptones  and  gelatoses  are  formed,  these  being  absorbed  and 
under  oxidation  forming  C()2,  H20  and  urea,  resulting  in  the  production 
<>t  body  energy.  rl  he  use  of  albuminoids  renders  unnecessary  the  samp 
amount  of  proteid,  the  aTlTmuinoids  taking  the  place  of  the  floating  proteid 
and  being  subjected  to  oxidation,  leaving  the  proteid  to  form  the  tissue 
prptgql.  This  gives  to  the  albuminoid  a special  nutritive  value  next. to 
t h e orotekl  itself,  as  the  albuinenoid  can  take  the  place  of  that  portion  of 
the  pi i uteul  which  is  destroyed  and  acts  as  a protector  and  economizer  of 
proteids  in  the  metabolic  pr_u.ce.ss,.  Nucleins  and  nucleo-proteids  are 
found  in  connection  with  the  normal  dieting.  Nuclein,  at  least,  in  part 
becomes  absorbed  and  changed  to  other  substances  producing  an  increase 
of  uric  add  in  the  urine  and  furnishing  iron  for  haemoglobin  as  well  as 
idmsphoras  which  becomes  phosphoric  acid  and  is  excreted  as  phospha- 
hVlth  In  the  case  of  the  amiido-aeids  they  have  the  function  of  sparine  the 
proteid. so  that  where  vegetable  food  is  used  w’c  And  these  amido-acids  as 
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proteid  accessories. 

"'Metabolism  of  Fats. — As  we  saw  the  absorption  of  fats  takes  place 
in  connection  with  the  lacteals  being- finally  carried  to  the  blood  in  the 
condition  of  neutral  fats.  After  this  they  are  subjected  to  oxidation  re- 
sulting- in  the  production  aLCQ?  and  H-.Q  and  of  a certain  amount  of  ener- 
gy- Tffg  fats  thus  furnish  body  energy.  The  admose  tissue  nf  the  bod y 
contains  fat  which  is  used  as  a reserve  stock  in  the  absence  of  the  supply 
of  the  necessary  material  in  the  food.  When  there  is  an  excessive  supply 
of  fat  taken  in  the  food  what  is  in  excess  of  use  is  stored  up  in  connection 
with  the  adipose  tissue.  Fatty  acids  and  soaps  possess  almost  the  same 
value  in  nutrition  as  fats  from  which  they  are  derived.  Glycerine  acts  in 
c e 1’ta.in  cases  as  a sparer  of  fats  also  sparing-  the— cnmioramn  nf  Qr1yeng-?n 
to  sugar.  In  the  case  of  an  animal  deprived  of  food  there  is  first  drawn 
upon  the  glycogen  and  later  the  body  proteids  and  fats,  the  fat  suppl  v,  if 
large,  protecting- theproteids  from  excessive  drain.  Hence,  t'h'e  animal 
with  little  or  no  fat  in  the  form  of  adipose  tissue  will  not  survive  long  un- 
der starvation.  Fat  was  at  one  time  said  to  be  derived  primarily  from 
the  fat  taken  as  food.  But  this  is  not  the  only  source,  nor  is  it  the  real 
source  of  fat,  as  itjias  been  proved  that  fat  formedin  the  hody_is-la*gel v 
in  excess  of  the  fat  taken  in  the  food  In  addition  to  this  the  fat  in  differ- 
ent animals  differs  in  its  nature,  depending  somewhat  upon  the  variety  of 
the  animal’s  food.  This  difference  can  be  analyzed  microscopically.  Some 
physiologists  claim  that  none  of  the  fat  stored  in  the  body  is  taken  direct- 
ly from  the  fat  of  the  food,  the  fat  taken  in  the  food  being  completely  oxi- 
dized and  the _ipdyLfaJ_airsin^fr.Qm_changes  taking  place  in  the  proteids 
and  carbohydrates.  According-  to  Voit  the  proteids  mainly  yield  body 
fatTdn  metadmlisun-the  protekL  is  broken  up  into  nitrogenous  and  non-ni- 
trogenouiijeff mends.  The  nitrogenous  element  is  changed  into  urea  while 
the  non-nitrogenous  is  converted  into  fat  and  glycogen.  By  feeding  dogs 
on  lean  meat  (proteid)  it  was  found  by  Voit  that  less  carbon  was  excreted 
than  was  taken  in  the  food,  this  carbon  being  kept  in  the  body  as  fat.  It 
would  seem  that  the  proteids  do  yield  fat  but  not  all  or  nearly  all  the  fat 
of  the  body  as  Voit  thoug-ht.  Liebig  on  the  other  hand  states  that  the 
fat  of  the  body  originates  largely  from  carbohydrates.  This  was  disput- 
ed by  Voit  but  more  recent  experiments  indicate  that  the  carbohydrates 
form  the  principal  source  of  bod jr  fat.  This  is  confirmed  by  the  fact  that 
in  the  process  of  stock  feeding  the  best  food  is  that  largely  carbohydrate 
with  some  proteid,  the  fat  being  formed  directly  from  the  carbo- 
hydrates. 

Metabolism  of  Carbohydrates. — The  carbohydrates  are  taken 
largely  from  vegetables,  except  glycogen  and  sugar  found  in  meat  and 
lactose  in  milk.  The  chief  of  these  are  starch,  cane  and  grape  sugar. 
Large  quantities  of  starch  can  be  taken  as  food  and  absorbed  in  the  blood 
without  producing  glycosuria  if  the  animal  is  in  normal  condition,  but  if 
the  digestive  powers  are  impaired  gfyrnsnria  readily  results.  If  large 
quantities  of  cane  sugar  or  maltose  are  taken  portions  of  the  sugar  will 
appear  in  the  urine  because  the  sugar  can  not  be  taken  with  sufficient 
rapidity  to  the  liver  by  the  blood  so  that  part  of  it  gets  into  the  general 
circulation  and  to  the  kidneys. 

The  carbohydrates  like  the  fats  become  oxidized  and  -supply:  body 
energy  in  additkui_to  the  cqnvers ion—  into  Tat  wh i c h is  stored  up  in  the 
body-  In  ordinary  dieting,  carbohydrates  form  the  larger  part  of  the 
food  being  readily  digested  a d oxidized  and  also  an  economical  diet 
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In  the  oxidation  of  the  carbohydrates  CO2  and  H20  are  produced,  less 
oxygen  being-  necessary  for  this  oxidation  than  that  of  the  fats  or  pro- 
teids.  In  the  case  of  sugar  only  so  much  oxyg-en  is  necessary  as  will 
produce  oxidation  of  the  carbon  producing-  C02.  The  carbohydrates  are 
absorbed  chiefly  in  the  blood  sugar  form  of  dextrose,  the  excess  being 
changed  to  glycogen  and  stored  in  the  liver  for  later  use  in  transforma- 
tion to  dextrose,  In  the  tissues  the  sugar  particles  are  supposed  to  be 
lirst  of  all  broken  up,  lactic  acid  being-  formed  and  oxidation  taking  place. 
Others  suppose  that  in  the  dissolution  of  sugar  particle  C02  and  alcohol 
are  formed  as  in  the  fermentation  process.  Others  combine  the  oxida- 
tion and  fermentation  process  in  connection  with  the  carbohydrate  disso- 
lution. Mering  has  shown  that _by  excising  the. pancreas  in  the  case  of 
a dog  the  power  of  using  sugar  is  lost  to  the  tissues  the  sugar  accumulat- 
ing in  the  blood  and  passing  to  the  urine  producing  diabetes..  This  does 
not  take  place  if  the  pancreas  is  partially  removed  only,  indicating  the 
formation  in  connection  with  the  pancreas  of  a secretion  which  passes  to 
the  blood  of  value  in  connection  with  the  using  up  of  sugar.  In  some  way, 
therefore,  the  pancreas  is  associated  with  sugar- consumption  and  this  has 
an  important  bearing-  on  the  cause  of  diabetes  in  which  the  tissues  are  un- 
able to  oxidize  the  sugar  so  as  to  prevent  it  from  escaping  unoxidized  in 
the  urine.  The  solution  of  this  according  to  some  is  that  there  is  an  en- 
zyme which  passes  to  the  blood  in  connection  with  pancreatic  action,  the 
enzyme  being  capable  of  dissolving  the  sugar.  In  proof  of  this  it  is  claimed 
that  sugar  when  added  to  blood  is  very  rapidly  dissolved  in  the  blood. 
Lepine  and  BarraT  have  called  ths  process  glycolysis  and  they  call  the'  en- 
zyme glycolytic.  It  has  not  been  clearly  demonstrated  that  this  fer- 
ment exists  in  the  circulating  bloocTalthough  it  certainly  does  exist  in  the 
blood  when  shed. 

Metabolism  of  Water  and  Salts.— Water  is  excreted  in  connection 
with  the  skin,  the  lungs,  the  urine  and  the  faeces.  Water  is  introduced 
in  connection  with  the  food  and  partly  formed  within  the  body  in  the 
lungs  and  in  connection  with  the  oxidation  and  secretory  processes. 
Water  is  absolutely  necessary  in  the  tissues  and  in  connection  with  the 
nthm-  iiiypl  secretions  of  the  body  in  order  to  body  metabolism—  tYhere 
the  loss  of  water  is  produced  by  exercise  or  other  norm  il  conditions  the 
ner.ous  system  provides  for  the  supply  of  more  water  in  the  production 
of  the  thirsting-  condition.  Water  does  not  produce  energy  as  it  is  ex- 
creted in  the  form  in  which  it  is  taken.  It  takes  the  place  of  water  lost 
and  provides  the  medium  in  which  the  chemical  changes  take  place. 

Inorganic  salts,  chiefly  chlorides  of  sodium  and  phosphates  of  lime, 
are  essential  to  the  body  metabolism.  These  salts  like  water  do  not  di- 
rectly furnish  any  body  energy,  most  of  them  being  eliminated  from  the 
body  in  the  same  form  in  which  they  are  taken.  In  connection  with  the 
metabolism,  however,  sulphates  and  phosphates  are  formed  and  changes 
take  place  in  the  dissolution  of  the  chlorides  to  form  the  hydrochloric- 
acid  of  the  gastric  juice.  The  chief  value  of  the  salts  lies  in  the  fact  that 
they  are  essential  to  the  maintainance  of  the  normal  condition  of  the 
tissues  and  the  fluids  of  the  body.  It  has  been  found  that  to  xeduce  the 
salts  without  changing  the  other  dietary  elements  produces  quickly  fatal 
results,  the  deprivation  of  salt  having  more  serious  results  than  the  de- 
privation of  food.  The  fatal  results  in  this  case  arises  from  chronic  acid 
poisoning,  according  to  Bunge, ‘resulting  from  the  oxidation  of  sulphur 
jTOm  the  porteids.  This  acid  is  usually  neutralized  by  the  salts  taken 
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in  the  food.  In  addition  to  the  salts  it  is  necessary  that  they  be  in  prop- 
er combination  with  organic  substances.  The  proteids  are  always  natu- 
rally combined  with  inorganic  salts  which  in  part  at  least  give  to  the  por- 
teids  their  characteristic  qualities.  Originally  in  the  vcgtable  kingdom 
there  is  a corelation  of  the  organic  and  inorganic  elements  and  in  diet- 
ing- of  animals  it  is  necessary  to  preserve  this  connection  in  order  to  pre- 
serve the  value  of  the  organic  substances.  Bunge  points  out  that  carni- 
vorous animals  do  not  desire  so  much  salt  as  herbivorous  animals 
accounting  for  this  by  the  fact  that  in  vegetable  food  there  is  an  excess  of 
potasium  salts;  these  salts  when  taken  into  the  body  reacting  with  sodi- 
um chloride  resulting  in  a dissolution,  forming  pottassium  chloride  and 
the  sodium  of  the  stilt  formerly  in  combination  with  the  potassium,  the 
new  salts  being-  excreted  from  the  kidneys.  This  produces  a decrease  of 
sodium  chloride  and  consequently  a desire  for  common  salt.  In  line  with 
this  it  is  found  that  vegetariar.susemoresalt  thanthese  who  useanimalfood. 
The  same  thing  is  true  of  those  who  live  almost  entirely  on  fish  or  on 
food  composed  of  vegetables  not  having  the  potassium  salts  in  great  abun- 
dance. Those  who  do  not  live  upon  vegetables  and  carnivorous  animals 
have  no  such  desire  for  salt.  The  iron  salts  are  necessary  in  connection 
with  the  formation  of  new  red  blood  corpuscles,  in  connection  with  haem- 
globin  to  supply  the  loss  of  iron  in  connection  with  the  breaking  up  of  the 
red  corpuscles.  The  amount  of  iron  excreted  Is  very  small,  so  that  the 

smalls  The  small  excreia  of  iron 

the  irorfof  the 


amount  necessary  in  the- food  is  also 


The  small" 

does  not  represent  the  iron  subject  to  metabolism  because^ 


disintegrated  red  corpuscles  is  kept  in  the  blood  and  used  again  in  the  in- 
tegration of  corpuscles.  Iron  is  found  in  animal  and  vegetable  foods  in 
the  organic  compound  form  and  in  this  form  it  is  freely  absorbed  and 
used  in  the  metabolic  process  and  finally  excreted  from  the  body  in  the 
faeces.  Bunge  calls  the  iron  compounds  found  in  nuclein,  as  in  eg-g 
neclein,  haematogen.  In  cell  nuclei  and  the  haemoglobin  of  flesh,  iron  is 
taken  in  the  food  being  in  combination  with  the  organic  substance.  Cal- 
cium salts  are  essential  in  the  food  especially  in  the  growing  and  develop- 
ment of  the  bones  and  in  the  general  tissue  development,  as  well  as  for- 
moing  a necessary  element  in  connection  with  the  blood  in  its  property 
of  coagulating,  muscle,  especially  heart  muscle,  in  its  contractility  and 
protoplasm  in  general.  The  amount  of  calcium  salts  absorbed  is  small 
and  its  excretion  takes  place  through  the  faeces.  It  is  taken  in  in  organ  ic 
compounds  possibly  with  the,  porteids.  Milk  and  the  yolk  of  eggs  contain 
large  quantities.  Leguminous  plants  also  contain  quantities  of  lime.  In 
regard  to  the  accessories  of  diet,  including  alcohol  there  is  considerable 
division  o'f'bpinion.  These  include  articles  taken  along-  with  the  food  to 
stimulate  the  appetite  or  assist  digestion.  There  is  a small  nu  ti  iti\e\alue 
in  these  but  so  sma*ll  that  we  may  say  there  is  really  none,  as  they  may  be 
omitted  from  food  with  hardly  any  disadvantage  except  so  far  as  lack  of 
flavor  is  concerned.  Some  regard  alcohol  when  taken  in  small  quantities 
as  of  nutritive  value  as  a non-proteld  in  lessening  porteid  oxidation  bv  be- 
coming itself  oxidized.  When  thus  oxidized  it  furnishes  energy.  ^ It  is 
doubtful  if  such  is  the  case  as  a small  proportion  when  taken  seal  <.el\  it 
ever  reaches  the  metabolic  stage  a part  of  it  being  exhaled  in  expuation. 
The  evidence  is  much  divided.  Rechert  has  found  that  smalhdoses  ol  a - 
cohol  administered  to  dogs  does  not  affect  the  body  heat.  In  this  case  t le 
alcohol  would  act  as  a portector  of  porteid  and  non-proteids,  rendering 
their  oxidation  unnecessary. 
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Miura  experimented  upon  himself  substituting-  alcohol  for  carbo- 
hydrates, _the  result"  being- a loss  of  proteid,  indicating-  that  the  proteid 
was  not  protected  by  the  alcohol,  but  rather  that  it  increased  the  proteid 
consumption.  If  taken  in  larg-e  quantities  its  offect  will  be  the  opposite, 
producing-  an  increased  waste  of  proteid.  Its  effect  upon  the  tissue  sub- 
stance is  injurious,  especially  in  its.  effect  upon  the  nervous  system  which 
is. so  exhausting-,  that  the  evil  effects,  more  than  counterbalance  any  good 
effect  it  may  have  in  connection  with  proteid  oxidation. 

SECTION  III.  Metabolism  in  Connection  with  the 

Deprivation  of  Food. 


Metabolism  being  concerned  with  the  changes  taking-  place  after  the 
food  elements  are  absorbed,  before  and  after  reaching-  the  tissues,  the 
simplest  metabolic  condition  is.  found  in  the  case  where  an  animal  is  de- 
prived of  food  either  partially  or  altogteher,  because  here  the  bod y.plempnt 
lsutilized  in  the  metabolic  processes/  Tt  is  of  importance  to  consider  the 
processes  so  far  as  these  can  be  followed  in  connection  with  the  excretions 
in  such  starving  conditions.  Even  when  food  is  withheld  the  excretions 
do  not  cease,  although  there  is  a change  in  these  excretions.  In  the  case 
of  the' faeces  we  find  that  an  almost  normal  amount  is  passed  although 
not  with  the  same  regularity  as  in  cases  of  regular  dieting.  While  life  lasts 
there  is  an  excretion  of  urea  and  CO2,  the  nitrogen  loss  being  sustained 
upon  the  lowest  level  because  life  is  sustained  at  the  lowest  mark.  A 
starving-  animal  lives  upon  the  nutrient  matters  present  in  the  body,  in 
eluding  fat  stored  in  the  body,  glycogen  and  circulating  tissue  proteid. 
The  faeces  are  found  to  consist  of  a viscid  semi-liquid  secretion  and  thick- 
ened digestive  juices  together  with  broken  down  epithelium  cells  and 
g-eneral  waste  in  the  body  tissues.  The  urine  is  also  continued  with  little 
variation  from  normal.  The  skin  excretes  its  fluid  secretion  and  the 
lungs  also  excrete  CO2  and  H20.  From  all  these  excretions  there  is  a 
drain  on  the  body  system  which  gradually  diminishes  the  body  size  and 
weight.  It  is  during  the  first  two  or  three  days  that  the  proteid  loss  is 
greatest  on  nccount  of  the  fact  that  the  products  of  the  proteid  metabolism 
found  in  floating  proteid  form  and  still  found  in  food  form  in  the  aliment- 
ary canal  are  exhausted.  This  lloating-  proteid  is  very  soon  exhausted 
depending  upon  the  amount  of  muscular  exertion.  It  is  after  the  first 
two  days  that  the  real  period  of  starvation  begins.  After  this  the  average 
loss  is  steady  from  day  to  day,  gradually  being  reduced  to  a minimum, 
this  being  due  to  the  fact  that  the  animal  lives  upon  itsown  fat  and  proteid, 
namely  the  tissue  proteid.  Voit  found  in  the  case  of  a cat  deprived  of 
food  a daily  excretion  in  the  form  of  urea  representing  about  thirty  grams 
of  proteid  tissue,  the  loss  being  about  regular  for  ten  or  twelve  days  after 
which  the  amount  increased.  The  period  when  the  nitrogenous  loss 
begins  depends  upon  the  condition  of  the  animal  and  the  nature  of  the  pre- 
vious dieting.  According  to  the  experiments  of  Voit  made  upon  dogs  the 
loss  started  at  once  where  the  diet  before  the  deprival  of  food  was  com- 
paratively small  in  amount  with  but  little  proteid  food,  from  the  third  to 
the  fifth  day  in  cases  where  the  animal  has  been  regularly  fed  with  a 
normal  proportion  of  proteid  food.  The  amount  of  the  excretion  is  found 
to  vary  with  different  animals,  smaller  animals  using  up  in  metabolism  a 
larger  amount  of  proteid  per  unit  of  body  weight  because  the  body  surface 
is  larger  in  proportion  in  these  animals.  The  same  is  true  of  lean  as  com- 
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pared  with  fat  animals.  Results  in  the  case  of  fasting-  amonn^  human 
subjects  differ  from  animals.  There  is  a continuous  diminution  of 
nitrog'en  excretion  with  a decrease  in  the  chlorines  and  alkalies  in  the 
urine  for  several  days.  Some  of  the  C in  the  case  of  proteid  destruction 
is  stored  up  as  glycogen.  Cetti  applied  the  same  experiments  as  Voit  to 
man.  He  found  in  the  case  of  a man  weighing  125)4  pounds  the  dailv 
urea  excretion  during  the  first  ten  days  of  deprivation  of  food  about 
twenty  grams, representing  eleven  grams  of  N.  In  the  cases  in  which  there 
is  a large  quantity  of  body  fat  the  N excretion  is  found  to  be  less.  In  the 
case  Succi  whqse  weig-ht  was  138)4  lbs.  at  the  beginning  of  his  fast,  on  the 
tenth  day  of  his  fast  he  excreted  6.7  grams  of  N,  on  the  twentieth  day  4.3 
grams  of  N and  on  the  thirtieth  day  3.2  grams  of  N,  his  body  weight  be- 
ing reduced  by  the  thirty  days  fast  to  114)4  lbs.  a loss  of  twenty  four 
pounds.  Observations  by  others  have  made  the  loss  vary  from  5.29  grams 
to  13.7  grams  of  N daily  which  would  represent  the  amount  that  would  be 
required  as  a minimum  in  food  in  order  to  preserve  nitrogen  equilibrium. 
It  is  noticed  in  herbivora  that  instead  of  a decrease  of  nitrogenous  ex- 
cretion there  is  an  increase,  the  animals  in  this  case  feeding  upon  their 
own  body  tissue.  The  ordinary  estimate  is  formed  from  the  amount  of 
urea  in  the  of----tlKe  destruction  of  proteid  taking  place  in 
the  body  when  the  animal  is  deprived  of  food.  This  destruction  of  proteid 
goes  on  even  where  there  is  sufficient  fat  in  the  body  to  supply  non-nitro- 
genous  .material.  After  the  starvation  process  has  gone  on  for  some 
time  there  is  often  an  increase  in  this  proteid  destruction,  chiefly  because 
the  other  non-proteid  matters  have  been  exhausted  in  the  oxidation  pro- 
cesses so  that  all  the  available  matter  is  the  body  tissue  which  is 
essentially  proteid  tissue. 

During  the  period  of  deprivation  of  food  CCA  is  excreted  from  the 
lungs  bearing  a direct  ratio  to  the  body  weight  and  the  energy  expended 
and  in  inverse  ratio  to  the  surrounding  temperature,  Voit  found  in  the 
case  of  a man  weighing  156)4  lbs.  during  tlie  first  day  after  being  depi  i\- 
ed  of  food  201  grams  of  C excreted  by  respiration,  in  the  urine  5.8  of  C 
and  12)4  grams  of  N.  This  was  equivalent  to  almost  79  grams  of  proteid 
and  215~of  fat.  At  another  time  when  fasting  the  same  individual  while 
working  on  the  first  day  of  his  fast  lost  75  grams  of  proteid  and  ^80 
grams  of  fat.  Oxygen  was  taken  in  the  former  case  to  the  extent  of  760 
grams  and  in  the  latter  1,072  grams  and  there  were  889  and  1,777  grams 
of  water  excreted.  During  fasting  the  body  temperature  remains  nor- 
mal for  a time  as  the  fat  and  proteid  oxidation  goes  on.  After  a time 
however  the  temperature  falls  at  first  gradually  and  later  vei  \ qua  v 

all  the  tissue  nourishment  being  practically  used  up  in  oxidation  so  that 

very  little  material  is  left  for  keeping  up  the  oxidation  and  hence  pi  e^ei  \- 
ing  the  temperature.  Of  course  the  fall  in  temperature  is  partly  due  to 
the  degeneration  of  the  nervous  system  on  account  of  lack  of  nutrition. 
It  is  claimed  by  some  that  the  application  of  artificial  means  of  warming  a 
starving  animal  will  prolong  life  in  the  last  stages  of  death  from  stai  Nation 
as  this  reduces  the  amount  of  oxidation  necessary  to  preserve  warmth, 
thus  saving  the  oxidizable  substances  in  the  body.  This  prolongation  of 
of  life,  however,  will  be  but  short  because  warmth  alone  can  not  sustain 
life.  During  the  starvation  of  an  animal  the  different  organs  ot  the  bod\ 
suffer  loss  in  different  degrees,  the  heart  and  nervous  system  maintain- 
ing-longest  the  normal  condition  and  remaining  almost  unimpaired  be- 
cause they  live  at  the  expense  of  the  rest  of  the  body.  1 he  first  par ts  to 
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be  used  up  are  those  parts  of  the  body  which  are  least  necessary  to  the 
bodvTthe  adipose  tissue  being  the  first  to  yield  so  that  when  death  takes 
place  not  more  Than  ten  per-cent  of  the  body  fat  has  survived  the  -process 
of  starvation.  Next  to  the  fat  is  the  glycogen  stored  up  in  the  muscles 
‘and  live.r,  the  muscle  glycog-en  being- preserved  longest.  The  first  organ 
to  manifest  diminution  in  size  is  the  spleen,  next  the  organs  associated 
with  digestion  especially  the  glands  connected  with  the  secretion.  Then 
the  muscle  begins  to  yield  giving  rise  to  emaciation,  the  emaciation  being- 
considerable  if  starvation  is  prolonged  and  body  weakness.  After  the 
blood  has  been  nourished  upon  these  other  organs  it  begins  to  consume 
its  own  substance  at  the  same  time  drawing  the  nutriment  from  the 
lungs,  kidneys,  pancreas  and  the  bones.  At  this  point  naturally  the 
heart  and  nervous  system  would  fall  a prey  to  blood  nourishment  but  they 
see  in  to  resist  the  call  for  disintegration,  the  result  being  death, the  weig-ht 
haying  gone  down  from  25  to  50  per-cent.  In  the  case  of  a cat  starved 
under  the*  inspection  of  Voit  only  three  per-cent  of  the  heart  and  three 
per-cent  of  the  nervous  system  were  found  to  be  lost,  although  this  per- 
centage has  been  found  to  be  larger  by  other  experimenters.  Voit  took 
two  cats  of  about  equal  weight  and  after  feeding  them  for  ten  days  killed 
one  and  starved  the  other  for  thirteen  days.  During  the  thirteen  days 
the  cat  lost  1,017  grams  in  weight,  the  larg-est  loss  being-  in  the  muscles 
over  425  grams,  the  fat  losing  the  largest  percentage  as  it  had  practically 
disappeared  from  the  body.  The  heart  and  the  central  nervous  system 
lost  scarcely  any  weight  at  all  because  they  fed  on  the  rest  of  the  body. 

In  the  complete  deprivation  of  food  the  nitrogenous  excretion  arises 
from  the  tissue  nitrogenous  metabolism.  It  might  be  supposed  that  by  giy- 
ing  in  the  form  of  food  to  such  a starving  animal  an  amount  of  nitrogen- 
ous food  in  proteid  form  exactly  equivalent  to  the  amount  of  loss,  the 
tissue  waste  would  be  arrested  the  loss  being  thrown  upon  the  non- 
proteid  substances.  That  this  is  not  true  is  proved  by  experiments  in 
which  more  nitrogen  is  lost  than  is  given  in  form  of  food.  All  the  nitro- 
gen of  the  proteid  food  appears  as  urea  in  the  urine  and  there  is  an  added 
amount  of  nitrogen  arising  from  the  tissue  proteid.  Voit  by  a number  of 
experiments  concIu3jed  that  in  order  to  maintain  nitrogen  equilibrium  in 
a starving  animal  it  was  necessary  to  give  to  the  animal  an  amount  of  pro- 
teid equal  to  2l/z  times  the  proteid  that  is  subjected  to  metabolism  during 
the  deprivation  of  food.  This  is  necessary  because  after  or  during  star- 
vation the  exhaustion  of  tissue  proteid  is  so  complete  that  to  give  proteid 
food  causes  digestion  of  an  increased  character;  producing  an  increased 
metabolism  and  therefore  an  increased  demand  for  materials  for  the  oxi- 
dation process.  This  is  an  important  question  but  one  that  as  yet  is  not 
distinctly  understood,  In  the  case  of  giving  as  food  to  a starving  animal 
non-proteid  substances  the  same  stimulation  dots  not  take  place  in  connec- 
tion with  metabolic  processes. 

Tbe  albuminoids,  fats  and  carbohydrates  act  asccononmers and  pro- 
tectors of  the  tissue  proteid  rather  than  exciting  to  increased  activity, 
having  the  opposite  effect,  that  of  diminishing  the  amount  of  tissue  pro- 
teid oxidized.  Voit  found  that  nitrogen-equilibrium  could  be  preserved 
with  a much  smaller  amount  of  proteid  if  a definite  quantity  of  fat  or  car- 
bohydrate was  given  along-  with  it.  If  in  the  case  of  an  animal  deprived 
of  food  there  is  given  an  amount  of  proteid  in  excess  of  the  nitrogen 
loss  represented  in  the  excretions  very  soon  the  drain  upon  the  tissue 
proteid  of  the  body  ceases  and  the  proteid  tissue  begins  to  build  up  again. 
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This  results  in  an  increase  of  body  weight,  this  increase  continuing  until 
a certain  limit  is  reached  when  the  nitrogen-equilibrium  is  again  restored 
the  increase  of  proteid  resulting  in  an  increase  of  body  tissue.  By  in- 
creasing- this  amount  of  proteid  food  the  digestive  power  will  be  increased 
until  a point  is  reached  which  according  to  Voit  represents  a metabolism 
fifteen  times  greater  than  that  of  the  starving  condition.  According  to 
Voit,  in  the  case  of  dogs,  nitrogen  equilibrium  can  be  preserved  with  as 
small  a quantity  as  500  and  as  great  a quantity  as  2,500  grams  of  proteid. 
When  the  amount  is  increased  beyond  this  limit  digestion  is  impaired.  A 
man  in  ordinary  civilized  conditions  requires  less  in  proportion  on  ac- 
count of  hygienic  considerations.  If  on  the  other  hand  the  amount  of  pre- 
teid  food  is  diminished  gradually,  the  nitrogen  equilibrium  may  be  estab- 
lished on  a smaller  quantity  of  proteid,  there  being  a loss  of  body  weight 
until  this  N equilibrium  is  reached,  after  which  the  body  equilibrium  may 
be  maintained  if  the  proteid  metabolized  is  constant.  1 his  indicates  that 
there  are  different  levels  at  which  N equilibrium  may  be  sustained.  The 
amount  necessary  to  sustain  N equilibrium  depends  upon  the  condition  of 
the  oi'ganism,  a well  fed  body  requires  more  than  a badly  fed  oremaciated 
body.  According  to  Voit  the  smallest  quantity  sufficient  to  sustain  X 
equilibrium  in  a dog-  is  480  grams  of  lean  meat,  proteid,  or  16  grams  of  X. 
35  grams  of  urea  or  equal  to  three  times  the  average  daily  loss  of  N dur- 
ing starvation.  It  is  estimated  that  on  a normal  basis  of  dieting  about  85 
per  cent  of  the  proteid  taken  as  food  is  oxidized  and  excreted,  the  balance 
being  added  to  the  tissues  of  the  body. 

Much  discussion  has  arisen  as  to  the  minimum  quantity  of  proteid 
that  is  required  to  preserve  in  health  and  in  lit  condition  for  ordinary 
work  an  individual,  in  other  words,  the  dividing  line  between  partial  star- 
vation and  normal  dieting.  Ranke  has  made  a normal  diet  for  a man  of 
154  lbs.  to  consist  of  100  grams  of  proteid,  100  grams  of  fat  and  240  grams 
of  carbohydrates  daily.  In  this  case  the  individual  was  not  supposed 
to  do  any  muscular  work.  Voit  estimated  the  amount  for  the  same  indi- 
vidual doing  muscular  work  at  120  grams  of  proteid,  56  grams  of  fat  and 
500  grams  of  carbohydrate,  representing  19  grains  of  N and  330  grams 
of  C.  According  to  more  recent  investigators  about  100  to  105  grams  of 
proteid  in  the  case  of  a man  of  the  above  weight  is  subjected  to  the  meta- 
bolic process.  It  must  be  borne  in  mind  that  if  the  non-proteids  are  in- 
creased the  proteids  may  be  decreased  without  interfering  with  the  nu- 
trition proper. 

Hirschfield  sustained  himself  on  from  fifty  to  75  grams  of  proteid 
daily  by  increasing  very  much  the  amount  of  carbohydrates  taken  along 
with  it.  Others  have  reduced  the  amount  to  25  grams,  requiring  however 
270  grams  of  fat  and  400  grams  of  carbohydrate  in  order  to  keep  up  the  X 
equilibrium.  Munk  experimented  upon  a dog  feeding-  it  for  a 
time  on  pure  proteid.  He  then  cut  off  half  of  the  proteid,  replacing  it  by 
non-proteid,  continuing  to  decrease  the  proteid  and  increase  the  non-pro- 
teid  until  digestion  of  the  non-proteid  became  difficult,  the  amount  ot  non- 
proteid  used  in  such  a case  being  very  large.  The  carbohydrates  arc 
found  to  be  better  adapted  for  proteid  saving  and  protection  than  fats,  the 
albuminoids  being  better  even  than  the  carbohydrates.  According  to 
Voit  the  amount  of  proteid  loss  in  the  body  can  be  reduced  to  half  ot  that 
lost  normally,  if  sufficient  quantities  of  gelatin  are  given  in  the  food. 
Munk  estimates  that  five-sixths  of  the  necessary  N can  be  derived  from 
gelatin.  It  must  be  remembered  that  dieting  on  fats,  carbohydrates  or 
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gelatin  diminishes  the  nitrog'cneous  excretion  and  also  the  amount  of 
phosphoric  acid.  Schaefer  concludes  that  to  reduce  to  less  than  100  grams 
of  proteid  the  normal  diet  would  interfere  with  the  maintenance  of  equi- 
librium in  the  human  subject.  Hultgren  and  Lantergren  have  collected 
statistics  among  Russian,  German  and  Swedish  workingmen  among 
whom  he  finds  the  proteid  used  varying  in  the  ordinary  diet  from  130  to 
190  grams  daily,  so  that  they  give  the  ratio  of  proteid  to  non-proteid  food 
constituents  as  1:4.25  in  weight  and  of  fats  to  carbohydrates  1:0.35. 

SECTION  IV.  Metabolism  of  Body  Substance. 

The  animal  food  as  we  have  seen  consists  of  water,  inorganic  salts, 
together  with  the  organic  nitrogenous  and  non-nitrogenous  elements.  In 
the  case  of  the  vegetables  they  live  upon  inorganic  substances,  part  of 
which  is  nitrogenous,  out  of  which  the  vegetable  life  constructs  organic 
substances,  including  proteids,  fats  and  carbohydrates.  This  food 
organized  in  plant  life  becomes  the  basis  of  animal  food.  It  was  at  first 
supposed  by  Liebig  and  others  that  there  existed  an  essential  difference 
between  the  organization  of  the  vegetables  and  animals,  the  vegetable  hav- 
ing the  power  of  combining  while  the  animal  did  not  possess  this  power 
but  must  find  the  materials  already  combined  directly  or  indirectly  from 
the  vegetables,  which  were  regarded  as  the  synthetizers.  This  idea  has 
been  modified,  as  the  synthetizing  power  is  found  in  animals  as  well  as  in 
plants.  Woehler  discovered  that  benzoic  acid  used  in  food  becomes  hip- 
puric acid  when  found  in  urine,  a synthesis  taking  place  between  benzoic 
acid  and  glycin  at  a high  temperature  and  under  the  action  of  pressure. 
This  syqjj^esis  in  the  case  of  dogs  has  been  found  to  take  place  in  the 
.kidney  and  can  be  p r o d u c e d ar t ific jail y by  the  passage  of  blood  with  the 
benzoic  acid  and  glycin  through  the  kidney  or  even  by  mixing  it  with  the 
kidney  cut  up  into  pieces.  It  has  been  found  that  if  the  kidney  cells  are 
destroyed  there  is  no  change  to  hippuric  acid.  Hence  it  is  concluded 
that  the  benzoic  acid  furnished  in  the  food  passes  into  the  kidney,  comes 
into  association  with  glycin  which  comes  from  the  tissues  and  by  the 
activity  of  the  cells  forms*  hippuric  acidi  By  the  extirpation  of  the  kidneys 
the  process  of  hippuric  acid  formation  is  stopped,  although  this  is  not  the 
case  in  frogs  and  rabbits  in  which  it  seems  to  take  place  in  the  other 
organs.  Urea  is  formed  in  the  liver  in  the  same  synthetic  form  out  of 
ammonium  carbonate  and  ammonium  carbamate.  In  the  case  of  birds 
uric  acid  instead  of  urea  is  formed.  Glycogen  is  also  formed  out  of  glu- 

cose  in  the  liver  and  the  muscles.  Proteid  substance  is  formed  from 

peptones  in  connection  with  the  mucous  lining  of  the  alimentary  canal; 
fatty  acids  and  glycerine  unite  to  form  fats  in  the  intestines;'  carbo- 
hydrates forming  fats  and  the  non-nitrogenous  elements  of  the  proteid 
substance  also  uniting  to  form  fats.  These  are  all  examples  of  the  com- 
bination of  simple  substances  or  broken  down  materials  to  form  the  com- 
pound substances,  this  combination  being  the  opposite  of  the  process  of 
dissociation.  The  synthetic  processes  seem  to  be  as  essential  to  body 
metabolism  as  the  analytic  processes.  This  contradicts  the  older  Liebig 
theory  of  metabolism  in  animals  as  distinguished  from  that  of  plants,  the 
former  being  analytic  and  the  latter  synthetic,  although  the  form  of  the 
synthesis  is  as  yet  but  vaguely  understood,  Liebig’s  theory  still  holds 
good 0 to  this  extent  that  the  plants  build  up  nitrogen  into  proteid  from 
the  inorganic  substances,  the  animals  not  having  this  power.  Physiol- 
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chemistry  is  able  to  construct  out  of  minute  atoms  the 
compounds.  The  question  is,  can  the  artificial  means  used,  namely, high 
temperature,  great  pressure  and  the  use  of  chemical  agents  be  taken  to 
represent  the  vital  processes  of  the  living  cells.  Although  these  forms 
of  synthetic  combination  are  beyond  dispute  it  is  as  yet  unproved  that  in 
the,  formation  of  living  protoplasm  any  other  material  than  proteid  is 
capable  of  such  synthesis  in  connection  with  the  animal  organism.  The 
proteid  elements  must  be  found  in  the  food,  pass  through  the  alimentary 
changes,  assume  the  hlood-proteid  form  and  in  this  form  become  synthes- 
ized. We  are  unabfiTto  state  how  this  non-living  proteid  can  be  synthet- 
ized  in  connection  with  living  proteid  tissue. 

In  connection  with  the  lcatabolism  of  the  body  substances  there  are 
two  important  elements  in  the  chang-e:  (1)  a dividing  of  the  complex 
molecules  into  the  simpler  form  of  molecule,  and  (2)  the  resulting  molecu- 
les are  subjected  to  oxidation,  at  least  some  of  them.  These  two  changes 
occur  at  different  periods  and  in  all  likelihood,  at  different  points  in  the 
body  substance.  When  the  complex  molecules  are  divided  up  in  connec- 
tion with  the  muscle  proteid,  the  oxidation  does  not  take  place,  at  least 
fully,  as  certain  substances  like  lactic  acid  leave  the  muscle  to  be  ox- 
idized elsewhere.  The  oxidation  process  is  probably  the  more  important 
element  in  the  change  because  in  the  formation  of  the  products  of  metab- 
olism the  substances  become  completely  oxidized.  It  has  not  been  proved 
however  that  the  splitting  up  process  is  of  necessity  associated  with  ox- 
idation for  the  oxidation  may  not  and  does  not  in  the  case  of  a part  at  least 
of  the  split-up  elements  take  place  at  once.  Proteid,  for  example,  has 
been  found  to  be  split  up  in  the  separation  of  urea,  the  remainder  taking 
the  form  of  COo  and  H20,  these  substances  being  discharged  at  different 
times.  Where  the  oxidation  processes  are  interfered  with  certain  oxidiz- 
able  sub  stances  such  as  lactic  acid  are  found  in  the  blood  and  passed  off  in 
the  urine  excretions.  Living  proteid  molecules  fall  to  piecesand  molecular 
atoms  of  unliving  proteid  taken  as  food  come  under  the  influence  of  the 
living  substance  and  become  part  of  it.  In  what  way  this/change  from 
the  dead  proteid  or  protoplasm  to  the  living  proteid  or  bioplasm  takes 
place  we  cannot  explain.  Pfluger  thinks  that  the  nitrogen  in  the  living 
proteid  is  found  in  the  compound  radical  cyanogen  form  and  that  in  the 
dead  form  it  is  in  the  compound  amide  form,  hydrogen  being  replaced  by 
the  acid  radicals.  He  accounts  for  the  active  power  of  the  bioplasm  in 
dissociation  and  combination  on  the  basis  of  molecular  movements  among 
the  cyanogen  radical  atoms.  This  and  other  similar  explanations  are 
purely  theoretical.  We  cannot  tell  what  constitutes  the  difference  be- 
tween protoplasm  and  bioplasm,  nor  can  we  tell  what  makes  the  differ- 
ence between  different  parts  of  the  bioplasm.  One  thing  seems  to  be  evi- 
dent that  the  bioplasmic  molecule  has  a greater  tendency  to  fall  to  pieces 
than  the  protoplasm,  the  process  of  breaking  up  being  definite,  the  final 
products  when  oxidized  being*  CO^HsO  and  other  nitrogenous  substances 
which  change  in  the  production  of  the  last  products  that  appeal  in  the 
urine,  urea,  uric  acid,  hippuric  acid,  kreatinin,  and  ammonia. 

Relative  Tissue  Metabolism. — The  tissues  of  the  body  exhibit  diff- 
erent degrees  of  metabolic  activity,  all  the  changes  taking  place  that  ai  e 
at  the  basis  of  the  production  of  heat  and  energy  in  those  tissues.  Older 
physiologists  believed  that  oxidation  processes  took  place  in  the  blooc 
to  a large  extent.  It  is  true  that  oxidation  does  take  place  in  oi  in  con- 
nection with  the  blood.  By  allowing  blood  to  stand  in  a closed  vesse  « even 
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when  sealed  in  a tube,  the  oxygen  separates  from  the  oxvhacmoglobin, 
this  being  due,  as  some  think,  to  certain  chemical  reducing  substances,  or 
more  probably  to  the  action  of  the  leucocytes  and  bacteria,  the  latter  very 
quickly  appearing  in  standing  blood.  'Aside  from  the  oxidation  taking 
place  in  the  blood  the  large  oxidation  processes  take  place  in  the  muscles 
and  other  tissues  of  the  body.  Experiments  on  frogs,  whose  blood  has 
been  replaced  bv  a sodium  chloride  solution,  have  indicated  that  the  same 
amount  of  O is  taken  in  and  the  same  amount  of  CO2  given  off.  In  other 
animals  it  has  been  found  that  the  reduction  of  the  volume  of  blood  very 
considerably  has  not  interfered  with  the  oxidation  processes.  Leaving 
the  blood  in  which  onlv  a very  small  part  of  the  oxidation  takes  place  we 
find  the  tissues  in  their  relative  importance  in  connection  with  oxidation 
to  be,  the  muscles,  the  secretory  glands,  the  nervous  tissue,  particularly 
the  grey  matter  of  the  brain  and  the  spinal  cord  then  the  skeletal  tissues 
whose  metabolic  activity  is  very  small.  In  regard  to  the  muscles  we  find 
that  the  chief  organic  constituent  is  g-lobulin-proteid.  In  the  case  of  the 
secreting  glands  the  chief  organic  constituent  is  nucleo-proteid.  The  glo- 
bulin-proteid  of  muscle  islesscomplexthanthenueleo-proteidof  gland  cells, 
the  latter  being  proteid  in  combination  with  certain  substances  containing 
phosphorus,  which  under  decomposition  produce  nucleins,  paranucleins, 
xanthin  and  phosphoric  acid.  In  the  muscles  we  find  the  most  of  the  oxi- 
dation processes,  the  heat  forming  and  energy  production  taking  place  in 
connection  with  muscular  oxidation,  the  chemical  action  being  due  to  the 
stimulation  of  the  nervous  system.  The  muscular  activity  varies;  when 
it  is  great  there  being-  an  extensive  oxidation  going-  on,  resulting-  in  the  ex- 
cretion of  COi  and  H;()  from  the  body.  In  the  secreting-  cells  of  glands 
the  oxidation  is  not  so  active  as  in  the  case  of  muscles.  This  is  evident 
from  the  fact  that  while  there  is  a large  blood  supply  passing  through  the 
glands  during  secreting  activity,  a large  proportion  of  this  blood  simply 
flows  through  the  capillaries  without  any  absorption.  In  the  case  of  the 
liver,  which  is  the  largest  body  g-land,  the  amount  of  arterial  blood  sup- 
plied is  small,  the  metabolism  of  the  liver  being-  carried  on  by  the  blood 
which  has  become  largely  deoxyg-enated  in  its  passage  through  the  intes- 
tines. In  the  salivary  glands,  when  the  cranial  nerves  controlling  insal- 
ivation are  stimulated,  we  find  that  the  blood  flowing-  in  the  veins  is  almost 
purely  arterial.  Bayliss  and  Hill  have  proved  that  the  salivary  gland  se- 
cretion is  not  accompanied  by  the  production  of  much  heat  as  was  former- 
ly supposed  by  Ludwig.  Ludwig  has  pointed  out  that  the  saliva  found  in 
the  duct  of  the  submaxillary  gland  has  more  oxygen  than  is  found  in  the 
arterial  blood  plasma, indicating  that  the  gland  ceils  do  not  consume  a larg-e 
proportion  of  oxygen  as  they  send  out  oxyg-en  along  with  the  fluid  secre- 
tion. In  this  case  the  oxidation  process  must  be  limited.  In  the  case  of 
the  liver  it  was  supposed  formerly  that  the  blood  is  warmer  than  in  any 
other  part  of  the  body,  although  recent  experiments  have  indicated  that 
there  is  no  change  in  temperature  in  the  liver  by  the  stimulation  of  the 
splanchnic  or  vagi  nerves.  It  is  very  difficult  to  measure  the  temperature 
of  the  blood  as  found  in  the  muscle,  because  the  experiment  itself  involves 
during  the  process  a loss  of  part  of  the  blood  heat.  It  has  been  found 
that  in  leaving  the  muscles  there  is  an  increase  in  blood  temperature  as 
compared  with  its  temperature  on  entering  the  muscle.  As  we  found  be- 
fore, in  the  muscles  about  one-fourth  of  the  blood  in  the  entire  body  is 
found,  indicating  the  extent  of  the  metabolic  activity  of  the  muscles. 
Another  one-fourth  of  the  blood  is  found  to  be  in  the  liver  but  the  blood 
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turnished  to  the  liver  forms  the  basis  of  other  changes  than  those  of  oxi- 
dation, chiefly  in  connection  with  glycogen  and  urea  formation. 

SECTION  V.  Proteid  Metabolism. 


As  we  have  seen  the  proteid  is  divided  by  Voit  into  two  kinds,  the 
tissue  proteid  and  the  circulating  proteid,  or  as  Schaefer  calls  them, 
organized  and  unorganized  proteid,  the  former  forming  part  of  the  bio- 
plasm and  the  latter  including  the  proteid  found  in  the  tissue  interstices 
or  their  fluids,  including  the  blood  and  lymph.  The  metabolism  of  the 
unorganized  proteid  may  take  place  in  one  of  two  ways,  (1)  the  floating 
tissue  may  be  incorporated  in  the  tissue  before  the  processes  of  dissoc- 
iation and  oxidation  take  place:  or  (2)  the  dissociation  and  oxidation  mav 
take  place  before  the  incorporation  with  the  tissue,  the  bioplasm  exerting 
an  important  influence  on  the  splitting  up  and  oxidation  of  the  unorganiz- 
ed proteid.  In  the  former  case  the  bioplasm  is  replenished  by  the  un- 
organized proteid  and  in  the  latter  case  the  bioplasm  acts  upon  the  proto- 
plasm much  in  the  way  that  a ferment  acts  on  the  substance  subject  to 
fermentation.  It  is  generally  supposed  that  in  part  both  of  these  actions 
take  place  in  a part  at  least  of  the  protoplasmic  proteid,  becoming  biop- 
lasm. Voit  found  that  by  feeding  an  animal  on  non-proteid  food  and  bv 
substituting  gelatin  for  a portion  of  the  non-proteid,  less  N was  excreted 
from  the  body,  the  N from  the  gelatin  being  estimated  as  it  is  found  in 
urea  in  the  urine.  This  indicates  that  less  of  the  body  substance  is  me- 
tabolized. As  no  nitrogenous  food  was  given  there  must  be  a certain 
amount  of  the  body  substance  metabolized.  By  giving  the  gelatin  it  took 
the  place  of  this  body  tissue,  thus  saving  the  bioplasm.  Voit  does  not 
admit  that  tissue  proteids  can  be  metabolized  as  such,  requiring  to  be 
severed  from  the  bioplasm  first  and  made  circulating  proteid  so  as  to  be 
brought  to  the  tissues  for  metabolism.  This  however  can  not  be  true  be- 
cause there  is  no  chemical  difference  between  the  two  kinds  of  proteid, 
organized  and  unorganized,  and  there  is  no  necessity  for  the  removal  of 
tissue  outside  of  the  tissue  itself  in  order  to  metabolism.  Liebig  takes  the 
opposite  view  that  only  tissue  proteid  can  be  metabolized  so  that  the  floating 
proteid  must  first  of  all  become  an  integral  part  of  the  tissue  bioplasm 
before  oxidation  can  take  place.  It  has  been  proved  in  connection  with 
the  yeast  that  there  may  be  such  chemical  action  external  to  the  living 
cells  under  the  influence  of  cell  activity.  In  addition  to  this  the  non- 
proteid  elements  do  not  become  assimilated  to  the  tissue  substance  so  as 
to  form  an  essential  part  of  it  and  yet  they  undergo  metabolism,  the  me- 
tabolism taking  place  therefore  outside  of  the  tissue  substance.  The 
particles  of  fat,  glycogen,  starch,  etc.  can  be  clearly  distinguished  in  con- 
nection with  the  cells  and  not  forming  part  of  the  cell  so  that  they  must 
be  oxidized  simply  under  the  influence  of  physical  and  chemical  changes 
taking  place  through  contact.  We. may  conclude  therefore  that  metab- 
olism takes  place  both  in  connection  with  the  organized  and  the*  unorgan- 
ized proteids,  the  dissolution  and  oxidation  of  the  tissue  proteid  and  the 
dissolution  and  oxidation  of  the  floating  proteid,  the  latter  by  contact 
with  the  tissue  proteid.  The  proteid  substances  become  during  the 
digestive  action  changed  to  albumoses  and  peptones.  During  the 
absorption  process  these  peptones  are  again  reconverted  into  proteids; 
part  of  the  proteids  however  are  changed  beyond  the  peptone  stage  into 
the  amides  in  the  intestines,  absorbed  into  the  blood  and  taken  to  the 
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liver.  This  addition  of  amides  to  the  blood  carried  throug-h  the  liver 
produces  an  increase  of  urea  in  the  blood  after  leaving-  the  liver,  the  urea 
being-  carried  to  the  liver.  It  is  supposed  that  the  amido-acids  being- 
broken  down  into  ammonia  compounds  are  then  chang-ed  into  urea.  This 
chang-e  of  proteid  into  amide  form  removes  a part  of  the  proteid  from  the 
tissue  building-  so  that  there  is  involved  a waste  in  the  transformation 
from  peptone  to  amido-acid.  This  chang-e  has  not  been  proved  to  take 
place  to  any  appreciable  extent  in  the  normal  digestive  process.  The 
proteid  does  not  possess  sufficient  carbon  to  produce  this  change  into 
amide  form.  ri  here  must  be  in  any  case  a process  of  division  into 
C02  and  ammonia,  out  of  which  by  synthetization  urea  is  formed.  This 
however  represents  only  a very  small  part  of  the  proteids.  The  large 
proportion  of  the  peptone  is  absorbed  in  connection  with  the  mucous 
membrane  and  so  transformed  to  proteid  fornf.  This  transformation 
takes  place  in  connection  with  the  active  epithelium  although  there  is  no 
proof  that  the  change  takes  placein  connection  with  the  cells.  We  have 
the  analogy  of  fat  synthetization  in  connection  with  the  cells.  It  is  sug- 
gested by  some  that  the  white  corpuscles  which  are  very  numerous  and 
active  in  the  mucous  membrane  play  an  important  part  in  the  absorption 
and  conversion  of  the  peptones.  When  assimilated  the  proteids  become 
absorbed  in  connection  with  the  blood.  There  is  almost  no  absorption 
of  peptones  in  connection  with  the  lacteals  and  where  such  absorption 
does  take  place  to  a small  extent,  absorption  takes  place  in 
the  blood  in  connection  with  the  • mesentery.  In  the  blood 

of  the  portal  vein  therefore  we  find  the  absorbed'  proteid  so  that  it 
is  rich  in  the  serum-albumin  or  serum-globulin,  together  with  the  absorb- 
ed proteid  extracts  and  the  amides.  The  portal  blood  is  found  to  be 
physiologically  different  during  food  absorption  from  what  it  is  when  no 
food,  especially  proteid  food  elements,  arc  absorbed.  This  difference  is 
resolved  into  an  increase  in  the  amount  of  urea.  Thus  the  products  of 
digestion,  absorption  and  assimilation  are  brought  to  the  liver. 

Proteid  Metabolism  of  the  Liver. — It  is  possible  when  the  proteid 
is  brought  to  the  liver  there  may  be  a storage  in  connection  with  the  liver 
cells,  before  passing-  to  the  general  circulation,  but  there  is  no  proof  of 
such  storage.  The  liver  secretion  consists  of  nitrogenous  matter  tog-eth- 
er with  sulphur  in  organic  synthesis.  These  organic  elements  are  from 
the  proteids  and  they  are  increased  during-  the  absorption  process  it  is 
supposed  that  they  are  the  products  of  peptone  absorption. 

Associated  with  these  nitrogenous  and  sulphurous  compounds  in  the 
bile  salts  are  the  bile  pigments  which  spring  from  the  red  blood  corpuscles. 
'1  his  seems  to  indicate  that  these  organic  conpounds  are  formed  from  the 
decomposed  haemoglobin.  Experiments  have  proved  thata  larger  number 
ol  these  red  corpuscles  enter  the  liver  thru  leave  it  and  this  seems  to 
ia\oi  the  idea  that  in  the  liv'er  there  is  a disintegration  of  at  least  some  of 
the  red  corpuscles.  In  addition  to  this  the  blood  entering  the  liver  has 
moi  e water  than  that  leaving  it,  the  bile  having  taken  a part  of  the  water 
and  also  the  lymph.  Thus  the  liver  proteid  is  more  probably  derived 
from  the  disintegration  of  the  red  corpuscles.  In  connection  with  the 
formation  and  storage  of  glycogen  there  may  be  a source  of  proteid  forrn- 
ation.  During  absorption  there  is  hardly  any  glycogen  formation,  the 
carbohydrate  furnishing  the  necessary  glycogen  stored  in  the  liver. 
When  carbohydrate  is  absent  from  the  food,  part  of  the  proteid  mav  be- 
come broker,  down  and  transformed  to  glycogen.  From  the  fat  of  the 
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food  there  is  an  absorption  of  fat  into  the  liver  cells,  being-  metabolized  in 
the  mucous  epithelium  and  passed  through  the  lymph  and  the  blood  into 
the  liver.  When  fat  is  absent  from  the  food  the  fat  found  in  the  liver  cells 
is  supposed  to  be  derived  from  the  proteid  by  a process  of  division,  fol- 
lowed by  a synthesis.  There  may  be  in  case  of  fat  and  carbohydrate  for- 
m a t i on  a s p 1 i 1 1 i n g u p of  proteid  outsideof  the  liver  but  the  liver  cells  certain- 
ly do  possess  this  power  of  fat  and  carbohydrate  formation.  Kxpcri- 
ments  upon  dog's  deprived  of  food  have  proved  that  fat  and  carbohyd rate- 
may  be  formed  out  of  proteid. 

* The  urea  and  uric  acid  are  formed  largely  in  the  liver  as  may  be 
shown  from  the  fact  of  the  large  proportion  of  urea  found  in  the  liver  as 
compared  with  the  other  organs;  and  especially  from  the  fact  that  after 
passing'  through  the  liver  the  blood  contains  an  increased  amount  of  urea. 
The  urea* of  the  liver  is  not  to  any  great  extent  derived  from  proteid,  be- 
cause this  would  involve  a nutritive  loss.  Hence  it  is  concluded  that  the 
larger  part  of  the  proteid  absorbed  passes  into  circulation  without  any 
storage  in  the  liver,  the  excess  of  proteid  being  stored  in  some  other  part 
of  the  body,  especially  the  muscles.  This  is  proved  by  the  faetthatwhen 
a large  proportion  of  proteid  is  absorbed  the  muscle  metobolism  is  in- 
creased. As  to  the  way  in  which  this  increased  metabolism  takes  place 
there  is  a difference  of  opinion.  According  to  Voit  the  increased  proteid 
passes  in  circulating  form  into  contact  with  the  bioplasm,  the  result  of 
contact  being  metabolic  activity  in  the  circulating  proteid.  Pfluger  holds 
the  view  that  the  increased  proteid  becomes  a part  of  the  tissue  substance 
so  that  there  is  an  increase  of  the  actual  bioplasm,  this  increase  promoting 
an  increased  katabolism.  Pflug'er  took  the  blood  of  a fasting  dog  and 
passed  it  through  the  limbs  and  liver  of  a dog  which  had  been  well  fed  on 
proteid  and  also  of  a fasting  dog.  He  then  reversed  the  experiment, 
taking  the  blood  of  a well  fed  dog  and  passing  it  through  the  limbs  and 
liver  of  a fasting  dog.  In  the  case  of  the  blood  from  a fasting  dog  passed 
through  a well  fed  dog  there  was  an  increase  of  urea;  in  the  case  of  the 
blood  of  a fasting  dog  passed  through  a fasting  dog  thcie  was  but  a 
slight  change  in  the  amount  of  urea  by  diminution  in  some  of  the  experi- 
ments; and  where  the  blood  of  a well  fed  dog  was  passed  thiough  a fasting 
dog'  there  was  a marked  diminution  in  the  amount  of  urea;  in  both  of  these 
cases  there  was  no  proteid  metabolism.  Pfluger  concludes  from. these 
that  increased  proteid  causes  the  bioplasm  to  grow  and  produces  moi  e 
active  metabolism,  while  decreased  proteid  diminishes  the  bioplasm  and 
reduces  the  metabolism.  That  this  so  seems  to  be  the  basis  of  the  theory 
of  athletic  trainers,  a food  being  used  consisting  largely  of  pioteul,  tic 
result  being  an  increase  of  proteid  metabolism  and  the  growth  of  tissue. 
This  does  not  continue  however  because  very  soon  the  entne  pioteic 

absorbed  is  passed  off  in  the  form  of  urea. 

Ur  ISA. — Urea  is  found  in  the  blood  in  very  small  quantities,  thiee 
parts  in  10,000.  ~A  pafTAfThe  excreted  urea  is  therefore  simply  separa- 
ted from  the  blood,  this  separation  taking  place  in  the  kidneys.  1 he  urea 
thus  brought  to  the  kidneys  in  the  blood  for  separation  must  have  had  an 
antecedent  in  something  else.  It  is  not  supposed  that  all  at  once  t ie  pi  < 
teid  under  metabolism  becomes  urea  and  the  other  non-niti  ogenous  si. 
stances.  Metabolism  is  not  likely  to  take  place  in  a single  change  but 
rather  in  a series  of  changes,  this  series  being  different  in  ul  pio  M ’’ 1 
in  different  tissues  of  the  body,  because  the  different  tissues-liave  diliei- 
ent  processes  and  all  these  seem  to  converge  towards  the  point  ot  toi  m- 
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ing  the  nitrogen  in  the  urea  form  convenient  for  excretion.  As  the  pro- 
teid  transformation  to  urea  does  not  take  place  in  the  liver,  at  least  to  a 
large  extent,  in  its  early  forms  it  seems  to  take  place, at  least  in  the  initial 
stages, originally  in  the  muscles  in  which  the  oxidation  process  takes  place 
largely.  In  this  way  we  have  formed  some  substances  which  are  sup- 
posed to  represent  intermediate  stages  in  the  urea  formation.  In  the 
muscles  we  rind  very  little  if  any  urea,  at  least  in  most  animals,  so  that 
only  a small  part  of  urea  if  any  is  formed  in  the  muscles.  It  has  been  sup- 
posed by  some  that  kreatin  formed  in  the  muscles  represents  the  prelim- 
inary stage  in  the  urea  formation.  But  kreatin  when  injected  into  the 
blood  does  not  form  urea  but  is  found  as  kreatinin  in  urine.  In  connec- 
tion with  the  experiments  of  passing  blood  from  a fasting  animal  through 
the  limbs  of  a well  fed  animal  it  was  found  there  was  an  increase  of  am- 
monia salts  in  the  blood.  Ammonia  salts  injected  into  the  blood  and 
passed  through  the  liver  produce  within  the  liver  urea.  The  ammonia 
salts  are  supposed  to  synthetize  with  sarcolactie  acid  produced  in  muscle. 
From  this  it  is  supposed  that  proteid  when  metabolized  in  the  muscles 
becomes  lactate  of  ammonia  and  entering  the  circulation  reaches  the  liver 
to  be  transformed  into  urea  and  excreted  from  the  kidneys.  Experi- 
ments have  been  made  of  injecting  lactate  of  ammonia  into  the  portal  veins 
of  a dog  with  the  result  that  urea  was  formed,  the  remainder  being  excre- 
ted as  C02  and  H20.  The  proteid  in  muscle  is  supposed  to  be  divided  in- 
to nitrogenous  and  non-nitrogenous  elements,  being  in  part  at  least  con- 
verted toglvcogen which islater  oxidized  inthetissues.  Thatthisdivisionof 
the  nitrogenous  from  the  non-nitrogenous  takes  place  is  proved  in  the  case 
of  diabetes  where  even  when  proteid  food  alone  is  given  or  when  no  food  is 
given  at  all  sugar  is  formed,  the  formation  taking  place  out  of  the  tissue 
proteids. 

The  nitrogenous  body  metabolism  is,  therefore,  intimately  associated 
with  the  liver.  There  is  a formation  of  urea  in  the  liver.  It  was  found 
bv  extirpating  the  kidneys  of  a dog  that  the  urea  formation  wasincreased. 
In  passing  through  the  kidneys  blood,  even  containing  ammonia  carbonate, 
there  was  not  found  any  urea  increase  although  the  ammonia  carbonate  can 
be  svnthetized  into  urea  in  the  liver,  althoug-h  some  hold  that  there  is  a 
small  urea  formation  in  connection  with  the  kidney  cells.  It  has  been 
found  that  blood  passed  through  muscle,  even  if  it  contains  ammonia  car- 
bonate does  not  produce  urea.  On  the  other  hand  blood  passed  through 
the  liver  of  a recently  killed  animal  that  has  been  well  fed  produced  an  in- 
crease of  the  urea.  These  experiments  in  connection  with  dogs  and 
sheep  have  proved  definitely  the  formation  of  urea  in  the  liver  in  connec- 
tion with  ammonia  carbonate.  The  same  thing  is  true  of  blood  contain- 
ing the  absorbed  digestive  products,  ammonia  carbamate  and  lactate 
and  the  amides,  leucin  and  glycin.  In  diseased  conditions  of  the  liver, 
in  phosphorous  poisoning  and  when  the  liver  is  extirpated  the  urea  is  re- 
placed by  ammonia  salts.  The  acetate  of  ammonia  as  well  as  the  carbo- 
nate of  ammonia,  and  the  citrate  of  ammonia  given  to  animals  has  been 
found  to  increase  the  urea.  It  is  supposed  by  Drechsel,  as  we  found  be- 
fore, that  carbamate  of  ammonia  is  converted  out  of  the  carbonate  by  the 
elimination  of  a molecule  of  water,  and  that  the  carbamate  is  converted  by 
eliminating  another  molecule  of  water  into  urea.  Thus  outof  the  alkaline 
salt,  carbonate  of  ammonia,  there  is  formed  the  neutral  urea  in  connec- 
tion with  proteid  metabolism,  protecting  the  bodv  from  excessive  alklani- 
ty  and  excreting-  the  metabolized  product  as  waste.  This  seems  to  indi- 
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of  the  liver  cells  in  nitrogenous  metabolism.  This 
that  the  entire  nitrogenous  metabolism  takes  place 
in  the  liver.  Even  when  the  liver  is  removed  or  when  it  is  degenerated 
by  disease  there  is  still  an  excretion  of  the  urea,  although  it  is  diminished 
and  it  is  largely  replaced  by  ammonia  salts,  although  it  is  not  known  in 
what  other  parts  of  the  body  the  urea  is  formed. 

In  the  change  from  proteid  to  urea  we  find  three  different  channels, 
(1)  through  leucin  and  ty  rosin  in  connection  with  the  intestines;  f 2 > through 
the  floating  proteid;  (3)  through  the  tissue  proteid.  In  each  case  the  cen- 
ter activity  is  tlie  tissue  which  while  not  changing  considerably  itself 
changes  the  proteid  that  comes  in  contact  with  it.  It  is  formed  largelv 
in  the  liver  where  most  of  the  nitrogenous  remnants  of  the  proteids  are 
finally  changed  to  urea.  The  evidence  may  be  summarized,  (1)  the  fact 
that  a still  living  liver  when  excised  forms  urea  from  ammonium  carbo- 
nate; (2)  the  fact  that  blood  from  an  animal  during  digestion  passed  through 
an  excised  liver  produces  an  increase  of  urea;  (3)  the  fact  that  in  fattv 
liver  degenei'ation  and  yellow  atrophy  of  the  liver  the  urea  may  almost  be 
absent,  being  replaced  by  leucin  and  tyrosin.  As  to  the  substances  from 
which  it  is  formed,  it  is  primarily  as  we  have  seen  from  the  proteid  which 
is  found  in  every  tissue.  In  the  muscles  and  tissues  in  general  are  found 
a series  of  bodies  containing  N,  more  simple  than  proteid  and  less  oxi- 
dized than  urea.  Among'  these  are  guanin  in  the  pancreas,  liver  andmus- 
cles;  xanthin  and  hvpoxanthin  in  the  spleen, diver  and  muscles;  kreatin  in 
muscle  and  blood  and  uric  acid  in  the  spleen,  liver,  pancreas  and  lungs. 
There  is  no  proof  however  that  any  of  these  lie  on  the  way  to  the  urea  in 
the  metabolic  process.  There  is  some  proof  that  leucin  is  a precursor  of 
urea  as  found  in  the  intestines.  In  some  animals  especially  birds 
uric  acid  instead  of  urea  is  the  final  product  of  metabolism.  It 
is  probable  that  like  the  formation  of  urea  the  formation  of 
uric  acid  results  from  certain  substances  primarily  formed  in  the  muscles, 
as  lactic  acid  and  ammonia,  the  change  to  uric  acid  taking  place  in  the 
liver.  The  uric  acid  is  not  formed  in  the  kidneys  although  separated  from 
the  blood  by  the  kidneys,  for  when  the  kidneys  are  removed  it  accumu- 
lates in  the  blood  and  tissues.  Uric  acid  is  not  so  fully  oxidized  as  urea. 
In  man  it  is  characteristic  of  a gouty  condition  that  there  is  an  increase  ol 
uric  acid  formation  and  a deficiency  of  urea.  It  is  normally  present  in 
human  urine  and  is  found  in  the  blood,  the  tissues  and  spleen.  The  liver 
of  birds  has  been  removed  and  in  some  cases  the  portal  vein  has  been 
ligatured  with  the  result  that  there  was  a decrease  of  uric  acid  in  the 
urine  with  a large  increase  of  lactate  of  ammonium.  This  represents  the 
sarcolactic  acid  of  muscle  and  as  it  is  found  in  large  quantities  the  urine 
in  these  conditions  is  very  acid.  There  were  found  no  amides  and  no  sul- 
phates, the  kreatin  and  urea  being  unchanged.  When  the  hepatic  artery 
is  .ligatured  in  birds  the  uric  acid  is  found  to  be  replaced  by  lactate  ot 
ammonia,  on  account  of  the  interference  with  the  liver  activity  preventing 
the  change  to  carbonate  of  ammonia  and  uric  acid.  The  uric  acid  in 
mammals  is  different.  It  does  not  inereh.se  in  connection  with  proteid 
food  nor  dor  we  find  it  in  any  sense  dependent  upon  urea  excretion.  1 lie 
giving  of  ammonia  salts  or  the  amides  to  mammals  does  not  produce  ui  ic 
acid.  The  proteid  metabolism  of  mammals  is  very  different,  thcrefoi  e, 
from  that  of  birds  and  reptiles,  the  difference  being  found  in  connection 
with  the  liver,  the  substances  formed  in  the  muscles  being  the  same. 
Experiments  have  shown  that  dieting  upon  gland  substance,  especially  the 
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thymus  gland  produces  in  mammals  an  increase  of  ..uric  acid.  This  rep- 
resen fsThe  nucleo-proteid.  IFhajnSeen  found  also  that  where  the  lymph 
cells  and  the  white  corpuscles  are  greatly  increased  there  is  an  increase 
in  uric  acid.  It  has  been  found  that  during  active  digestion  when  the 
glands  are  very  active  uric  acid  is  increased.  The  same  result  is  noticed 
in  connection  with  the  use  of  pilocarpin.  When  the  liver  is  in  a . condition 
of  cirrhosis  the  uric  acid  is  decreased  so  that  it  is  not  found  in  the  liver, 
having  reached  the  kidneys  without  passing-  through  the  liver.  It  is  sup- 
posed that  by  the  disintegration  of  nucleo-proteid  in  connection  with  the 
glands  and  the  spleen  there  are  formed  proteids,  phosphates  and  xanthin, 
the  last  being  oxidized  in  the  production  of  uric  acid.  By  the  oxidation 
process  one  molecule  of  uric  acid  can  be  divided  into  two  of  urea  and  one 
of  some  carbon  acid.  This  does  not  indicate, that  uric  acid  is  a precursor 
of  urea,  for  the  facts  prove  that  it  indicates  metabolism  of  a different 
character,  the  divergence  taking  place  at  the  end  of  the  process.  The 
cause  of  this  difference  is  found  in  the  fact  that  urea  seems  suited  to  go 
it  no.  a fluid  excretion  and  uric  acid  into  a solid  excretion.  The  uric  acid 
represents  a synthetic  condition  in  which  some  other  substance  takes 
part,  as  for  example,  the  combination  of  glycin  and  urea  forming,  uric’ 
acid.  On  account  of  the  constancy  with  which  it  is  found  in  the  spleen 
and  its  variation  changing  with  splenic  activity,  it  is  supposed  to  be  form- 
ed in  the  spleen.  This  however  is  subject  to  the  fact  that  in  the  liver  the 
final  turn  is  given  to  it  so  as  to  form  it  into  uric  acid 

In  regard  to  guanin,  xanthin,  hypoxanthin  and  kindred  substances 
in  their  relation  to  metabolism  little  is  known.  They  indicate  the  com- 
plexity of  the  proteid  metabolism.  As  we  saw  urea  may  be  formed  finally 
in  different  ways.  This  may  account  for  the  fact  that  in  the  metabolism 
there  is  such  a complete  splitting  up  of  substances  into  simpler  forms. 
Some  of  these  appear  in  simple  form  in  the  urine  whether  on  account  of 
imperfect  metabolic  action  or  because  they  are  essential  in  these  forms  to 
the  metabolic  process  is  not  known.  When  the  proteid  matter  acted  on 
by  tripsin  or  by  chemical  substances  produces  leucin,  ty.rosin  and  other 
substances. accompanies  it  in  the  dissolution.  Ty  rosin  is  thus  a constant 
element  in-  decomposition,  and  this  seems  to  indicate  in  proteid  compos i* 
tion  some  arbmatic  substance  which  forms  the  basis  of  benzoic  acid  fur- 
nished for  the  formation  of  hippurie  acid.  It  is  claimed,  as  we  have  seen, 
that  nitrogenous  matter  in  the  bioplasm  appears  in  the  cyanogen  com- 
pound form,  in  the  transformation  to  dead  tissue  the  cyanogen  compound 
being  transformed  into,  an  amide.  Confirmatory  of  this  idea  is  the  fact 
that  ammonium  cyanate  by  heating  may  be  converted  into  urea.  In  addi- 
tion to  this  sulpho-cyanates  are  found  in  the  salivary  secretion  and  in  the 
urine  and  kreatin  can  be  produced  from  sarcosin  as  found  in  the  blood  and 
cyanamide.  From  all  these  facts  the  metabolism  of  proteid  is  very  com- 
plex on  account  of  the  large  number  of  nitrogenous  substances  appearing 
in  the  body. at  different  stages  of  the  metabolic  processes. 

ShC  '/VON  V/.  Carbohydrate  Metabolism. 

In  digestion  the  carbohydrates  are  converted  chiefly  to  maltose,  this 
being  changed  to  dextrose  in  absorption,  the  dextrose  being  the  only 
sugar  form  found  in  the  blood  and  in  the  tissue  fluids  generally.  In  the 
absorption  process  the  dextrose  is  taken  up  by  the  blood,  carried  in  the 
portal  circulation  to  the. liver  and  stored  there.  It  is  in  the  portal  blood 
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alone  that  an  excess  of  dextrose  is  found  during-  digestion,  between  the 
digestive  periods  the  portal  blood  loses  this  excess  of  sugar.  The  blood 
in  the  hepatic  vein  does  not  contain  during  the  absorption  process  so 
mcuh  sugar  as  the  blood  of  the  portal  vein.  From  this  it  is  concluded 
that  sugar  taken  to  the  liver  is  kept  in  the  liver  in  some  way.  Experi- 
ments seem  to  indicate  that  after  a meal  consisting  largely  of  carbo- 
hydrate there  is  an  accumulation  of  glycogen  in  the  liver.  If  in  the  case 
of  an  animal  fasting  dextrose  is  injected  into  one  of  the  mesenteric  veins 
there  is  also  an  accumulation  of  glycogen  in  the  liver.  Laevulose  or  dex- 
trose injected  subcutaneously  also  causes  glycogen  production.  If  blood 
rich  in  dextrose  is  passed  through  the  liver  of  a dog,  glycogen  is  also 
produced  in  the  liver.  The  glycogen  found  stored  in  the  liver  does  not 
account  for  all  the  glycogen  production  arising  in  connection  with  carbo- 
hydrate food,  so  that  a part  must  go  through  the  liver  into  the  general 
circulation  and  be  stored  elsewhere.  The  muscles  seem  to  take  up  part 
of  the  glycogen  as  about  one  per  cent  of  glycogen  is  found  in  normal 
muscle,  the  liver  having  been  found  in  some  cases  to  contain  as  much  as 
seventeen  pen  cent.  Taking  this  amount  stored  in  the  muscles  and  liver 
we  find  that  it  does  not  represent  all  the  carbohydrate  taken  in  connection 
with  the  food.  Even  when  we  add  the  sugar  floating  in  the  fluids  it  does 
not  represent  all  the  carbohydrate  of  the  food.  Part  of  the  sugar  may 
enter  into  the  proteid,  albuminoid  or  nucleo-proteid  composition,  so  that 
it  Is  stored  in  this  compound  form  until  required.  Glycogen  is  found  in 
large  quantities  in  the  placenta  and  in  the  embryo,  chiefly  in  the  growing 
muscles.  During  starvation  the  glycogen  gradually  passes  from  the  liver 
and  muscles.  Muscular  exercise  assists  this  glycogen  consumption  so 
that  glycogen  is  used  up  in  the  production  of  energy  and  also  of  heat.  In 
different  animals  we  find  that  during  starvation  the  glycogen  disappears 
with  different  degrees  of  rapidity.  In  horsfis.  it  has  been  found  after  a 
fast  of  ten  days,  in  dogs  after  twenty  days,  while  in  rabbits  it  is  usually 
gone  within  seven  days.  In  the  hybernating  animals  and  frogs  it  accum- 
ulates during  the  summer  in  the  muscles  and  is  used  up  during  the  win- 
ter. When  muscles  are  active  the  glycogen  is  lessened.  After  tetanus 
the  glycogen  is  found  to  be  diminished  and  in  some  cases  it  disappears, 
as  it  does  in  the  case  of  excised  muscle  when  it  becomes  rigid.  It  is  not 
known  what  becomes  of  it  as  the  sarcolactic  acid  does  not  depend  upon 
the  glycogen.  It  has  been  found  that  if  the  nerve  going-  to  a muscle  is 
cut  the  glycogen  is  increased. 

Glycogen  can  be  produced  even  when  carbohydrates  are  absent  from 
the  food.  For  example,  when  animals  are  fed  on  pure  proteid,  as  lean 
meat,  there  is  found,  even  in  the  absence  of  carbohydrates  from  the  food 
glycogen  in  the  muscles  and  liver.  By  causing  an  animal  to  work  and  at 
the  same  time  to  fast  so  that  all  the  glycogen  may  be  exhausted,  and  then 
feeding  it  on  proteid  food  the  glycogen  will  be  found  in  the  liver  and  mus- 
cles. Under  the  same  conditions  the  giving  of  chloral  will  produce  gl\  co- 
gen, the  formation  taking  place  from  the  body  proteids.  M hen  fat  is 
given  alone  or  along  with  other  food  there  is  no  production  of  glycogen. 
The  use  of  glycerine  seems  to  prevent  the  using  up  of  glycogen  and  the  use 
of  ammonium  carbonate  assists  in  the  accumulation  of  glycogen  in  the 
liver.  In  the  formation  of  the  embryo  chicken  there  iq  accumulated  a 
large  quantity  of  glycogen,  although  the  egg  contains  little  glycogen  01 
carbohydrate,  so  that  the  production  must  take  place  from  proteid  by  a 
svnthetic  process,  preceded  byr  the  dissolution  of  the  proteid  paiticle.  t 
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is  suggested  that  in  this  synthetic  process  the  dextrose  represents  one  of 
the  stages,  and  . as  dextrose  is  the  blood  form  of  sugar  it  is'  probable  that 
it  represents  the  stage  of  carbohydrate  metabolism  which  isalways  reached 
in  connection  with  its  use  in  producing  body  energy  and  heat. 

A large  proportion  of  the  food  under  the  process  of  absorption  passes 
into  the  liver  before  it  reaches  the  general  circulation.  There  are  there- 
fore important  metabolic  changes  that  take  place  in  connection  with  the 
liver.  The  liver  performs  various  functions.  We  have  already  discussed 
(1)  the  formation  oFbiTei  In  addition  tcTthis  (2)  th^  mnyprsion  o£.  o-rhiin 
substances,  for  exam  pie,  kreatinand  leucin  intourea;  (3)the,breaking  down 
of  the  red  blood  corpuscles,  the  coloring  matter  being  utilized  in  the  forma- 
mation  of  bilibrubin;  (4)  the  formation  of. fat,  and  (5)  the  formation  of  gly- 
cogen., The  formation  of  glycogen  is  closely  connected  with  the  nutritive 
processes  and  marks  the  changes  taking  place  in  connection  with  the  diff- 
erent tissues.  The  discovery  of  glycogen  formation  was  made  by  Claude 
Bernard  when  he  found  after  death  in  the  liver  a quantity  of  sugar.  In 
later  years  he  investigated  the  subject  proving  that  in  life  glycogen  is 
formed  in  the  liver  and  that  this  takes  place  under  the  influence  of  a di- 
agtatic  ferment  the  glycogen  freely  changing  into  sugar.  In  studying  di- 
gestion and  absorption  we  found  that  a quantity  of  sugar  is  carried  as  a 
result  of  these  two  processes  by  the  portal  system  from  the  alimentary 
canal  to  the  liver.  If  an  animal  is  killed  it  is  found  that  after  a short  time 
the  blood  in  the  hepatic  veins,  that  is, the  blood  which  has  passed  through 
the  liver,  contains  much  more  sug-ar  than  the  blood  in  theportal  veins, that 
is  the  blood  that  has  not  yet  circulated  through  the  liver.  If  the  liver  of  a 
freshly  killed  animal,  rapidly  taken  from  the  body,  is  cut  in  peices  and 
thrown  into  a vessel  contaning  boiling'  water,  the  infusion  is  found  to  con- 
tain little  or  no  sugar.  If,  however,  the  liver  is  kept  for  a short  time  at  a 
moderate  temperature  of  15.5  degmees  C and  then  cut  to  pieces  and  thrown 
into  boiling  water  the  infusion  will  be  found  to  contain  a quantity  of  sugar, 
the  amount  of  grape  sugar  being  proportional  to  the  length  of  time  the 
liver  is  kept  before  being  put  into  boiling  water.  There  goes  on  then  in 
the  liver  a process,  at  least  after  death,  which  results  in  the  formation  of 
grape  sugar.  W hat  is  the  source  of  this  glycogen?  If  the  opalescent 
sugarless  infusion  made  lrom The  liver  immediately  after  death  is  treated 
with  salival  ferment  or  any  other  ferment  which  has  the  powerof  convert- 
ing starch  into  sugar  the  infusion  is  found  to  become  clear  and  to  contain 
a considerable  quantity  of  sugar.  The  source  of  this  sugar  is  evidently 
some  starchy  body.  When  this  opalescent  infusion  is  treated  with  alcohol 
a white  amorphous  powder  is  obtained.  It_has  the  composition  C0H10O5  is 
a carbohydrate  and  may  be  rapidly  converted  into  sugar  by  the  action  of 
dilute  mineral-  acids.  It  is  called  glyTOgbri  and  by  some  has  been  called 
Bernardin  after  its  discoverer.  This  substance  is  evidently  present 
in  the  liver  and  probably  by  the  action  of  some  ferment  becomes  converted 
into  sugar  after  death.  The  amount  of  glycogen  varies  in  different  ani- 
mals. It  exists  in  largest  quantities  a few  hours  after  a full  meal.  It  is 
lessened  by  fasting  and  it  may  disappear  altogether  by  a prolonged  fast- 
ing. That  it  is  one  of  the  life  substances  is  evident  from  the  fact  that  it 
disappears  after  death  being  converted  into  grape  sugar.  If  an  animal 
is  starved  the  glycogen  present  in  the  liver  gradually  diminishes  in  amount 
and  through  time  it  will  disappear  entirely.  When  a diet  rich  in  carbohy- 
drates is  used  abundance  of  glycogen  is  found  in  the  liver.  If  carbohy- 
drates are  withdrawn  from  the  food  and  the  animal  is  fed  on  proteidsalone 
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there  is  still  found  some  glycogen,  The  amount  of  glycogen  isinfluenced 
by  the  character  of  the  food.  The  carbohydrates  are  transformed  into 
maltose  and  the  maltose  passes  into  the  portal  circulation.  If  glucose  is 
injected  into  the  portal  circulation  it  is  found  that  the  glycogen  formation 
is  increased.  The  formation  of  glycogen  also  is  increased  by  the  use  of 
food  rich  in  starch,  grape  sugar  or  any  other  kind  of  sugar.”  Even  the 
albumin  in  the  liver  may  be  divided  into  a nitrogenous  and  a non-nitrogen- 
ous  element,  the  latter  becoming  glycogen.  h'ats  do  not  influence  the 
amount  of  liver  glycogen.  It  is  evident  that  the  chief  source  of  the  gly- 
cogen is  the  carboh.yd rate.takeTTas  fooiTand  this  as  wgTiave  seen  reaches 
the  liver  in  the  form  of  dextrose.  In  this  way  the  very  soluble 
carbohydrate  substances  are  converted  into  the  less  soluble 
and  stored  up  in  the  liver  cells  for  the  use  of  the  tissues 
of  the  body  when  no  fresh  nutriment  can  be  derived  from  the  alimentary 
canal.  The  glycogen  becomes  transformed  into  glucose  under  the  in- 
fluence of  a ferment  found  in  the  liver,  the  conversion  being  arrested  if 
the  liver  is  placed  in  a temperature  at  or  above  100  degrees  C or  at  or  be- 
below  O degrees  C,  the  extremes  of  heat  and  cold  coagulatingthe  ferment. 
Glycerine  extracts  from  the  liver  transform  starch  into  sugar,  the  gly- 
cerine extracts  jiL-somn. other,  organs  haying  at  times  the  same  effect. 
Thg gdveerme  extract  of  muscle  has  always  this  effect.  The  existence 
of  sug-ar  in  the  blood  of  patients  subject  to  diabetes  has  long-  been  known 
but  it  is  only  recently  that  the  relation  to  glycogen  has  been  understood. 
The  amount  of  sugar  depends  upon  the  nature  of  the  food.  When  the 
amount  is  largely  increased  the  kidneys  separate  it  from  the  food  and  the 
condition  is  known  as  diabetes,  a pathological  condition  in  which  a large 
quantity  of  sugar  is  found  in  the  urine,  due  as  we  have  said  to  the  pres- 
ence of  "a  large  proportion  of  it  in  the  blood.  If  the  medulla  of  a well  fed 
animal,  for  example  a rabbit,  be  punctured  in  the  region  of  the  vaso-motor 
center,  it  will  be  found  in  the  course  of  an  hour  or  two  that  the 
urine  has  a considerably  increased  quantity  of  sugar.  The  more  rich 
the  liver  is  in  glycogen,  in  other  words  if  the  animal  is  well  fed,  the  results 
will  be  more  marked.  If  on  the  other  hand  the  animal  is  starved  the  urine 
will  be  found  to  contain  no  sugar  or  almost  none.  The  puncture  in  the 
medulla  causes  the  profuse  discharge  of  the  sugar  from  the  liver,  until  it 
becomes  exhausted,  for  the  urine  will  continue  to  exhibit  a marked 
increase  in  the  proportion  of  sugar  until  a maximum  is  reached  after 
which  the  urine  will  be  normal.  It  was  formerly  supposed  that  thesugar 
was  completely  oxidized  in  the  lungs,  on  account  of  the  oxidizable  nature 
ofthe~  glucose,  particularly  in  the  alkaline  blood.  I'll  is  however  is  proved 
erroneous  by  the  discovery  of  the  fact  that  the  amount  of  sugar  in  the 
blootT at  the  left  side  of  the  heart  is  not  smaller  than  that  found  in  the 


blood  on  the  right  side  of  the  heart. v 

In  addition  to  this  sugar  is  found  in  the  blood  in  connection  with  all 
the  body  tissues  particularly  in  the  muscles.  Muscle  also  contains  ulvco- 
gen  or  animal  starch.  Muscle  contains. glycogen  even  after  being  depriv- 
ed (TT  "ioo'd,  Oie'  mTfscular  action  of  the  tissue  using  up  the  glycogen  not 
onl  vlisTound  in  the  tissues  but  also  aslstaced  in  the  liver.  The  glycogen 
converted  into  sugar  is  first  used  up  by  the  muscles  and  it  is  used  in  the 
tissue-building.  Under  the  influence  of  curare  diabetes  may  be  induced 
resulting  in  paralysis  of  the  muscles  of  voluntary  activity,  on  account  of 
the  fact  "that  the  inactive  muscles  do  not  use  up  the  sugar,  the  sugar 
accum ulating  in  the  blood  and  being  excreted  in  the  urine.  1 hishowexei 
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is  perhaps  better  explained  on  the  basis  of  paralysis  of  the  vaso-motor 
center.  While  there  is  no  doubt  that  after  death  blood,  if  made  to  circu- 
late through  the  liver,  contains  more  sugar  in  the  hepatic  vein  than  in  the 
portal  vein,  it  is  not  settled  as  to  whether  the  same  condition  exists  during 
life  or  not.  Different  observers  have  given  different  results.  Those  who 
hold  that  no  more  sugar  is  present  during  life  in  the  hlnnd  of 
the  hepatic  vein  than  in  the  blood  of  the  portal' vein  regard  the  glycogen 
as  one  of  the  stages  of  a process  ’which  consists  in  the  conversion  of  carbo- 
hydrates and  perhaps  even  of  proteids  by  the  liver  into  fats.  Almost  all 
the  evidence  in  favor  of  this  idea  is  the’fact  that  oil  globules,  sometimes 
in  great  abundance,  are  found  in  the  hepatic  cells.  The  formation  and 
presence  of  glycogen  in  the  liver  are  according  to  this  view  to  be  regarded 
m early  as  a step  towards  the  formation  of  another  substance,  namely  the 
fat.  The  theory  opposed  to  this  is  that  the  glycogen  in  the  liver  is  a 
store  of  carbohydrate  matter  which  can  by  the  conversion  of  theglvcogen 
into  sugar  be  drawn  upon  by  the  economy  of  the  system  when  digestion 
is  not  going  on,  that  is,  when  no  carbohydrates  are  being  furnished  to  the 
blood  from  the  alimentary  canal.  The  sugar  and  starchy  substances 
of  the  food  which  result  from  the.process  of  digestion  and  absorption  pass 
into  the  blood  of  the  alimentary  canal  as  grape  sugar  and  as  such  are  con- 
veyed l^The  liver.  Part  of_this  grape-sugar  passes  at  once  into  the 
circulation,  supplying  the  immediate  necessities  of  the  bodily  system,  the 
excess  being  stored  in  the  liver,  dehydrated  and  stored  as  ' glycogen. 

1 he  amount  present  in  the  liver  varies  depending  upon  the  food,  the 
amount  of  exercise,  and  body  heat.  The  vacation  lies  between  one  and 
four  per-cent  of  the  liver  weight.  If  the  diet  is  largely  carbohydrate  this 
is  increased.  In  the  dog  it  has  been  found  to  rise  to  17  per-cent  and  in 
man  to  10  per-cent.  The  glycogen  exists  in  the  liver  cells  being  found  by 
microscopic  examination  in  connection  with  the  liver  bioplasm.  It  is 
easJlLlll^£4A£lLl)eingj^ ubleJLn_wat^  ent  in  solution,  in  re- 
action— with iodine solutions giving  a"  character! stir  port  wine 

.color,  c — 

When  food  is  not  supplied  to  the  alimentary  canal  there  is  no  carbo- 
hydrate matter  furnished  to  the  blood  and  it  is  then  that  the  stock  of 
glycogen  stored  in  the  liver  is  drawn  upon.  In  this  way  the  regular  supply 
of  carbohydrate  is  furnished  to  the  body  system.  In  favor  of  this  idea  is 
t ic  fact  that  the  amount  of  sugar  in  the  blood  is  constant,  remaninin^*  al- 
most  the  same  when  the  food  is  being  taken  as  in  the  interval  between 
meals.  It  would  seem  that  the  function  of  glycogen  in  the  liver  is  for  the 
purpose  of  sujiplyingj^tock  to  be  converted  into  sugar  and  to  pass  into 
the  blood.  The  question  arises,  what  is  the  function  of  this  sugar.  It 
was  at  one  tune  supposed  that  the  sugar  furnished  to  the  blood  by  the 
liver  was  oxidized  in  the  passage  of  the  blood  through  the  lungs.  'This 
hovvever  as  we  stated  before  is  incorrect.  This  was  based  on  theanatomv 
ot  the  circulation  and  also  on  the  fact  that  glucose  in  an  alkaline  medium 
like  blood  is  very  easily  oxidized.  Hence  the  theory  that  when 
it  reaches  the  general  circulation  it  is  distributed  to  the  tissues  of  the 
body,  especially  to  the  muscles,  seems  to  be  generally  accepted.  In  this 
way  there  are  furnished  to  the  muscles  the  necessary  materials  required 
tor  inusde  contraction,  so  as  to  maintain  the  contractility  of  muscle. 

,.  hls  ls  Proved  bX  the  fact  that  sugar  exists  in  the  blood  circulating  in  all 
tissues. 

It  is  found  in  all  muscle  varying  from  onc-half  to  one  per-cent.  Even 
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some  that  the  muscle  really  performs  the  same  function  as  the  liver, 
namely  withdrawing-  sugar  ..from  the  blood  and  converting-  it  into  glyi 
gen,  the  muscle  forming-  in  itself  a small  store  house  of  deposited  carbo- 


wlthholding-  all  carbohydrates  there  is  a fall  of  temperature,  indicating 
that  sugar'is  necessary  for  body  heat.  It  is  certain  that  sugar  is  essen- 
tial for  the  tissue  upbuilding  the  glycogen  being-  found  mgr eat abundanc e 
in  embryonic  and  growing-  tissues.-  If  the  muscle  becomes  tetanizciLlInn 
tlnnrmovrnt  of  .glycogen  is  diminished.  Although  we  have  proof  of  the 
existence  of  a ferment  in  connection  with  the  liver  after  death,  this  yl< 
not  prove  that  such  a ferment  exists  during-  life,  any  more  than  fibrin  in 
shed  blood  would  prove  the  existence  of  the  fibrin  ferment  in 
living  blood.  Aside  from  the  question  of  the  existence  of  the  ferment, 
there  still  remains  the  difficulty  of  explaining-  how  in  the  presence  of  such 
a ferment  g"lycog-en  could  be  stored  up  in  the  liver,  and  why  that  fei  mcnt 
appears  to  have  such  a strong  effect  immediately  after  death. 

From  the  fact  that  the  puncture  of  the  vaso-motor  region  of  the  me- 
dulla produces  paralysis  of  the  hepatic  vessels,  it  has  been  concluded  that 
the  increased  flow'  of  arterial  blood  through  the  liver  which  re- 
sults in  the  formation  of  sugar  or  its  appearance  in  the  urine  and  that  the 
ferment  which  converts  the  glycogen  into  sugar  is  conveyed  to  the  liver  by 
the  arterial  blood.  The  fart  is  apparent  that  the, presence  of  a large. pro- 
portion of  arterial  blood  in  the  liver  increases  the  transformation  ol 
cogen  into  sugar.  Claude  Bernard  first  found  that  the  puncturing  of  the 


hydrates  which  can  be  drawn  upon  according  to  the  requirements  of  the 
n The  muscles  draw  upon  the  stored-up  glycogen  m the  liver. 

V cle  contraction  takes  place  the  amount  of  glycogen  is  diminish- 

ed. It  is  generally  held  now  that  when  the  glycogen  is  changed  to  sugar 
it  is  used  up  in  the  mu  seres  and  that  it  is  necessary  lor  the  muscle 
anabolism  and  to  mauitain  muscle  contractility^  IFislilso  held  that  by 


cle  contraction  takes  place  the  amount  of  glycogen  is  diminish- 
It  is  generally  held  now  that  when  the  glycogen  is  changed  to  sugar 
s used  up  "m~TRe~ muscles  and  that  it  is  necessary  lor  the  muscle 
^holism  and  to  maintain  muscle  contracilllty.  IFisalso  held  that  by 


rates  which  can  be  drawn  upon  according  to  the  requirements  of  the 
TffFmuscTcs  draw  upon  the  stored-up  glycogen  irftfic  liver. 
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ing  the  annulus  of  Yieussens,  proceeding- thence  to  the  first  dorsal  grange- 
lion  and  through  the  sympathetic  and  the  semi-lunar  ganglion  to  the 
hepatic  vessels  of  the  liver.  If  a division  is  make  of  any  of  these  nerve 
connections  the  liver  paralysis  ensues,  followed  by  dilatation  of  the  blood 
vessels  and  the  increased  production  of  sugar.  Cyon  has  pointed  out  that 
for  the  increased  formation  of  sugar  it  is  necessary  that  there  be  an  in- 
crease  in  the  blood  flow.  This  increased  blood  flow  may  be  effected, 
either  ( 1)  by  the  direct  paralysis  of  the  vaso-motor  center,  or  (2).  by  the 
inhibitory  action  of  the  sensory  nerves  upon  the  vaso-motor  center.  If 
the  vagus  is  divide#  arid  the  cephalic  end.be  subjected  to  stimulation  the 
liver  increases  in  activity  on  account  of  the  increased  blood  flow  through 
jtr  In  this  case  the  vagus  exercises  an  inhibitory  action  upon  the  vaso- 
motor center.  (3)  The  same  effect  may  be  produced  reflexly  by  the  stim- 
ulation of  the  pneumogastric  in  its  termnal  branches  in  the  liver  or 
lungs,  in  the  main  trunk  of  the  pneumogastric  or  at  its  roots  in  the 
medulla. 

It  has  been  found  that  the  division  of  the  sympathetic  between  the 
10th_a_nd  12th  ribs  does  not  produce  sugar  in  the  urine.  Cyon  explains 
this  by  the  fact  that  in  addition,  to  the  dilatation  of  the  liver  vessels  there 
must  be  an  increased  blood  flow  to  produce  sugar  accumulation.  The 
blood  increase  is  the  important,  point.  The  intestinal  vessels  when  dilat- 
ed can  hold  as  much  blood  as  all  the  other  vessels  of  the  body,  the  lower 
part  of  the  cord  and  the  splanchnic.s  supplying  vaso-motor  fibres.  If  these 
are  severed  the  intestinal  and  hepatic  vaso-motors  are  paralyzed,  dilatation 
of  the  vessels,takes  place  so  that  so  much  blood  is  retained  in  these  vessels 
that  no  blood  can  be  sent  to  the  liver  to  increase  its  circulation. 
If  the  hepatic  vessels  are  dilated  and  after  the  cord  and  splanchnics 
are  divided,  the  formation  of  sugar  takes  place,  because  the  circulation 
through  the  liver  has  been  first  firmly  established.  The  vessels  of  the 
liver  may  also  be  dilated  by  the  inhibition  of  the  vaso-motor  centers 
through  the  sensory  nerves  for  example,  the  sciatic  or  the  vagus.  By 
cutting  the  vagus  in  the  neck  and  stimulating  the  upper  end  hepatic  dil- 
atation follows  and  sugar  is  found  in  the  urine.  Here  the  vagi  through 
some  of  their  fibres  inhibit  the  vaso-motor  center.  Wherever  the  liver 
blood  pressure  is  increased  there  is  an  increase  in  sugar  production.  It 
is  inferred  trom  this  that  the  substances  which  form  the  ferment  for 
glycogen  formation  are  carried  to  the  liver  by  the  hepatic  artery.  Paw 
thinks  that  whenever  a larger  supply  of  arterial  blood  passes  through  the 
liver  than  normal  there  is  the  production  of  glycosuria.  Bv  injecting 
defibrinated  arterial  blodd  into  the  portal  vein  he  found  an  increase  of 
sugar  m the  urine,  so  that  whenever  the  blood  becomes  over-oxvgenated 
or  over-carbonated  the  blood  so  influences  the  glycogen  as  to  produce 
sugar. 


Glycogen  is  found  in  other  parts  of  the  body  besides  the  liver.  The 
skeletal  muscles  particularly  manifest  the  presence  of  glycogen,  so  much 
so  that  it  becomes  an  almost  invariable  element  in  connection  with  muscle 
tjpsues.  r\  he  amount  varies  in  different  muscles  and  also  in  different 
animals.  It  increases  when  the  nervous  connection  is  cut  off  from  the 
muscles,  and  it  is  lessened,  passing  into  dextrose  when  the  muscles  be- 
come rigid.  It  is  not  however  a necessary  constituent  of  muscle  in  the 
i egular  muscular  metabolism,  because  muscles  possess  the  contractility 
characteristic  of  muscle  even  without  glycogen.  It  is  found  that  in 
embryonic  life  the  muscle  is  very  abundantly  supplied  with  glycogen,  the 
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glycogen  gradually  being  diminished  as  the  process  of  striation  proceeds. 
In  this  case  the  large  proportion  of  glycogen  is  stored  in  the  muscles  so 
as  to  accelerate  the  rapid  embryonic  changes  from  the  simple  cellular 
protoplasm  to  the  striated  muscle.  It  is  this  fact  that  helped  to  formulate 
the  conclusion  that  the  same  function  is  discharged  in  the  adult  life,  the 
carbohydrate  matter  being  so  stored  up  as  to  be  immediately  at  hand  as 
available  material  in  the  muscular  metabolism.  Glycogen  is  also  freely 
found  in  connection  with  the  placenta  in  which  it  is  found  in  connection  with 
the  epithelial  cells  that  mark  the  separation  of  the  foetus  from  the  mother. 
In  this  case  it  discharges  the  same  function,  providing  a store  of  carbo- 
hydrate material  for  the  nourishment  and  upbuilding  of  the  foetus.  In 
the  metabolism  of  the  body  from  its  earliest  stages  during  the  entire 
period  of  existence  glycogen  plays  a most  important  part  in  connection 
with  body  development. 

In  regard  to  the  carbohydrates,  whether  they  passthrough  the  glyco- 
g’en  stage  or  not,  they  finally  become  oxidized  in  the  form  of  C02  and  H20 
to  be  excreted  from  the  body.  When  carbohydrate  is  given  in  the  food 
the  C02  given  off  is  increased.  The  C02  production  takes  place  gradually 
out  of  the  stored  up  matter  in  the  liver  changed  from  carbohydrate.  It 
is  in  the  dextrose  form  that  it  is  carried  to  the  tissues  and  oxidized.  The 
oxidation  takes  place  either  in  connection  with  proteid  metabolism,  by  be- 
coming part  of  the  bioplasm  and  then  being  split  up  and  oxidized:  or 
else  by  being  brought  into  contact  with  the  bioplasm.  Some  claim  that 
alI~body  energy  is  derived  from  carbohydrate  oxidation.  The  carbo- 
hydrate is  carried  to  the  tissues  by  the  blood,  being  formed  either  from 
the  fat  or  proteid  in  connection  with  the  liver  cells  or  else  in  connection 
with  the  carbohydrate  stored  in  the  liver  cells.  This  goes  on  the  sup- 
position that  metabolism  consists  of  producing  and  destroying  carbo- 
hydrate in  some  form.  SeegerLjhQlds„that  this  is  so,  contending  that  even 
the  proteid  in  its  non-niti'ogenous  elements  become  converted  to  carbo- 
hydrates before  its  oxidation  takes  place. 

The  theory  of  Bernard  is  more  acceptable.  HeTmutd-that- there  fs  a 
constant  passage  of  sugar  from  the  liver  to  tne  tissues  through  the  hepatic 
blood,  even  when  an  animal  TsTdeprived  of  food,  except  at  the  very  close 
of  a long  starvation  period.  The  hepatic  blood  always  contains  sugar  no 
matter  what  the  food  may  be,  proteids,  fat  or  carbohydrate.  Seegen 
claims  that  the  hepatic  blood  always  contains  more  sugar  than  the  rest  of 
the  blood  in  the  body.  Seegen’s  experiments  do  not  take  account  of  the 
fact  that  the  infliction  of  pain  upon  an  animal  produces  the  change  ol 
glycogen  into  sugar.  He  himself  admits  that  when  pain  is  removed  by 
administering  anaesthetics  there  is  a very  slight  difference  between  the 
hepatic  blood  and  the  normal  arterial  blood.  Pavy  has  more  vigorously 
assailed  the  Bernard  theory  Tie  killed  an  animal  by  a stunning  blow  on 
the  head  and  immediately  took  blood  from  the  hepatic  circulation  before 
there  was  time  for  any  hepatic  change.  He  finds  that  the  blood  coining 
from  the  liver  does  not  show  any  variation,  or  only  very  slight,  in  the 
substances  reduced  to  sugar  form  over  the  rest  of  the  blood.  Phese  con- 
tradictory results  leave  the  question  unsettled.  If  the  hepatic  blood  con- 
tains a large  proportion  of  sugar,  then  it  implies  the  constant  passage  of 
sugar  from  the  liver  to  the  general  circulation  for  the  nourishment  ol  the 
tissues  and  to  be  oxidized  in  producing  energy.  If  it  does  not  contain  an 
excess,  then  the  glycogen  we  have  found  stored  in  the  liver  becomes 
hausted  and  this  explains  how  it  is  found  in  the  muscles. 


ex- 

Paw  concludes 
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that  the  <rly  cogen  stored  in  the  liver  and  muscles  becomes  convei  ted  into 
fats,  which  enter  the  circulation  and  are  carried  to  the  different  tissues 

of  the  body  to  be  oxidized.  . , 

Another  theory  suggests  that  it  is  immediately  oxidized  and  pro- 
duces energy  and  'heat.  " It  is  probable  that  the  glycogen  passes  from 
the  liver  to  the  muscles  from  the  fact  that  the  chief  oxidation  processes 
take  place  in  the  muscles  and  that  the  glycogen  remains  longer  in  the 
muscles  than  in  the  liver  under  starvation.  The  transference  from  the 
liver  to  the  muscles  cannot  be  in  the  pure  glycogen  form,  because  the 
blood  plasma  does  not  contain  glycogen,  the  leucocytes  containing  all  the 
glycogen  found  in  the  blood.  It  is_this-la.ct  that  leads  to  the  theoiy  of  its 
conversion  into  sugar  form  before  leaving  the  liver.  It  is  difficult  to  esti- 
mateThe  amount  of  sugar  in  the  blood,  the  estimates  that  have  been 
formed  being  imperfect,  because  the  basis  taken  has  been  the  reduction 
of  the  cupric  salts.  There  are  other  substances  that  effect  this  i eduction 
aside  from  sugar.  Hence,  we  may  say  that  it  has  not  been  detei  mined 
what  amount  of  glucose  has  been  found  in  the  blood.  . I he  theoi  y of 
Bernard,  therefore,  rests  rather  upon  analogy  and  indirect  than  upon 
direct  evidence. 

The  strongest  proof  is  found  in  the  fact  that  dextrose  is  formed  out 
of  glycogen  in  the  liver  under  the  influence  of  nervous  stimulation,  by 
artificial  interference  with  the  hepatic  circulation  as  well  as  under  the  in- 
fluence of  certain  poisons  and  by  the  preservation  of  body  temperature  in 
the  liver  after  death.  The  glycogen  is  stored  up  in  the  liver  for  the  pur- 
pose of  supplying  the  carbohydrates  gradually  for  normal  use.  As  the 
carbohydrate 'forms  the  bulk  of  the  food,  the  regulation  of  its  supply  to 
the  tissues  is  an  important  matter.  On  the  other  hand,  when  the  activity 
of  the  liver  cells  is  destroyed  after  death,  or  when  chemical  action  is  ar- 
rested this  change  to  sugar  does  not  take  place.  Noel  Paton  linds  that 
when  the  liver  cfellsare  crushed  in  a mortar  there  is  no  change  from  glyco- 
gen to  sugar.  Bernard  solved  this  by  stating  that  the  transformation 
takes  place  under  the  action  of  an  amylolytic  ferment  derived  from  the 
blood  This  is  denied  by  Dastre  and  others  who  state  that  55  degrees  C 
is  sufficient  temperature  to  destroy  the  ferment  and  that  the  same  thing 
is  true  of  exposure  in  an  ice  cold  sodium  salt  solution.  It. is  contended 
that  the  action  is  not  due  to  a ferment  but  to  cell  protoplasmic  activity. 
It  is  claimed  that  in  the  case  of  the  action  of  the  amylolytic  ferment  mal- 
tose and  not  dextrose  is  produced,  while  in  the  liver  activity  glycogen  is 
changed  to  dextrose.  The  most  recent  experiments  of  Pavy  and  others 
have  shown  that  a powerful  ferment  can  be  derived  from  the  liver  of  rab- 
bits hardened  in  alcohol,  the  sugar  found  being-  dextrose  although  it  may 
be  mixed  with  maltose,  the  conclusion  being-  that  it  is  derived  from  the 
ferment  found  in  connection  with  the  blood  and  lymph.  The  glycogen  is 
reconverted  to  dextrose,  in  all  probability,  by  the  activity  of  the  liver 
cells  in  metabolism.  Pavy  strongly  denied  that  under  any  normal 
conditoins  sugar  formation  takes  place  in  the  liver  the  sugar 
found  in  the  liver  and  in  the  hepatic  blood  being  due 
to  post  mortem  action.  If, as  is  claimed,  the  sugar  transformed 

in  the  liver  is  carried  off  quickly  by  the  blood,  then  in  reality  there  is  no 
sugar  in  the  liver  as  it  is  taken  off  as  soon  as  formed.  Neol  Paton  in  the 
Journal  of  Physiology,  September  1867,  cites  a large  number  of  experi- 
ments in  which  he  claims  that  there  is  direct  proof  of  the  fact  that  there 
is  not  developed  after  death  an  amylolytic  enzyme  in  the  liver,  but  that 
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the  experiments  prove  that  the  change  from  glycogen  to  glucose  takes 

J -A1*  Cl9  li  1 1 h e ^ fl  Uie  ^ C e ol, the  actlve  kalil  bul ' tdTanges  taking  ' place  in 
the  Tfvei  cell.  He  claims  that  enzyme  action  and  katabolic  cell  activity 
ape  analogous,  the  ferment  action  being  due  to  certain  forms  of  motion 
associated  with  matter.  Here  the  katabolic  side  of  the  metabolism  pre- 
vat  s.  Pavy  and  1 ebb  both  defend  the  view  that  there  is  a liver  ferment 
and  th. autos. .under  its  action  that  the  transformation  of  glycogen  to  dex- 
trose takes  place.  & * s 

By  giving  successive  doses  of  phloridizin,  which  is  a glucoside  or 
phloretin  or  by  the  subcutaneous  injection  of  these  there  are  found  in 
the  urine  larg*e  quantities  of  dextrose,  the  glvcogen  being  decreased  in 
the  liver,  even  when  the  animal  is  fasting  or  fed  on  proteid  alone.  Part  of 
the  sugar  may  come  from  the  phloridizin  itself  but  this  can  not  account 
loi  the  quantity  nor  can  it  account  for  the  same  result  from  phloretin  It 
requires  successive  doses  to  extract  all  the  glycogen  from  the  liver' and 
muscles.  Even  after  all  the  glycogen  has  been  removed  from  the  liver 
the  administration  of  doses  of  these  substances  will  produce  sugar  in  the 
mine,  the  tissues  being'  drained  and  then  if  the  substances  are  still  given 
the  pi oteid  metabolism  produces  sugar.  That  this  is  so  is  proved  bv 
the  iact  that  the  nitrogenous  elements  of  the  urine  are  correspondingly 
increased  with  the  sugar.  If  by  fasting  and  exercise  the  glycogen  is  ex- 
hausted, the  administration  of  phloridizin  will  produce  sugar  in  the  urine, 
in  this  case  from  its  quantity  seeming  to  arise  from  tissue  proteid  dis- 
solution. Even  if  the  liver  is  rendered  useless  the  administration  of  phlori- 
dizin will  produce  sugar.  This  seems-to  indicate  the  immediate  formation 
of  sugar  from  proteid  without  the  formation  of  glycogen,  as  in  acute 
diabetes  where  the  product  of  proteid  metabolism 'seems  to  be  carbo- 
hydrate formation  and  sugar  which  passes  directly  to  the  blood.  Some 
physiologists  claim  that  sugar  formation  in  these  cases  takes  place  in  the 
kidneys  as  it  has  been  found  that  if  the  renal  blood  vessels  are  ligatured 
no  sugar  accumulation. takes  place  in  the  blood,  Minkowski  claims  that 
phloridizin  is  divided  up  in  the  kidneys  into  phloretin  and  sugar,  the  sugar 
being  excreted  and  the  phloretin  being  synthetized  with  sugar  again. 
Diabetic  conditions  may  also  be  produced  by  the  use  of  curare,  even  in 
the  frog  where  there  is  no  interference  with  respiration  as  there  is  in 
other  animals. 


The  pancreas  has  an  intimate  relation  to  carbohydrate  metabolism. 
Mering  found  that  “by  the  total  excision  of  the  pancreas  the  diabetic  con- 
dition resulted.  It  was  at  first  supposed  that  this  was  due  to  the 
action  of  the  nervous  system  rather  than  the  pancreatic  action.  Minkow- 
ski confirmed  the  experiments  of  Mering  on  the  cat  and  dog,  proving  that 
the  removal  of  the  pancreas  resulted  in  acute  diabetes,  represented  bv  a 
large  water  excretion  and  the  presence  in  the  urine  of  sugar  and  a num- 
ber of  acids.  It  w'as  shown  by  further  experiments  that  this  was  not  due 
to  the  lack  of  gland  secretion,  and  also  that  if  a portion  of  the  pancreas, 
even  a very  small  portion  and  even  if  it  is  removed  from  its  normal  posi- 
tion, is  left  the  sugar  accumulation  does  not  take  place.  Many  recent 
experiments  have  confirmed  the  fact  that  by  the  removal  of  the  pancreas 
there  is  immediately  a large  increase  of  sugar  in  the  blood  and  urine. 
This  represents  the  same  condition  so  far  as  the  blogd  is  concerned  as 
puncture  diabetes,  namely,  an  increase  of  the  sugar  in  the  blood.  Accom- 
panying this  is  the  disappearance  of  the  liver  glycogen.  Even  when  car- 
bohydrate is  withheld  from  the  food  this  sugar  continues  to  be  excreted. 
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being-  derived  evidently  from  the  proteid  metabolism.  The  pancreas 
seems  to  assist  carbohydrate  metabolism  either  by  aiding-  in  the  forma- 
tion of  glycogen  in  the  liver  or  by  aiding-  in  the  dextrose  oxidation  in  the 
tissues.  In  both  cases  the  dextrose  will  be  prevented  from  accumulating 
in  the  blood.  TrTwffat  way  the  pancreas  does  this  is  unknown.  The  'pan- 
creatic diabetes  is  not  of  necessity  the  result  of  the  change  from  g-lycog-en 
as  the  diabetic  condition  continues  even  after  the  glycogen  is  exhausted 
and  even  during  the  existence  of  glycogen  the  sugar  is  too  excessive  to  be 
accounted  for  in  this  way.  Some  think  it  is  due  to  the  absence  of  the  fer- 
ment from  the  blood,  the  glycolytic  ferment  being-  formed  according  to 
Lepine  and  Harley  in  the  pancreas.  The  pancreatic  diabetes  is  not  hin- 
dered by  feeding  the  pancreas  in  food  nor  does  it  seem  that  any  poison 
in  the  blood  produces  the  diabetic  condition,  as  the  diabetic  blood  of  one 
animal  does  not  produce  diabetes  in  a normal  animal.  It  must  therefore 
depend  upon  the  withdrawal  of  some  substance  furnished  by  the  pan- 
creas. Schaefer  suggests  that  it  is  due  to  the  formation  of  a substance 
in  the  peculiar  cells  of  the  pancreas  which  are  richly  supplied  with  blood 
vessels  and  have  no  connection  with  the  alveoli.  -This  is  the  only  physio- 
logical difference  between  the  pancreas  and  the  salivary  glands  and  as  the 
salivary  glands  have  no  influence  upon  metabolism,  this  seems  tt>  be  a 
reasonable  theory.  In  the  case  of  diabetes  when  the  body  becomes  over- 
charged with  stored  up  carbohydrate  it  has  been  found  accumulated  in 
the  brain  and  in  the  glands  of  the  body.  This  seems  to  indicate  that 
glycogen  is  stored  up  in  the  normal  conditions  so  that  it  can  be  drawn  up- 
on when  required  by  the  tissues.  By  giving  arsenic  in  sufficient  quanti- 
ties to  an  animal  the  opposite  effects  may  be  produced,  preventing  glycogen 
accumulation  in  the  liver  and  tissues  even  when  carbohydrate  food  is  tak- 
en freely.  The  arsenic  seems  to  act  upon  the  hepatic  cell  substance  in 
such  a way  as  to  prevent  the  formation  of  glycogen.  Glycerine  has  the 
effect  of  retarding-  the  conversion  from  glycogen  to  sugar,  having  the 
effect  of  increasing  the  storag-e  of  glycogen  in  the  liver. 

In  regard  to  the  origin  of  glycogen,  the  main  source  is  normally  the 
carbohydrates.  By  giving!ati  excess  of  carbohydrate  in  the  food  the  glyco- 
gen may  be  increased  excessively.  The  glycogen  is  formed  from  dex- 
trose, laevulose,  maltose  and  saccharose,  either  directly  or  from  some  in- 
termediate substance  during  digestion  and  absorption.  The  sugar- 
reaches  the  liver  mainly  in  the  dextrose  form,  the  transformation  takTng 
place  in  the  hepatic  cells  into  glycogen.  The  di-saccharines  require  to 
be  subjected  to  inversion  during  alimentation  in  order  to  be  in  form  for 
assimilation.  r\  he  lactose  does  not  readily  become  changed  to  glycogen 
as  il  taken  largely  in  diet  it  is  excreted  in  the  urine,  indicating  that  an  ex- 
cess  can  not  be  stored  in  the  body.  Hence  dextrose  and  laevulose  freely 
prepuce  glycogen,  however  thhy  reach  the  liver;  maltose  only  if  absorbed 
1 1 (tiH  the  alimentary  canal;  lactose  and  galactose  do  not  form  glycog-cn, 
perhaps  because  not  fermentable.  This  has  an  important  bearing  upon 
milk  diet,  as  in  childhood  and  the  growing  individual  it  seems  to  be  very 
easily  assimilated.  '\  hat  the  proteid  produces  glycogen  is  proved  from 
the  fact  that  by  giving  proteid  alone  or  proteid  and  gelatin  the  glycogeli 
‘01  Ration  continues,  although  not  so  extensively  as  in  the  case  of  carbo- 
hvdiate  food.  1 he  greatest  amount  of  glycogeli  is  formed  when  a mixed 
diet  is  taken  with  a large  quantity  of  carbohydrates.  This  is  of  import- 
ance because  glycogen  containes  no  N and  it  therefore  indicates  the  break- 
mg  up  of  the  proteid  into  nitrogenous  and  non-nitrogenous  elements,  the 
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non-nitrogenous  forming  the  glycogen.  This  explains  the  fact  that  in 
diabetes  even  when  the  carbohydrate  is  withheld  sugar  appears  in  the 
urine.  The^e  is  no  glycogen  formation  from  fats. 

In  the  hepatic  cells  of  a frog,  Foster  says,  that  three  kinds  of  mater- 
ials are  found,  oil  globules,  small  proteid  granules  and  a hyaline  substance 
of  a transparent  character  in  the  outer  portions  of  the  cell  close  to  the 
blood  vessels.  By  the  use  of  water  this  last  substance  can  be  dissolved 
out  of  the  cell  substance  and  with  the  iodine  solution  it  gives  the  port  wine 
color.  This,  he  says,  is  glycogen  in  a loose  combination  with  other  sub- 
stances. If  the  frog  is  fed  largely  on  carbohydrate  the  cells  become  swol- 
len, the  meshes  of  the  cell  substance  being  filled  up  with  this  hyaline  sub- 
stance in  its  outer  parts.  If  instead  of  carbohydrate  proteid  food  is  given 
almost  entirely  then  a very  little  of  the  hyaline  substance  is  noticeable. 
If  no  food  is  given  at  all  and  if  the  temperature  is  raised  considerably 
above  normal  the  cells  are  found  to  be  almost  entirely  free  from  this  hya- 
line material,  the  cells  being  very  small,  less  than  half  the  ordinary  size. 
The  same  changes  are  found  in  the’  liver  cells  of  mammals,  the  hyaline 
matter  when  present  occupying  a place  nearer  to  the  center  of  the  cell. 
These  represent  processes  taking  place  in  the  hepatic  cells  that  are  very 
complicated,  if  we  add  to  the  glycogen  formation  the  fact  that  the  bile 
elements  are  being  formed  and  passed  into  the  bile  ducts  at  the  same 
time.  This  indicates  cleai'ly  the  hepatic  cell  function  of  manufacturing 
and  storing  givcogen  in  its  own  substance  to  remain  there  till  drawn  out 
again  into  the  blood.  The  double  process  is  that  of  hydration  from 
animal  starch  to  sugar  and  dehydration  from  sugar  to  animal  starch,  in 
the  latter  case  the  liver  cells  taking  the  sugar  as  it  circulates  through  the 
hepatic  capillaries  and  de-hydrating  it  to  form  glycogen. 

SECTION  VII.  Fat  Metabolism. 

Fat  globules  are  found  in  the  cells  of  muscle  and  nerve  tissue  and  in 
the  white  corpuscles.  The  medullated  part  of  the  nerves  also  contains  a 
large  proportion  of  fat.  Fat  that  is  absorbed  cannot  exist  in  any  other  form 
than  fat.  It  becomes  oxidized,  producing  COi  and  H20  as  final  products. 
It  may  be  oxidized  at  once  or  it  may  be  stored  up  as  a reserve  for  oxida- 
tion when  required.  Thus  the  fats  are  either  consumed  or  form  adipose 
tissue.  When  the  fat  passes  through  the  lymph  to  the  blood  it  passes  rap- 
idly from  the  circulation  as  very  little  is  found  in  the  blood  except  during 
digestion.  The  connective  tissue  cells  are  filled  at  certain  times  and  in 
certain  parts  with  fat,  the  cells  of  the  tissue  becoming  fat  masses.  I his 
is  called  the  adipose  tissue  which  is  found  in  different  parts  of  the  bod\  . 
Some  of  the  organs  of  the  body  are  encased  in  such  tissue,  as  the  kidneys. 
The  large  proportion  of  the  adipose  tissue  is  found,  however,  subcutane- 
ously as  the  panniculus  adiposus.  Adipose  tissue  changes  more 
than  any  other  body  tissue,  this  being  the  first  part  of  the  body  to  \ leld 
when  there  is  a deficiency  of  food  and  also  the  first  part  to  increase  when 
the  food  becomes  too  rich  or  plentiful.  In  this  adipose  tissue  we  find  the 
cells  filled  with  fat,  the  cell  being  greatly  enlarged  and  the  cell  substance 
becoming  thick  at  the  nucleus  and  very  thin  in  the  rest  of  the  cell,  foi  n.- 
ing  almost  a signet  ring  shape  the  stone  representing  the  nucleatec  poi 
tion.  These  cells  are  bound  together  by  connective  tissue.  In  the  em- 
bryonic form  of  adipose  tissue  we  find  small  nucleated  cells  of  11 1 egu  ar 
shape.  Gradually  the  fat  accumulates  in  the  cells,  the  cell  increasing  in 
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size  and  the  cell  substance  being-  exhausted  in  the  process  of  fat  accumu- 
lation, the  remnant  of  the  cell  substance  being-  collected  around  the  nucle- 
us at  one  end  of  the  cell.  The  fat  thus  accumulated  gradually  disappears 
in  connection  with  the  lymph  and  blood,  the  cell  being-  diminished  in  size 
and  the  interior  being-  occupied  by  lymph  which  is  later  absorbed,  the  cell 
decreasing-  to  be  followed  by  a process  of  renewal  in  which  the  cell  divides 
to  form  two  new  cells,  these  ag-ain  forming-  fat  cells.  This  process 
goes  on  continuously  in  connection  with  the  adipose  tissue. 

As  we  found  before,  the  fat  of  the  body  is  not  derived  from  the  fat 
taken  as  food,  at  least  to  any  great  extent.  There  is  a difference  in  the 
composition  of  fat  and  hence  fat  taken  as  food  is  changed  before  it  be- 
comes part  of  the  tissue.  The  fat  found  in  adipose  tissue  consists  of 
differing  proportions  of  olein,  stearin  and  palmitin,  together  with  the  glv- 
cerine  compounds  of  the  fatty  acids,  the  lecithin  and  cholesterin.  The 
difference  in  different  animals  consists  of  varying  proportions  of  these 
three  fats,  the  variation  being  represented  by  the  capacity  for  melting. 
In  man  the  subcutaneous  adipose  fat  will  melt  about  20  degrees  C,  while 
that  around  the  kidneys  will  not  melt  till  25  degrees  C.  In  man  the  adi- 
pose tissue  contains  largely  olein  which  is  difficult  to  dissolve,  while  in  the 
sheep  we  find  stearin  which  is  easily  melted.  To  diet  a man  upon  mut- 
ton involves  the  transformation  of  stearin  to  olein  fat.  This  implies  the 
change  of  the  food  fat  into  body  fat,  in  other  words  there  may  be  a part  of 
the  fat  capable  of  assimilation  to  the  body  tissue  at  once  but  the  larger 
proportion  requires  to  be  broken  down  and  oxidized,  the  products  of  these 
processes  being  built  up  into  body  fat.  It  has  been  proved  in  the  case  of 
dogs  which  have  been  deprived  of  food  for  a considerable  time  till  the 
body  fat  is  exhausted,  that  if  they  are  fed  upon  a large  quantity  of  mut- 
ton fat  along  with  proteid,  very  quickly  they  take  on  fat  of  the  same  char- 
acter as  that  of  the  sheep.  This  seems  to  indicate  that  temporarily  a 
large  part  of  the  fat  is  simply  added  on  to  the  body  substance.  The 
same  thing  has  been  proved  by  feeding  dogs  upon  linseed  oil  and  sperm- 
aceti, these  forms  of  fat  which  are  foreign  to  the  animal  system  being 
taken  on  in  the  body.  We  have  seen  that  fat  absorption  takes  place  in  the 
fatty  acid  form,  the  fats  being  broken  up  under  the  influence  of  the  pan- 
creatic ferment  into  fatty  acids  and  glycerine.  During  the  absorption 
process  in  connection  with  the  epithelial  cells  of  the  intestines  the  l'attv 
acids  become  synthetized  along  with  glycerine  in  the  formation  of  fats. 

1 he  epithelial  cells  are  filled  with  the  fat  particles,  the  synthesis  taking 
place  in  connection  with  the  cells,  the  cells  having  the  capacitv  of  produc- 
ing glycerine  in  case  of  its  absence  from  the  food.  The  fat  is  said  bv 
some  to  be  brought  to  the  fat  cell  in  the  form  of  fat  and  to  be  simply 
placed  in  the  cell  substance.  Others  think  that  the  cell  has  the  power  of 
making  fat  from  other  substances,  the  process  being  one  of  cell  feeding 
so  as  to  build  up  the  cell  substance.  It  is  certain  that  in  the  case  of  the 
formation  of  fat  out  of  proteid  the  metabolic  process  goes  on  in  connection 
w-lth.  the-ceil.  At  the  same  time  the  fat  which  is  absorbed  from  the  ali- 
mentary canal  seems  to  be  carried  by  the  white  corpuscles  to  the  tissues, 
depositing  it  in  the  adipose  cells.  As  only  a small  part  of  the  body  fat 
conics  directly  from  the  fat  of  food  this  cannot  be  the  case  with  the  bulk 
of  the  fat  formation.  Liebig  pointed  out  that  the  fat  of  butter  was  much 
laigei  than  the  fat  of  food,  whether  in  connection  with  grass  or  dry  feed- 
mg,  in  the  case  of  a cow.  If  the  fat  is  derived  from  other  sustances  then 
e fat  must  be  formed  from  other  substances  that  are  not  fat  and  there 
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must  be  cell  activity.  This  leads  us  to  examine  into  the  formation  of  fats 
from  other  substances  taken  in  the  food,  namely  the  carbohydrate  and 
proteid. 

Next  to  the  fat  of  food  comes  the  carbohydrates  which  are  recognized 
as  an  economical  and  valuable  fat  producer.  The  feeding-  of  animals  up- 
on grass  in  which  there  is  very  little  fat  or  proteid  produces  fat  venv 
quickly.  Voit  in  opposition  to  this  holds  that  carbohydrates  do  no’t 
directly  produce  fat  bu.t  protect  and  spare  proteid  oxidation*. permitting 
the  non-nitrog-enous  proteid  elements  to  become  changed  into  fat.  He 
denies  the  possibility  of  transforming  carbohydrate  into  fat  in  the  animal 
economy,  although  it  does  take  place  in  the  vegetable  kingdom.  Lawes 
and  Gilbert  at  the  agricultural  station  at  Rothamstead  conducted  experi- 
ments in  connection  with  animals.  They  took  two  pigs  as  nearly  identi- 
cal as  possible,  killing  one  to  estimate  its  fat  and  then  feeding  the  other 
on  proteid  and  a large  proportion  of  carbohydrate  for  several  weeks,  keep- 
ing an  accurate  estimate  of  the  amount  of  proteid  given  and  then  killing 
to  determine  the  amount  of  fat  The. result  was  that  the  fat  could  not  b ti 
accounted  for  by  the  proteid  food.  Confirmatory  experiments  have  been 
made  by  more  recent  experimenters,  confirming  the  view  that  carbo- 
bvdrate  is  converted  into  fat.  It  seems  probable  that  when  thfi "carbo- 
hydrate is  broken  up  into  separate  elements  a further  synthesis  should 
be  possible  in  the  formation  of  fat.  The  experiments  in  connection  with 
nitrogenous  equilibrium  where  carbon  taken  in  the  food  is; stored  up  in 
the  body,  the  carbon  disappearing  from  the  excretions,  indicaterthe  trans- 
formation of  carbon  into  fat.  It  has  been  .found  that  where  carbohydrate 
is  used  largely  in  the  food  the  amount  of  COi  excreted  is  largely  increas- 
ed without  any  increase  in  O,  the  carbohydrate  being  changed  to  fat. 

The  question  of  the  formation  of  fat  from  the  proteid  food  elements 
is  also  important.  Dried  proteid  consists  of  about  15  percent  of  N and 
50  per-cent  of  C,  urea  46  per-cent  of  N and  20  per-cent  C.  The  urea 
therefore  contains  much,  less  C than  the  proteid,  indicating  a remnant 
which  goes  to  fat  formation.  Voit  placed  a dog  in  a respiration  box. 
feeding  it  entirely  on  proteid  (lean  meat), carefully  estimating  the  amount 
of  income  and  expenditure  from  the  ingesta  and  excreta  with  the  result 
that  carbon  disappearing  from  the  excreta  is  presumed  to  be  stored  in 
the  body  as  fat,  the  fat  produced  being  too  large  to  be  accounted  for  by 
the  carbohydrate  or  fat  in  the  food.  In  the  case  of  a dog  in  N equilibrium 
fed  2,000  grams  of  lean  meat,  representing  68  grams  of  N -and  250  of  C, 
the  excretions  of  urine,  faeces  and  respiration  68  grams  of  N and  207  of  C, 
the  C in  excess  being  43  grams  representing  58  grams  of  fat.  This  is  a 
direct  proof  of  proteid  conversion  to  fat.  In  connection  with  the  mam- 
mary secretion  it  is  found  that  pure  proteid  produces  a milk  very  rich  in 
fat.  * So  far  is  this  carried  that  it  has  been  stated  that  the  milk  becomes 
more  rich  in  fat  the  larger  the  amount  of  proteid  in  the  food.  In  the 
process  of  cheese  ripening  it  has  been  found  that  the  amount  of  proteid 
decreases  while  the  fat  gradually  increases.  In  the  case  of  a lasting  dog 
to  which  phosphorus  has  been  given  it  has  been  found  that  40  percent  of 
fat  is  in  the  muscles  and  30  percent  in  the  liver  as  against  1<>  percent  in 
the  muscles  and  10  percent  in  the  liver  of  normal  dog-s.  The  phosphorus 
produces  fatty  degeneration  of  the  tissues.  1 he  administration  of 
phloridizin  aids  in  proteid  disintegration  and  the  fat  accumulation  in  the 
liver  cells.  There  is  also  an  increase  in  nitrogenous  excretions  indicating 
an  increased  metabolic  action  the  CO2  being  decreased.  1 his  seems  to 
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indicate  the  change  of  proteid  to  fat.  Voit  carried  this  idea  so  far  as  to 
maintain  that  the  carbohydrate  acted  in  connection  with  fat  formation 
only  in  sparing-  the  proteid  oxidation  and  thus  permitting-  a larg-e  propor- 
tion of  proteid  to  become  transformed  to  fat.  He  said  that  the  proteid 
particle  becomes  dissolved,  the  nitrog-enous  element  being-  removed  C,  O 
and  H remaining-  in  the  proportion  sufficient  to  form  fat.  Rubner  in  line 
with  this  estimated  that  46  per-cent  of  proteid  could  be  transformed  to 
fat.  He  found  that  in  a dog-  fed  upon  a rich  carbohydrate  diet  with  little 
fat  and  no  proteid  the  deficiency  of  C was  greater  than  could  be  accounted 
for  by  proteid  dissolution  in  the  body  and  the  fat  of  the  food,  the  result 
being-  that  fat  was  formed  from  carbohydrate.  This  extreme  view  has 
been  abandoned  even  by  Voit  who  admits  the  formation  of  fat  from  carbo- 
hydrates. The  true  conclusion  seems  to  be  that  both  proteids  and  carbo- 
hydrates are  necessary  in  the  fat  formation.  The  proteid  necessary  is 
not  very  much  in  excess  of  the  amount  of  proteid  loss  in  connection  with 
the  tissues.  As  the  carbohydrates  gr>  in  the  metabolic  processes  to  the 
production  of  energy  and  heat, if  the  proteid  is  too  small  there  will  be  little 
carbohydrate  for  fat  formation.  Pflug-er  as  we  have  seen  denies  the 
possibility  of  fat  formation  from  proteid,  explaining-  the  case  of  feeding-  a 
dog-  on  lean  meat  by  the  fact  that  in  the  meat  there  was  sufficient  fat  to 
account  for  the  fat  formation,  the  exclusive  source  of  fat  being-  the  fats 
and  carbohydrates.  Pflug-er  admits  that  in  certain  bioplasmic  forms 
there  is  fat  formation  from  proteids  but  that  only  under  the  influence  of 
germs  or  bacteria  or  enzymes  of  some  kind.  That  this  is  untrue  has  been 
shown  from  the  fact  that  meat  if  kept  in  a solution  of  milk  of  lime  will  lose 
part  of  its  proteid  substance  in  the  formation  of  fatty  acids.  In  the  case 
of  the  administration  of  phosphorus  to  starving-  animals,  fatty  cell  degen- 
eration takes  place  in  the  tissues,  indicating-  fat  formation  in  connection 
with  proteid  tissue.  It  is  evident  that  there  is  a fat  formation  in  the  body. 
When  there  are  found  in  the  food  foreign  fats  these  are  not  found  in  the 
body  fats  or  only  to  a small  extent;  a chang-e  taking-  place  by  which  veg- 
etable or  animal  fat  becomes  assimilated  to  the  particular  animal  fat. 
This  indicates  the  power  of  fat  formation  in  connection  with  the  fat  cells 
of  the  adipose  tissue. 

‘The  question  arises,  has  the  liver  anything-  to  do  with  fat  formation? 
Microscopic  examination  of  the  hepatic  cells  of  any  of  the  domestic 
animals,  particularly  if  they  are  deprived  of  freedom,  indicates  the 
presence  of  fat  globules  in  large  numbers.  Pavy  claims  that  in  the  liver 
the  glycogen  becomes  transformed  directly  to  fat.  Paton  contends  that 
the  opposite  is  the  case, although  in  the  experiments  made  by  him  there  is 
an  increase  in  the  fatty  acids  of  the  liver  when  the  glycogen  is  disappear- 
ing, about  one-half  of  these  fatty  acids  combining  with  lecithin.  In  con- 
nection with  the  outer  parts  of  the  hepatic  cells  of  frogs  Langley  found 
fat  accumulating,  during  the  winter  season  when  the  glycogen  is  also  accu- 
mulating, both  of  these  disappearing  gradually  under  the  influence  of  artifi- 
cial or  natural  warmth.  In  cases  of  fatty  liver  the  hepatic  cells  are  filled  with 
lat.  These  experiments  may  simply  indicate  the  fact  of  the  storage  of  fat  in 
the  liver.  The  fat  formation  seems  to  be  connected  in  some  way  with 
glycogen  formation.  It  is  probable  that  the  fat  is  stored  in  the  liver  for 
further  transformation  into  the  body  fat  of  the  specific  character  found 
in  the  animal  itself;  it  has  been  found  that  liver  fat  has  less  olein  than  the 
body  fat  and  is  more  difficult  to  liquidize,  has  more  of  the  fatty  acids — these 
facts  indicate  that  the  fat  is  stored  in  the  liver  for  metabolic  processes. 
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II  the  fat  is  removed  as  rapidly  as  its  formation  takes  place  it  may  he  ox- 
idized or  become  part  of  the  adipose  tissue.  When  the  removal  is  inter- 
fered with  abnormally  the  liver  cells  become  filled  resulting  in  an  increase 
of  the  organ,  indicating- that  any  interference  with  respiration  or  oxida- 
tion interferes  with  fat  removal.  This  is  in  line  with  the  fact  that  where 
respiration  is  very  active  as  in  birds  the  liver  is  very  small,  whereas  in 
cases  where  respiration  is  less  active  as  in  fishes  and  embryonic  stages 
the  liver  is  larg-e.  It  is  claimed  that  in  the  case  of  persons  residing-  in 
the  tropics  the  liver  becomes  enlarged  if  the  diet  is  over-rich  in  fat  form- 
ing- substances. 

Mammary  Gland  Metabolism. — We  examined  the  mammary  gland 
secretion  in  connection  with  the  secretion  proper  and  yet  there  are  cert- 
ain facts  associated  with  milk  secretion  that  belong-  to  the  field  of  metab- 
olism. The  g-land  when  resting-  is  not  so  larg-e  as  the  active  secreting 
gland,  the  alveoli  being-  less  numerous  and  also  smaller  in  size.  Each  of 
these  alveoli  consists  of  a number  of  small  cells.  If  the  mammary  secret- 
ion is  not  excited  by  the  pregnant  condition  of  the  uterus  these  cells 
grow  very  slowly,  the  metabolism  being  slight  and  the  metabolic  products 
passing-  into  the  blood  do  not  accumulate  in  the  gland.  When  pregnancy 
takes  place  the  gland  develops  chiefly  in  connection  with  the  formation  of 
new  alveoli.  'When  the  parturition  period  approaches  there  are  metabolic 
changes  in  connection  with  the  central  alveolar  cells,  chiefly  in  relation  to 
fat  ti'ansformations,  these  central  cells  being  destroyed,  a single  layer  of 
cells  remaining-  that  line  the  alveoli  and  carry  on  the  secretory  processes. 
These  broken  up  cells  are  found  in  the  colostrum.  After  this  colostral 
fluid  hak  passed  off  the  normal  milk  is  secreted.  The  milk  consists  of  (1 ) 
proteids,  casein  and  lactalbumin;  (2)  the  fats,  olein,  stearin  and  palmitin 
with  the  glycerine  compounds,  lecithin,  cholesterin  and  the  pigment;  (3) 
lactose  which  by  fermentation  becomes  lactic  acid,  the  ferments  being- 
found  in  the  milk  even  in  the  gland;  (4)  the  salts,  especially  calcic  phos- 
phate, potassic  chloride  and  sodic  chloride,  thus  resembling  the  body 
tissue  in  the  inorganic  constituents. 

In  the  case  of  the  milk  secretion  there  are  definite  morphological 
changes  in  the  cells.  When  the  empty  gland  begins  to  fill  up  with  the 
secretion  the  cells  are  found  to  grow,  as  the  cell  substance  increases,  be- 
ing elongated  into  the  alveolar  lumen.  This  is  followed  by  the  division  of 
nucleus,  the  two  nuclei  becoming  embedded  in  the  cell  substance  while 
the  milk  substance  becomes  secreted.  This  is  followed  by  the  expulsion 
of  the  material,  accompanied  by  the  cell  division,  into  the  alveolar  lumen. 
The  nuclein  arises  from  the  divided  nuclei,  the  cell  substance  forming  a 
part  of  the  milk  secreted,  the  water  and  salts  being  secreted  in  the  ordin- 
ary way.  In  this  we  find  the  evidence  that  secretion,  at  least  in  the  case 
of  milk,  involves  a metabolic  process.  By  the  cell  activity  the  blood  yields 
the  milk,  the  transformation  taking-  place  within  the  cells.  By  the  use  ot 
proteid  food  the  fat  in  milk  is  increased,  the  proteid  increasing  metabolism 
and  in  this  metabolism  providing  fat;  on  the  other  hand  the  use  ot  lat  in 
food  diminishes  the  fat  in  milk,  lessening  the  metabolic  activity.  I he  fat 
formation  in  the  case  of  dieting  on  proteids  takes  place  in  the  cell.  Even 
the  formation  of  casein  is  due  to  cell  activity.  The  presence  of  albumin 
in  a semi-peptone  condition  indicates  that  proteid  metabolism  takes  place 
in  the  cells.  The  lactose  which  is  found  only  in  the  mammary  gland  cells 
is  formed  in  the  cell,  supposed  to  be  derived  from  a semi-glvcogen  found 
in  the  mammary  cells.  There  is  thus  in  the  mammary  gland  cell  e\ i- 
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dence  of  the  metabolism  in  connection  with  the  proteids,  carbohydrate 
and  fats.  This  proves  the  direct  relation  of  the  mammary  secretion  to 
metabolic  activity. 

SEC  TION  VIII.  The  Effect  of  Muscular  Activity, 
Exercise  and  Massage. 

That  the  metabolism  of  the  body  is  affected  by  exercise,  sleep,  tem- 
perature, etc.,  is  almost  presumed.  Metabolism  takes  place  lai*g-ely  in 
the  muscles.  There  is  a certain  amount  of  muscle  metabolism  constant- 
ly going  on  both  in  activity  and  rest.  It  is  much  larger  during  activity. 
This  is  evident  from  the  fact  that  there  is  a much  larger  amount  of 
CO,  given  off  during  activity  from  the  body.  There  are  more  chemical 
changes  taking  place  in  the  muscles  during  contraction,  resulting  in  the 
production  of  sarcolactie  acid  and  C()2  and  using  up  glycogen.  The  exer- 
cise of  the  muscles increases  the  amount  of  food  used'  and,  therefore,  the 
metabolism-  There  is  considerable  difference  of  opinion  as  to  the  effect 
of  this  metabolism.  Liebig' holds  that  the  energy  of  muscular  exercise 
originates  from  proteid  metabolism,  so  that  when  the  muscular  exercise 
increases  there  is  a corresponding  increase  in  proteid  metabolism  and  in 
the  nitrogenous  excreta.  The  refutation  of  this  theory  has  been  based 
upon  a number  of  experiments  in  which  it  was  found  that  proteid  metab- 
olism does  not  furnish  all  the  energy  of  body  exercise.  Fick  and  Wis- 
licenus  ascended  the  .Swiss  Alps,  estimating  the  amount  of  work  done  in 
the  ascent  in  connection  with  their  body  weight,  the  heart  action  and  the 
muscle  activity.  For  almost  a day  before  ascending,  during  the  ascent 
which  occupied  eight  hours  and  for  six  hours  after  the  ascent  they  ate  only 
non-nitrogenous  food.  The  urea,  which  must  have  originated  from  the 
body  proteid  did  not  represent  an  energy  equal  to  the  work  done,  proving 
that  the  energy  of  the  work  and  exercise  did  not  all  arise  from  proteid 
food.  Yoit  made  experiments  upon  man  and  also  upon  dog's  the  results  of 
which  indicate  that  under  ordinary  circumstances  muscular  exercise  does 
not  affect  the  amount  of  proteid  metabolized,  there  being-  no  well  marked 
increase  in  the  urea  excreted  during  exercise.  This  seems  to  lead  to  the 
opposite  theory  to  that  of  Liebig,  namely,  that  the  oxidation  taking  place  in 
connection  with  exercise  is  really  in  the  non-proteids.  Some  recent  ex- 
periments under  Pfluger  in  which  the  nitrogenous  excretion  in  connec- 
tion with  the  faeces,  urine  and  sweat  was  carefully  estimated,  seem  to 
indicate  an  increase  in  the  nitrogenous  excreta,  indicating-  increased  pro- 
teid metabolism.  1 he  diet  in  this  case,  however,  was  larg-elv  proteid,  the 
non-proteid  being  small.  This  indicates  the  fact  that  in  case  of  a large 
proportion  of  proteid  and  a small  proportion  of  non-proteid  food  the  pro- 
teicl  metabolism  is  increased  during  exercise. 

Another  element  to  be  estimated  in  connection  with  muscular  energy 
is  the  CO,  eliminated.  During  exercise  there  is  a large  increase  in  C (V. 
experiments  have  proven  that  comparing  rest  and  work  the  amount  of 
CO,  lji  the  latter  case  is  twice  that  of  the  former.  This  is  additional  con- 
firmation of  the  idea  that  the  energy  in  connection  with  muscular  work- 
springs  largely  from  the  metabolism  of  non-proteids.  The  muscle  is  pro- 
teid  but  the  activity  of  exercise  does  not  increase  the  proteid  metabolism, 
the  chemical  changes  depending  upon  the  non-proteids.  Muscular  activ- 
':,-Y  imb.s.  tllc  Us‘utf  up  of  glycogen  in  connection  with  the  muscles. 

I hat  this  is  so  is  proved  by  the  fact  that  when  an  animal  is  deprived  of 
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food,  the  glycogen  is  used  up  much  more  rapidly  if,  >vhile  fasting,  it  is 
made  to  work.  In  addition  to  this  it  has  been  found  that  when  a muscle 
has  been  subjected  to  prolonged  contraction  more  saccharine  matter  is 
extracted  from  the  blood  by  the  muscle;  if  there  is  abundance  of  sugar  to 
supply  the  muscle,  the  fatigued  condition  is  diminished  and  the  capacity 
for  work  is  increased.  So  long  then  as  the  glycogen  or  sugar  remains 
the  muscle  draws  upon  these  but  when  these  become  exhausted  fats  and 
proteids  are  drawn  upon  to  supply  matter  for  the  metabolism  associated 
with  exercise.  The  inactivity  of  muscle,  as  for  example  during  sleep, 
does  not  affect  the  protcid  metabolism  but  does  affect  the  non-proteid,  the 
nitrogenous  excreta  being  preserved  and  the  CO2  excretion  diminished. 
Less  material  is  required  to  maintain  muscular  tonicity  and  the  contrac- 
tion being  less  there  are  fewer  metabolic  changes.  A change  of  temper- 
ature  external  to  the  body  affects  the  metabolism,  a fall  In  e x ternal  lem- 
pmture  increasing  the  metabolism  of  non-proteid,  a rise  in  temperatury 
decreasing  the  non-proteid  metabolism,  resulting  in  the  former  .case  in 
increased  O consumption  and  CCL  excretion  and  in  the  latter  case  in  de- 
creased O consumption  and  CO2  excretion.  This  arises  chiefly  in  connec- 
tion with  the  stimulation  by  reflex  action  of  the  motor  nerve  to  the  mus- 
cles, the  sensory  temperature  cutaneous  nerves  being  stimulated  by  the 
changes  of  temperature.  This  is  an  additional  proof  of  the  effect  of  mus- 
cular activity,  the  muscle  metabolism  being  increased  in  connection  with 
the  non-proteids. 

Although  it  is  well  known  that  CO2  is  eliminated  from  the  body  as  a 
result  of  muscular  exercise,  yet  it  is  not  definitely  known  that  this  is 
formed  in  connection  with  the  muscles.  Experiments  have  been  made  in 
connection  with  the  removal  of  the  muscle  of  a frog,  subjected  to  tetanus 
compared  with  the  muscle  at  rest,  in  regard  to  CO2  and  also  by  calculat- 
ing the  amount  of  C02  in  the  venous  blood  of  muscles  in  the  case  of  ani- 
mals during  contraction  and  rest  of  the  muscles.  Contradictory  results 
have  been  found,  namely,  in  some  cases  it  is  found  that  the  CO:  eliminated 
from  resting  and  tetanized  muscle  is  about  the  same,  and  in  other  cases 
more  has  been  found  during  tetanization.  In  1897  Fletcher  presented  a 
communication  to  the  Physiological  society  in  which  he  gave  the  results 
of  very  delicate  experiments  in  regard  to  estimating  the  CO2.  In  using 
the  tortoise  muscle,  both  the  voluntary  and  cardiac,  he  found  only  a very 
slight  difference  between  resting  and  active  muscle  in  CO,.  He  concludes 
that  the  opposite  results  in  previous  experiments  resulted  from  the  pro- 
longation of  the  stimulation,  producing  rigor  mortis  during  which  it  is 
found  that  C02  in  largely  increased.  This  may  be  taken  as  the  most 
recent  result  on  this  point. 

By  estimating  the  amount  of  CO2  in  the  blood  passed  through  mus- 
cular tissues  compared  with  the  blood  on  entering  the  muscle  contiadict- 
01-y  results  have  been  obtained.  The  more  recent  experiments  on  mus- 
cle", through  which  blood  or  serum  has  been  perfused,  indicates  that  there 
is  an  increase  of  C02  during  activity  of  muscle,  although  the  objection  of 
Fletcher  holds  here  also  that  prolonged  excitation  of  the  muscle  may 
induce  the  rigor  mortis  condition  and  this  may  acount  for  the  amount  ql 
CO,.  The  question,  therefore,  remains  unsettled  whether  the  CO2  is 
produced  in  the  muscle  during  activity  or  whether  some  substances  are 
given  off  from  the  muscle,  the  result  of  the  oxidation  elsev  hei  e being 
CO,  production.  What  is  the  effect  of  muscle  metabolism  on  the  body 
protcid  metabolism?  Liebig  held  the  theory  that  the  oxidation  of  mus- 
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cular  substance  produced  the  energy  of  muscle  contraction.  Following 
from  this  was  the  fact  that  muscular  exercise  increased  the  nitrogenous 
excretions  in  the  urine.  This  theory  was  set  aside,  as  we  said,  by  the 
experiments  of  Kick  and  Wishcenus.  The  result  to  be  drawn  from  their 
experiments  was  that  non-proteid  material  must  have  furnished  the 
energy.  Experiments  on  dogs  and  men  seem  to  confirm  this  view, 
Zuntz  estimates  that  each  kilogrammeter  of  work  in  ascending  represents 
a consumption  of  0 thirteen  times  greater  than  the  amount  of  O consum- 
ed in  walking.  We  found  that  the  CO?  excreted  is  increased  according  to 
the  amount  of  body  exercise.  These  facts  indicate  that  the  oxidation  of 
non-proteid  furnishes  the  energy,  although  the  proteid  oxidation  assists, 
but  only  to  a slight  extent.  There  are  cases  reported  in  which  the 
amount  of  nitrogenous  excretion  is  increased  but  this  can  be  explained 
from  the  fact  that  in  case  of  an  excess  of  work  done  the  metabolism  be- 
comes abnormal  or  the  non-proteid  of  the  food  may  have  been  insufficient 
to.  furnish  material  for  oxidation  in  the  production  of  energy  and  heat. 
The  proteid  of  the  food  is  called  upon  to  furnish  matter  for  oxidation  in 
these  circumstances  and  this  accounts  for  the  amount  of  nitrogen  in  the 
urine. 

Pfluger  however  takes  these  experiments  as  indications  of  the  truth 
of  the  Liebig  theory.  He  has  been  supported  by  Argutinsky  who  has 
proved  by  repeating  the  Fi.ck  experiment  that  the  amount  of  nitrogenous 
excretion  was  increased  about  20  per-cent  during  the  time  of  the  experi- 
ment and  the  next  two  succeeding  days,  the  large  amount  of  energy  pro- 
duced being  due  to  proteid  oxidation.  Even  when  the  carbohydrate  was 
largely  increased  in  the  food  the  nitrogenous  excretion  continued  suffici- 
ently large  to  account  for  a proportion  of  the  work.  It  has  been  pointed 
out  that  in  these  recent  experiments  sufficient  food  on  the  basis  of  caloric  val- 
ue was  not  taken,  so  much  so,  that  the  body  proteid  was  called  upon  to  make 
up  the  loss  in  the  production  of  energy.  Hirschlield  has  pointed  out  that 
his  experiments  lead  him  to  conclude  that  muscular  energy  can  be  pro- 
duced from  proteid  oxidation,  that  where  the  diet  is  sufficient  the  N ex- 
cretion is  not  largely  increased,  but  where  the  diet  is  insufficient  the  N ex- 
cretion is  increased,  due  to  the  body  tissue  metabolism.  Pflngfr  hnbffi 
tl;at  in  producing  energy  the,,  bioplasm  uses  proteid  by  preference  and 
only  non-proteid  when  the  proteid  is  insufficient.  Tt  is. generally  believed 
however  that  the  non-proteid  is  first  used  up  and  .only,  after  this  is  the 
proteid  used  in  the  production  of  energy.  It  has  been  pointed  out  that 
the  diet  of  athletes  is  largely  proteid.  But  it  must  be  rembered  that 
proteid  diet  is  not  their  sole  lood.  The  test  of  working  men  whose  work- 
ing capacity  is  much  larger  than  the  ordinary  athlete  indicates  their  sub- 
sistence on  a large  proportion  of  non-proteid  and  not  sufficient  proteid  to 
sustain  their  work.  Proteid  is  more  assimilable  and  when  assimilated  is 
a more  rapid  tissue  builder,  hence  it  is  more  commonly  used  in  connection 
with  athletic  training.  It  is  certain  that  in  the  increase  of  muscle  activity 
there  is  an  increased  CO>  excretion  which  can  not  be  accounted  for  on  the 
basis  of  nitrogenous  excretion,  so  that  it  must  depend  upon  non-nitrog- 
enous  oxidation.  Bernard  held  that  the  glycogen  of  the  liver  becomes 
oxidized  in  connection  with  the  tissues  in  producing  energy  and  heat. 
Seegen  more  recently  puts  forth  the  theory  that  muscular  energy  arises 
solely  from  dextrose  oxidation.  Dextrose  is  always  present  in  the  blood 
even  when  animals  are  deprived  of  food  and  in  the  hepatic  veins  the  sugar 
is  found  in  excess,  together  with  the  loss  of  sugar  through  muscle  activity. 
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represented  by  the  absence  of  sugar  in  the  venous  blood  leaving  the 
muscles.  These  facts  seem  to  indicate  that  muscular  energy  is  produced 
at  the  expense  of  carbohydrates.  Mosso  found  that  muscle  could  da  more 
voluntary  exercise  if  a large  amount  of  sugar  is  in  the  food. 
Pfluger  found  that  a dog  which  at  rest  could  be  kept  upon  pure  proteid 
in  N equilibrium,  when  made  to  exercise  lost  flesh  if  kept  on  the  same 
diet.  When  reduced  to  an  equilibrium  on  a lower  scale  he  fed  non- 
proteids,  the  result  being  that  the  animal  gained  in  flesh,  putting  on  fat 
from  which  he  concluded  that  the  proteid  is  preferable  in  tissue  building 
and  only  when  the  proteid  is  insufficient  is  the  non-proteid  consumed. 
Schaefer  says  that  while  muscle  can  only  be  built  up  from  proteid,  it  is 
also  true  that  muscle  activity  can  produce  energy  out  of  non-prote ids,  the 
oxidation  probably  taken  place  outside  of  the  bioplasm,  so  that  with  the 
smallest  tissue  loss  the  food  elements  are  used  up  in  oxidation  to  produce 
energy.  That  this  is  so  is  evident  from  the  fact  that  where  animals  are 
fed  on  mixed  foods  the  proteid  used  up  would  not  account  for  the  oxida- 
tion necessary  to  produce  the  energy.  Energy  is  always  .produced  much 
in  excess  of  the  work  demanded,  the  amount  in  excess  being  transformed 
to  heat.  When  we  add  to  this  the  fact  that  if  the  muscular  exercise  be- 
comes^severe  there  is  an  increased  amount  of  sulphur,  phosphoric  acid 
and  lime  in  the  urine;  the  first  in  sulphate  form  increasing  according  to 
the  N increase,  the  second  more  than  the  N increase  and  the  third  mark- 
ing' a decomposition  of  the  bony  structures  of  the  body.  There  is  no 
doubt  a slight  variation  in  urea  with  muscular  exercise,  although  the 
variation  is  often  hidden  by  the  variations  in  the  diet.  The  experiments 
of  Zuntz  prove  that  if  muscular  exercise  is  very  severe  there  is  a decom- 
position of  the  tissue  proteid  increasing  the  urea  excreted.  It  has  been 
found 'that  in  the  case  of  the  hibernating  marmot  during  hibernation  the 
loss  is  very  small  as  compared  with  the  loss  during  activity,  indicating 
that  tissue  proteid  is  lost  both  during  hibernation  and  activity  the  urea 
excretion  continuing. 

While  therefore  the  non-nitrogenous  elements  furnish  in  the  main  the 
energy  of  the  body  there  is  always  a nitrogenous  decomposition  associated 
with  severe  work.  In  muscular  tissue  we  find  a large  proportion  of 
globulin  the  nucleo-proteid  being  scarce.  If  we  find  an  increase  in  the  N 
excreta,  accompanied  by  increased  excretion  of  uric  acid  and  phosphoric 
acid,  this  would  indicate  that  the  proteid  material  for  metabolism  was 
furnished  at  least  not  by  the  muscle.  In  the  case  of  starvation  one  tissue 
supplies  another  with  matter.  This  may  possibly  be  the  case  in  mus- 
cular exertion.  A series  of  experiments  are  reported  from  the  labora- 
tory of  the  Royal  College  of  Physicians,  Edinburgh,  under  the  directions 
of  Dunlop  and  Paton.  In  order  to  make  them  complete  ,the  N excretions 
and  also  the  inorganic  excreta  were  carefuly  estimated.  Perspiration 
and  the  influence  of  muscular  activity  on  the  blood  and  the  lymph  now 
were  also  taken  account  of  in  connection  with  the  Turkish  bath  and  mas- 
sage. Five  experiments  were  conducted — three  to  find  out  the  influence 
of 'severe  exercise,  one  the  effect  of  sweating  and  one  of  massage.  1 he 
subjects  were  dieted  very  carefully  for  a week  on  a constant  diet  and  the 
muscular  work  was  performed  on  the  fourth  day,  giving  a period  befoi  e 
and  after  for  watching  the  conditions.  In  regard  to  the  N of  the  ui  me 
it  was  found  that  there  was  a marked  increase  due  to  severe  muscular  ex- 
ercise, this  increase  being  found  after  the  exercise  on  the  two  follow  ing 
days,  the  increase  being  estimated  from  five  and  one-half  to  eight  grams 
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representing-  an  N consumption  of  180  to  250  grams  of  flesh  In  the  case 
of  the  sweat  test  it  was  found  that  there  was  not  any  increase  of  N in  the 
urine,  during-  the  period  of  observation  there  being-  an  N deficit  below  one 
grain,  this  loss  probably  representing-  N loss  in  perspiration,  Argutinski 
having  estimated  a day’s  exercise  as  representing  a loss  of  .75  grams  of 
N in  sweat.  In  the  massage  case  there  was  no  perceptible  variation  in 
the  N excretion,  from  which  it  is  inferred  that  the  influence  of  muscle 
contraction  on  the  flow  of  lymph  does  not  vary  so  far  as  indicated  by  the 
N in  the  urine.  In  regard  to  the  urea  the  excretion  was  increased  by  ex- 
ercise, lessened  slightly  by  perspiration  and  unchanged  by  massage.  In 
the  case  of  uric  acid  there  was  an  increase  in  two  experiments  and  a de- 
crease in  one.  In  the  last  case  the  person  was  in  good  muscle  training, 
while  the  other  two  were  not,  indicating  the  cause  of  increase  in  uric  acid 
to  be  found  in  the  muscular  training.  In  the  case  of  ammonia  exercise 
produced  a marked  increase  in  the  excretion,  this  representing  the  acid 
formation  in  connection  with  muscle  katabolism,  sulphuric  acid  being 
formed  by  the  oxidation  of  proteid  and  sarcolactic  acid  by  the  oxidation 
of  the  non-proteids.  In  the  case  of  the  chlorides  there  was  a diminution 
in  connection  with  exercise  and  sweating,  representing  a loss  of  sodium 
chloride  in  the  sweat.  In  the  case  of  the  phosphates  there  was  an  in- 
crease in  the  massage  experiment  due  to  the  increase  in  the  flow  of  lymph 
which  carried  off  phosphates  from  the  tissues. 

In  connection  with  these  changes,  these  conclusions  were  reached; 
(1)  that  there  is  an  increase  in  the  katabolism  of  proteicL.in  the  case  of 
severe  muscular  exercise,  represented  by  the  increased  excretion  of  N. 
and  S in  the  urine;  (2)  in  this  katabolism  it  is  muscle  proteid  that  is  used 
up  as  indicated  by  the  fact  that  the  increased  N and  S excretions  are  not 
associated  with  increased  uric  acid  and  phosphorus  excretion,  the  muscle 
not  being  rich  in  the  nucleo-proteids-that  produce  these;  (3)  in  case  the 
person  doing  severe  work  is  not  in  proper  muscular  training  the  proteid 
loss  is  associated  with  the  nucleo-proteid  loss  represented  by  the  increas- 
ed uric  acid  and  phosphorus  excretion.  In  the  case  of  massage  the  in- 
creased! excretion  of  H2C)  and  phosphorus  is  ascribed  to  the  physical  in- 
fluence  of  an  increase  in  the  lymph  flow  which  bears  these  substances  out 
of  the  tissues,  so  that  there  is  not  necessarily  any  increase  in  katabolism. 
This  would  seem  to  indicate  the  importance  of  muscular  training  in 
economizing  the  body  substance,  as  by  such  training  the  muscle  is  prevent- 
ed from  drawing  upon  other  tissues  for  proteid  thus  decreasing  the 
necessity  for  excessive  metabolism  and  so  economizing  the  bodv  sub- 
stance. 

SEC  I ION  IX.  Influence  of  the  Ductless  Glands 

on  Metabolism. 

1 he  influence  exerted  upon  the  metabolic  processes  by  different 
oi  gans  of  the  body  is  specific.  The  liver,  as  we  have  seen,  has  an  import- 
ant influence  on  carbohydrate  and  proteid  metabolism,  the  pancreas  has  a 
mysterious  influence  on  carbohydrate  metabolism,  while  the  kidneys  have 
something  to  do  with  the  prevention  of  tissue  waste.  The  excision  of 
the  testes  and  the  pancreas  removes  from  the  body  certain  materials  that 
influence  metabolic  processes,  especially  in  connection  with  carbohy- 
drates,  whether  the  action  is  direct  or  indirect  through  the  nervous  sys- 
tem. As  we  saw  before,  Brown-Sequard  and  others  have  claimed  that 
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the  extracts  of  these  glands  have  a tonic  effect  upon  nerve  and  muscle. 
Besides  these  we  have  what  are  called  the  ductless  glands,  sometimes  the 
blood  glands,  which  give  certain  substances  to  the  blood  necessary  to 
body  nutriment.  As  we  saw  in  speaking  of  secretion,  the  substances  se- 
creted in  these  glands  form  the  internal  secretions,  so  called  because  they 
are  not  found  in  connection  with  a free  surface  but  are  carried  through 
the  blood  or  lymph  into  the  general  circulation.  These  are  five  in  num- 
ber, the  thyrojcjs,  the  pituitary  body,  the  supra-renal  bodies,  the  thymus 
and  the  spleen. 

1.  The  Thyroids. — The  thyroids  are  secreting  glands  consisting  of 
alveoli  lined  with  epithelial  cells  which  are  filled  with  colloid.  The  celL 
exhibit  secreting  activity.  Drechsel  thinks  there  are  several  substances 
in  the  secretion  representing  different  functions.  The  gland  is  very 
vascular  and  nervous,  these  elements  being  closely  connected  with  the 
cells.  It  seems  to  be  very  active  as  a gland  in  youth,  becoming  degener- 
ated in  old  age.  We  have  already  seen  that  thyroidectomy,  at  least  in  dogs, 
always  results  fatally.  Disease  in  the  thyroid  represents  an  abnormal 
condition  such  as  goitre,  cretinism  and  certain  myxoedematous  hyper- 
trophied or  hyperplasiac  conditions  which  are  characterized  by  the  large 
amount  of  mucin  found  in  the  connective  tissues,  the  glands  becoming 
embryonic  in  this  respect.  Halliburton  has  shown  that  in  normal  thv- 
roids  there  is  a large  amount  of  mucin.  This  myxoedematous  condition 
has  been  identified  with  the  same  symptoms  as  in  cases  of  thyroidectomy, 
symptoms  that  indicate  nervous  disorders  in  connection  with  the  nutri- 
tion of  the  nervous  system.  These  systems  can  be  avoided  by  subcutane- 
ous gral'tingof  a part  of  the  glands.  ' Dogs  do  not  exhibit  the  myxoedema, 
probably  because  the  death  results  so  speedily  as  compared  with  man  and 
monkeys  in  which  there  is  a swollen  condition  together  with  cretinous 
symptoms  and  spasms  prior  to  death.  In  man  as  he  becomes  advanced 
in  years,  and  in  birds  and  herbivora  these  symptoms  are  not  found,  in 
the  latter  case  said  to  be  on  account  of  the  presence  of  the  thyroid  acces- 
sories. Associated  with  thyroidectomy  we  find  not  only  abnormal  nerv- 
ous conditions  but  also  certain  metabolic  conditions.  Leaving  aside  the 
nervous  changes  which  are  associated  with  muscular  twitching,  spasms 
and  tetanus,  cretinous  conditions,  loss  of  temperature  and  sensibility,  the 
metabolic  changes  are  associated  chiefly  with  the  connective  tissue  which 
becomes  swollen  and  filled  with  a large  quantity  of  mucinoul  substance. 


the  hypertrophied ...  - 

from  the  pneumogastrics  and  the  cervical  sympathetic  ganglia.  ne 
nervous  changes  which  arise  From  central  origin,  at  first  aie  associated 
with  a rise  of  temperature  followed  by  a distinct  fall  below  the  noi  mal. 
The  thyroid  secretion  seems  necessary  for  the  nutrition  of  the  neixous 
system.  Semon’s  theory  is  that  the  chemical  activity  and  growth  ot  the 
connective  tissue  is  cut  short  so  that  instead  of  evolution  there  is  devolu- 
tion, the  connective  tissue  degenerating  back  to  an  embryonic  condition 
characterized  by  excess  of  mucin,  finally  yielding  to  disintegration. 

Two  theories  have  been  brought  forward  to  account  for  this  condi- 
tion. Cl)  The  auto-toxi cation  theory,  according  to  which  the  glands  re- 
move from  the  blood  certain  toxic  substances  rendering  the  body  immune 
from  their  noxious  influence.  If  this  were  true  the  thyroid  would  be 
largely  absorbent  and  excretory.  (2)  The  other  theory  which  is  of  met- 
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abolic  value  regards  the  thyroids  as  the  source  of  an  internal  secretion, 
this  secretion  being  necessary  fur  the.  metabolism  of  the  body,  especially 
in  connection  with  the  trophic  condition  of  the  nervous  system  and  the 
connective  tissue.  The  truth  of  this  theory  seems  to  be  proved  bv  the 
fact  that  thyroid  injections  have  a good,  not  an  evil  effect,  in  thyroid- 
ectomy and  myxcedema  conditions.  Kven  in  the  case  of  a normal  individ- 
ual thyroid  injections,  if  made  in  the  veins,  produce  a lowering  of  blood 
pressure,  an  increase  of  the  radial  artery  c.aliber,  also  producing'  increas- 
ed body  metabolism  accompanied  by  a large  increase  in  the  urine  excrc- 
cretion  and  a lessening  of  the  fat  of  the  body.  In  the  case  of  the  removal 
of  the  thyroid  there  is  certainly  a nervous  change  which  is  found  to  result 
in  a change  in  the  respiratory  exchange  of  gases,  with  abnormal  changes  in 
body  temperature,  this  latter  condition  representing  a changed  condition 
in  the  vaso-motor  system.  In  connection  with  feeding  thyroid  it  has  been 
found  that  for  a time,  at  least,  there  was  an  increased  N excretion  with 
sodium  chloride  and  phosphoric  acid  increase;  according  to  others  an 
increase  in  the  cardiac  pulsations  accompanied  by  glycosuria  and  an  in- 
crease in  the  amount  of  urea  in  the  urine.  It  seems  to  be  established 
that  the  thyroid  secretion  has  an  important  metabolic  value.  The  close 
connection  with  the  nervous  system  has  been  established  in  connection 
with  the  vessels  that  supply  blood  to  the  brain,  the  nerves  that  enter  the 
thyroid  being  strong  vaso-dilators.  It  has  been  found  that  the  stimula- 
tion of  the  thyroid  nerves  lessens  the  carotid  blood  pressure,  this  stimula- 
tion may  be  made,  as  Cyon  points  out,  by  dividing  the  vagi,  the  depressor 
or  the  cardiac  branches  of  the  recurrent  laryngeal  nerves  and  stimulat- 
ing the  cut  ends.  After  thyroidectomy  the  stimulation  of  the  nerves  be- 
comes less  sensitive.  This  has  an  important  osteopathic  value,  because 
the  great  vascularity  of  the  thyroid  and  its  close  and  delicate  nervous  con- 
nection with  the  brain  and  with  the  heart  and  other  organs  through  the 
vagi  and  depressor  nerves  makes  it  a most  important  structure  in  osteo- 
pathic  manipulation. 

2.  The  Pituitary  Body.— -The  anterior  portion  of  the  pituitary  body 
situated  at  the  base  of  the  brain  is  glandular  in  structure  and  seems  to  be 
analogous  in  function  to  the  thyroids.  It  is  quite  vascular  with  few  ner- 
vous connections.  In  the  case  of  its  removal  from  cats  and  dogs  it  results 
fatally,  death  taking  place  inside  fourteen  days.  Associated  with  the  re- 
moval of  this  gland  we  find  loss  of  temperature,  loss  of  appetite  and  fa- 
tigue,  tremors  passing  into  spasms  and  difficulty  in  breathing.  In  some 
of  the  symptoms  we  have  the  analogy  of  the  thyroids.  In  case  of  the 
thyroid  removal  it  is  said  that  it  sometimes  results  in  the  substitution  of 
the  pituitary  gland  for  the  thyroid.  On  account  of  the  closeness  of  these 
two  it  is  interred  that  the  pituitary  furnishes  Turin  ter  nal  secretion  of  value 
I"  the  nervous  and  muscular  tissues.  Some  claim  that  in  myxoedcma 
there  is  an  enlargement  of  the  pituitary  gland  so  that  the  thyroid  and 
pituitary  ary  connected  in  this  pathological  condition.  It  is  certain  that 
wheTTfne  pituitary  is  enlarged  there  is  a hypertrophied  condition  of  the 
ta.ee  or  extremities,  due  to  the  hyper-function  of  the  hypophysis.  Asso- 
ciated with  this  same  condition  is  said  to  be  an  abnormal  th  vmus  develop- 
ment. Sc h iff  by  feeding  pituitary  extracts  found  that  there  was  a large 

increase  ot  phosphoric  acid  with  very  little  increase  in  N,  indicating  that 
the  pituitary  has  an  important  influence  am  the  osseous  metabolism.  The 
MJ?£.ol  pituitary  extracts  has  been  found  to  increase  very  considerably  the 
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rise  in  the  blood  pressure,  this  latter  result  being-  due  to  contraction  of 
the  arterial  capillaries.  Experiments  have  'been  made  to  prove  that  this 
effect  is  direct  and  not  through  the  nervous  system.  By  cutting  off  all 
nervous  connection  in  the  case  of  a frog  and  injecting  through  the  circu- 
lation a sodium  solution  with  pituitary  extracts,  the  contraction  of  the 
blood  vessels  takes  place.  This  indicates  that  there  passes  from  this  inland 
an  internal  secretion  which  passes  directly  to  the  blood,  producing  heart 
and  arterial  contraction  while  at  the  same  time  influencing  the  metabolism 
of  bone  and  nervous  tissue. 

3.  The  Supka-renal  Capsules. — These  are  intimately  connected 
with  certain  nutritive  processes.  In  the  case  of  Addison’s  diseasy  which 
is  tubercular  in  its  character  and  seems  to  be  localized  in  the  medullary 
part,  associated  with  loss  of  strength  and  the  characteristic  bronzed  skin 
and  membranes  we  And  a pathological  condition  of  these  bodies.  It  has 
been  found  that  the  excision  of  these  bodies  results  fatally  in  a short  time, 
from  one  to  three  days,  whereas  if  only  one  is  removed  no  abnormal  re- 
sults are  noticeable,  the  abnormal  conditions  resulting  from  removal  being 
similar  to  those  found  in  Addison’s  disease.  The  vascular  system  loses 
tone,  death  being-  produced  by  paralysis  of  the  respiratory  muscles.  The 
vascular  system  seems  to  be  affected,  as  some  toxic  substances  in  the  blood, 
have  a marked  effect  when  injected  into  other  animals  that  have  recently 
been  deprived  of  these  supra-renals,  although  no  effect  in  the  case  of  nor- 
mal animals.  . In  the  case  of  injected  blood  we  find  the  symptoms  of 
poisoning  associated  with  the  paralysis  of  the  muscles  and  nerves  ImTTcat- 
ing  the  ar.cumulationin  the  blood  of  the  muscles  ot  certain  noxious  sub- 
stances arising  from  muscular  metabolism.  On  this  theory  the  function  of 
the  glands  is  to  remove  from  the  blood  this  toxic  substance.  This  is 
based  on  the  theory  of  the  toxic  effect  of  injected  blood,  but  this  does  not 
take  account  of  the  fact  that  in  case  of  any  animal  dying  gradually  its 
blood  would  have  a toxic  influence.  Aside  from  this  negative  function  of 
these  bodies  it  is  certain  that  there  is  produced  in  connection  with  these 
bodies  an  internal  secretion  which  has  important  properties  that  it  brings 
to  the  blood.  It  has  been  found  that  the  injection  subcutaneously  of  ex- 
tracts of  the  supra-renals  in  large  doses  increases  ~the~heart  beat,  quick- 
ening respiration  and  producing  a fall  in  body  temperature.  In  the  case 
of  some  animals  like  the  rabbit  large  injections  produce  rapid  death.  By- 
injecting  the  extract  into  frogs  in  connection  with  the  lymph  there  is 
found  paralysis,  the  back  part  of  the  body,  especially  the  limbs,  becoming 
paralyzed  before  the  front  part.  When  injected  into  the  blood  there  is  a 
strong  effect  noticed  in  connection  with  he  muscles,  especially  the 
cardiac  muscles  and  the  arterial  walls,  upon  the  nerve  centers  in  the 
medulla,  chiefly  the  cardio-inhibitorv  and  respiratory  centers.  In  the 
case  of  the  ordinary  muscles  muscular  contraction  becomes  prolonged. 
In  the  case  of  the  heart  if  the  pneumogastrics  are  intact  the  injection  of 
the  extract  slows  and  in  some  cases  arrests  the  auricular  contractions, 
the  ventricular  beating  continues  slowly  and  the  pulse  being  also  slowed. 
If  the  pneumogastrics  are  divided  the  auricular  and  ventricular  contract- 


pneumogastr . 

ions  are  increased,  driving  out  a large  quantity  of  blood  into  the  ai  ter  ies. 
raising  the  arterial  pressure  very  considerably.  In  the  case  of  the 
arteries  there  is  contraction  of  the  capillaries,  the  contraction  resulting 
directly  from  the  effect  of  the  injected  substance  upon  the  muscular  sub- 
stance  in  which  the  arteries  are  found.  Eyyjul^he  squnal  cord  is  divided 
or  the  medulla  removed  the  same  effect  is  noticeable,  so  that  it  mus 
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due  to  direct  action  and  not  through  the  nervous  system.  In  the  case  of 
the  rise  of  blood  pressure  when  the  pneumogastrics  are  divided  the  pres- 
sure may  be  raised  to  five  or  six  times  its  normal,  this  being-  produced  by 
direct  action  on  the  capillary  arteries.  These  results  in  the  case  of  in- 
jection into  the  blood  of  the  veins  do  not  last  long-,  the  vessels  becoming- 
normal  very  quickly  and  the  action  of  the  heart  also  gradually  becoming- 
normal.  In  case  of  the  effects  upon  the  vascular. system  it  is  possible  to 
stimulate  the  action  of  the  blood  vessels  throug-h  the  depressor  nerve  in 
connection  with  the  vaso-motor  center  and  yet  very  quickly  the  effect 
ceases,  probably  because  the  nocuous  substances  become  stored  in  some 
organ  or  organs  possibly  the  muscles.  In  the  muscles  the  effects  arc 
noticeable  for  the  longest  time.  The  substance  seems  to  be  associated 
with  the  medullary  parts  of  the  capsules  and  is  very  powerful  .0055g-rams 
of  the  supra-renal  when  dried  being  sufficient  to  get  the  greatest  effect 
on  the  heart  of  a dog.  The  medulla  is  entirely  different  from  the  cortox, 
the  former  representing  the  sympathetic  ganglia.  There  is  a rich  blood 
supply  indicating  that  active  metabolism  takes  place  in  connection  with 
the  bodies,  in  the  pigment  provision.  There  is  also  an  abundant  nerve 
supply  indicating  close  nervous  connections.  Themedullary  part  is  whit- 
ish as  distinguished  from  the  cortical  part  which  is  yellowish  and  also 
very  subject  to  become  decomposed.  As  the  medullary  part  is  only  a 
part  of  the  capsulejtnd  as  it-isTargely  proteid  in  composition  there 
is  only  a wery  small  pari  left  ffhaUs-subje-ct  to  the  chemical  action,  soTTat 
the  actic  part  _of,  the  gland  is  very  small.  This  would  make  the  active 
substance  very  powerful  inaction'  one  millionth  part  of  a gram  per  kilo- 
gram of  body  weight  being  sufficient  to  produce  an  effect  on  the  heart 
and  arteries.  It  may  be  concluded  that  there  is  being  continuously 
secreted  an  internal  secretion  which  when  passed  to  the  blood  has  a very 
powerful  effect  in  connection  with  muscular  metabolism,  particularly  the 
muscles  associated  with  the  vascular  system.  The  substances  formed 
pass  into  the  blood  and  when  brought  to  the 'muscles  exercise  a beneficial 
influence  upon  muscle  contraction,  particularly  cardiac  muscle  and  the 
muscular  walls  of  the  arteries,  so  that  the  secretion  has  an  important  me- 
tabolic function. 

4.  The  Thymus. — This  like  the  medullary  part  of  the  supra-renals  is 
lymphatic  and  by  some  is  considered  part  of  the  lymphatic  system.  Un- 
like the  other  glands  the  blood  vessels  although  abundant  are  small  and 
hence  tin-  thymus  is  not  vascular.  ~ In  connection  with  the  thymus  there 
m extracted  by  the  use  of  a sodium  solution  a nucleo-proteid  which  contains 
about  .8  per-cent  of  phosphorus  and  is  said  to  have  some  relation  to  fibrin 
loi  'nation.  So  much  is  this  so  that  if  the  thymus  extract  is  injected  into 
the  blood  there  is  produced  an  intravascularTlod(T coagulation.  In  addi- 
tion to  this  nucleo-proteid  there  are  found  in  connection  with  the  gland 
xantbin,  hypo-xanthin,  leucin  and  lactic  acid.  As  it  is  more  full v develop- 
ed in  embryonic  life  and  disappears  gradually  after  birth  it  is  supposed 
to  be. connected  with  the  metabolic  functions  of  developing  tissue. 

a.  The  Spleen.—' Th is  organ  on  account  of  its  size  and  the  largeness’ 
ot  its  blood  supply  as  well  as  its  close  relation  to  the  organs  of  alimentat- 
ion has  important  nutritive  functions.  And  yet  the  spleen  can  be  entirely 
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presumed  that  on  the  removal  of  this  organ  the  functions  are  discharged 
by  stfhTe  oTIfer  organ  such  as  the  lymphatic  glands.  Schaefer  reports 
that  in  a case  in  which  he  removed  the  spleen  he  found  an  increase  in  the 
lymphatic  glands  which  are  related  to  the  blood.  As  the  function  of  the 
spleen  is  supposed  to  be  connected  with  the  formation  of  the  lymph  cor- 
puscles and  the  red  blood  corpuscles,  this  function  would  seem  to  be 
capable  of  performance  by  other  organs  rich  in  lymphoid  tissues.  There 
is  in  the  spleen  a special  function  associated  with  the  disintegration  of  the 
blood  corpuscles  as  a large  amount  of  iron  together  with  haemoglobin  are 
found  in  the  spleen  in  different  stages  of  transformation.  The  spleen  is 
supposed  to  disintegrate  some  of  the  red  blood  corpuscles  the  pigment 
being  sent  to  the  liver  either  in  the  haemoglobin  form  or  in  the  bile  pig- 
ment form,  neither  of  which  are  found  in  connection  with  the  blood  of  the 
splenic  vein.  Others  ascribe  to  the  spleen  the  function  of  forming  new 
red  blood  corpuscles,  as  the  leucocytes,  such  as  are  found  in  the  red  mar- 
row of  bones  are  often  found  in  the  spleen  and  in  the  case  of  extensive 
bleediug  these  are  found  especially  in  the  spleen. 

Schaffer  thinks  that  the  chief  function  of  the  spleen  is  to  actas  a store- 
house in  which  the  portal  blood  is  deposited,  in  other,  words,  to  receive 
the  blood  when  there  is  a tendency  to  over-much  blood  in  the  viscera.  In 
proof  of  this  he  cites  the  rhythmic  action  of  the  spleen  in  contraction  and 
dilatation  which  seems  to  indicate  that  the  spleen  aidsjhe  flow  of  the  portal 
blood  sending  it  on  to  the  liver,  in  this  way  preparing  the  blood  for  the 
important  metabolic  changes  that  take  place  in  the  liver.  In  connection 
with  the  spleen  we  find  the  delicate  arteries  opening  into  the  recticulum, 
so  that  the  blood  passes  freely  between  the  reticular  cells.  In  this  way 
there  is  a large  volume  of  blood  freely  flowing  through  the  meshes  of  the 
spleen  pulp,  the  amount  varying  in  different  conditions  of  the  organ.  The 
spleen  changes  its  size,  after  a meal  becoming  larger  and  continuing  to, 
increase  during  several  hours.  Pathologically  such  an  enlargement  is 
found  in  ague;  when  the  ague  becomes  chronic  the  spleen  becomes  per- 
manently enlarged.  This  enlargement  arises  from  the  dilatation  of  the 
arteries' associated  with  the  local  inhibition  of  the  contraction  usually 
found  in  the  muscle  fibres.  The  normal  tonic  contition  of  the  spleen  de- 
pends upon  the  regulation  of  the  central  nervous  system.  By  tracing  the 
spleen  curve  in  connection  with  the  plethysmograph  we  find  that  the 
movements  accompany  the  respiratory  movements  not  the  heart  variation, 
that  is,  do  not  depend  upon  the  blood  pressure.  They  seem  to  depend 
upon  the  amount  of  blood  retained  in  the  spleen  and  not  so  much  on  the 
increase  or  decrease  of  the  flow  through  the  spleen.  The  contractions  and 
relaxations  are  undoubtedly  due  to  contractions  and  relaxations  of  the 
muscle  fibres,  in  other  words,  the  muscular  contraction  and  dilatation  rep- 
resent the  accommodation  of  the  organ  to  a decreased  or  increased  flow 
of  blood.  This  muscular  contraction  is  subject  to  nervous  control.  1 he 
stimulation  of  the  vagus  produces  a rapid  contraction  of  the  spleen  duect- 
iy  reflexly  such  a result  follows  the  stimulation  of  the  central  end  of 
anv  sensory  nerve.  By  the  excitation  of  the  medulla  through  a galvanic 
current  the  same  result  may  be  gained.  Thus,  the  nervous  sysem  regu- 
lates the  blood  flow  through  the  spleen,  the  blood  undergoing  certain  met- 
abolic changes  in  its  passage.  . ^ . n 

As  we  saw,  the  spleen  transformation  has  an  important  influence  on 
the  liver  changes,  because  the  changes  in  the  spleen  and  the  amount  ol 
blood  passing  through  it  must  influence  the  liver  action.  hi  the  spleen 
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Wfi  find  a special  substance  of  proteid  nature,  alkaline  in  character  and 
© onibined  with  iron.  T his  'iron  prnt-Pifl^-tngp+hfri-  with  pigrin urit^.  which 

aj’e  associated. with  C.  .seems  to  have  an  important  .bearing ..on  the  Ikciiio- 
gk)bin  changes.  In  the  spleen  we  find  only  a very  small  proportion  of 
potassium  and  chloride  with  a large  quantity  of  phosphate  and  sodium, 
being-  very  abundantly  supplied  with  extractive  substances  such  as  butyric, 
lactic  and  formic  acidsj.,  with  leucin,  xanfhin  and  uric  acid.  It  is  peculiar 
tbaL  uric  acid  is  formed  in  this  spleen  of  all  animals,  even  in  case  of  the 
herbiyora  whose  urine  does  not  exhibit  any  uric  acid.  These  snh^fancos 
especially  uric  acid  and  leucin  indicate  the  metabolic  activity  of  spleen. 

b.  1 he  Kidney,  P ancreas  and  Lj veil— As  we  have  been  discussing- 
the  internal  secretions  it  is  important  to  notice  the  distinction  of  the  ex- 
ternal and  internal  secretions  in  the  liver  and  the  importance  of  this  se- 
ct etion  in  connection  with  metabolism.  All  that  we  know  at  present  is 
that  cei  tain  substances  carried  to  the  liver  after  being-  changed  are  ex- 
c refed  as  bile,  others  are~tatv£TT up  by  the  livefcelfe:  chan ^eArsTorpTf Tor  a 
time  in  the  cells  and  given  but" again  to  the  blood.  The  bile  is  regarded 
as.an  external  secretion  of  the  liver  while  glycogen  is  an  internal  secre- 
lion.  In  one  sense  all  the  body  tissues  are  engaged  in  forming  internal  se- 
cretions because  when  substances  are  absorbed  from  the  blood  and  lymph 
they  are  given  out  again,  except  so  far  as  transformation  takes  place  in 
the  upbuilding  of  the  tissues  and  in  excreting  substances  in  connection 
with  certain  ducts.  The  internal  secretion  of  the  liver  is  more  important 
than  the  extei  nal.  If  the  liver  is  removed  the  animal  can  not  survive  but 
it  can  survive  even  if  by  the  opening  of  a fistula,  the  bile  is  permitted  to 
escape  continuously.  If  the  pancreas  is  extirpated  death  results  in  many 
annuals  and  in  the  human  subject  there  is  a diabetic  condition  induced 
which  results  fatally.  If  however  the  pancreatic  juice  is  lost  by  means  of 
a fistulous  opening-  life  is  not  impaired,  although  the  fat  digestion  and 
absorption  is  weakened.  The.  removal  of  the  kidneys  also  results  fatally. 
Death  seems  to  result  from  the  interference  with  certain  necessary  me- 
ta bold ic  changes,  in  the  case  of  the  pancreas  resulting  in  sugar  accumu. 
lation  and  ln  case.oJ'  the  kidneys  in  urea  accumulation  in  the  urine.  Asso- 
ciated  with  both  of  these  there  is  an  increased  proteid  decomposition, 
itwideiiflj^jthe  kidney  and  pancreas  have  an  important  metabolic,  inn  etion 
ui  connection  with  the  fluids  of  the  body  like  the  liver,  either  extractin'**- 
irom  them  or  sending  out  to  them  certain  substances  that  are  of  great  im- 
portance in  connection  with  metabolism, 
creas  is  concerned  in  the  formation  of. 

fir'1  ,'n  the  Pecullar  part  of  the  gland  forming  the  epithelioid  tissue, 
i nat  these  organs  have  an  important  metabolic  action  seems  to  be  proved 
but  as  yet  we  can  not  definitely  state  what  it  it. 

\\Jlen  the  liver  is  removed  in  the  frog,  and  in  birds  there  is  the-  ab- 
senceof  the  bile  acids  and  pigments  from  the  blood.  These  substances 
theieforejnust  be  formed  in  the  liver  and  not  simply  separated  from  the 

cted 

. done  by  injecting  a haemoglobin  solution  or  blood  rendered  laly  by  the 

l rccz*nkr  process,  the  bile  pigment  is  increased  to  such  an 
extent  that  it  does  not  all  pass  to  the  bile  duct  but  is 
thP.  blood  and  then  into  the 

bile_ pigment,  bilirubin, 

globm,  the  proteid  and 


According  to  Schaefer  the  pan- 
an  internal  secretion  which  is 


blood, 
into 


1 T(-  , ; ^upai.lLUU  1 1 Olll 

y-  11  haemoglobin  separated  from  the  blood  corpuscles  is  in  jei 
the  circulating  blood,  the  bile  pigment  is  found  in  the  urine.  If 


is 


urine, 
simply 


is  in  part  thrown  off  in- 
This  indicates  that  the 
transformed  hzemo- 


mm  elements  beim 


removed. 


335 


THE  LAWS  OK  NITROGENOUS  METABOLISM. 


a fact  which  is  proved  by  the  presence  in  these  cells  of  certain  combi- 
nations of  iron  and  proteid.  Even  when  the  liver  is  thoroughly  washed 
out  there  is  found  in  the  hepatic  substance  some  iron  varying-  in  quantity. 

, The  iron  is  in  combination  with  some  organic  substance  as  it  requires  to 
be  treated  with  hydrochloric  acid  before  it  will  give  the  sulphocvanide  re- 
action. The  bile  contains  a quantity  of  iron  liberated  from  haemogoblin 
but  this  does  not  account  for  all  the  iron  set  free,  evidently  a part  goe^ 
into  a combination  with  some  proteid  or  nuclein  substances.  The  liver 
cells  therefore  have  the  power  of  dividing  up  the  haemoglobin  part  of  the 
split  up  iron  combining  with  an  organic  substance  the  balance  being  ad- 
ded to  the  bile.  So  far  as  known  the  hepatic  cell  acts  in  the  transforma- 
tion of  the  liberated  haemoglobin  into  bilirubin,  whether  the  liberation  of 
the  haemoglobin  from  the  red  corpuscles  takes  place  in  connection  with 
the  liver  cells  is  not  known. 

We  have  found  that  the  red  corpuscles  undergo  transformation  to  a 
certain  extent  in  the  spleen  so  thatjt  is  inferred  by  some  that  one  of  the 
splenic  functions  is  to  liberate  haemoglobin  from  the  corpuscles  and  To 
tp rongh~Thf-  splenic  and  portal  veins  to  the  liver.  That  this  is  riot 
the  only  origin  is  proved  by  the  fact  that  the  bile  secretion  continues  after 
the  extirpation  of  the  spleen,  so  that  other  parts  or  organs  of  the  body 
must  discharge  this  same  function.  In  the  formation  of  the  bile  acids  in 
connection  with  the  combination  of  cholalic  acid  with  glycin  and  taui  in, 
the  glycin  and  taurin  arising  in  connection  with  tissue  metabolism,  the 
liver  cells  furnish  the  cholalic  acid  and  also  accomplish  the  synthesis 
n e c e s sa r v to  tli c f o r vn at i oil . of-the-ncids  in  the  bile  fornir  Tli c k bdlalic 
acid  seems  to  arise  in  connection  with  liver  cell  metabolism  but  in  what 
way  we  do  not  know.  When  bile  is  present  in  the  intestines  the  hepatic 
cells  are  excited  to  increased  activity,  this  being  supposed  to  be  due  to 
the  absorption  of  taurin  and  glycin,  these  substances  exciting  the  hepatic 
metabolism  in  the  formation  of  the  cholalic  acid.  Where  we  find  a jaun- 
dice condition  this  indicates  the  excess  of  the  bile  pigment  in  the  blood, 
the  skin  and  urine  becoming  yellow  on  account  of  the  presence  of  the 
pigment!  In  nearly  all  jaundice  conditions  we  find  the  interfeien.ee  with 
' the  bile  flow,  the  bile  being  reabsorbed  in  the  blood.  In  some  jaundice 
conditions  howrever  there  is  no  interference  with  the  bile  flow,  as  in  case 
of  acute  vellowr  atrophy  of  the  liver  and  in  yellow  fever,  in  these  eases 
there  being  an  accumulation  of  the  bile  pigment  but  not  oi  the  bile  acids. 
The  bile  formation  is  said  to  be  closely  connected  with  the  formation  oi 
glycogen  in  the  liver.  They  take  place  in  the  same  cell  and  furthei  evi- 
dence may  bring  them  into  close  connection. 

SECTION  X.  The  Laws  of  Nitrogenous  Metabolism. 

We  have  already  discussed  the  subject  of  nitrogenous  equilibrium  in 
which  case  there  is  an  exact  balance  of  the  income  and  expenditure,  the 
nitrogen  lost  being  just  equal  to  the  amount  taken  in  the  food,  the  cai  bon 
lost  being  also  equal  to  the  amount  taken  in,  or  the  carbon.giyen  oft  ma\ 
be  more  or  less  than  that  received,  in  which  case  the  body  will  be  losing 
or  gaining  fat,  the  proteid  tissue  remaining  the  same..  Inside  the  limits 
of  nitrogenous  equilibrium  which  represents  the  normal  condition  of  t 
healthy'  adult,  the  body  uses  up  its  nitrogenous  income  and  nostoiage 
takes  place  for  the  future.  When  deprived  of  food  the^aniinale^om> 
This  is  supposed  to  take  place  under  the  active  influence  o le  i\c  >- 
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— — — If,  instead  of  sta r y at i OJl v th cr e.i s -a. large 

proportion  of  proteid  furnished  to  the  body,  thpn  there  i»nn  excess,  in 
which  case  there  is  an  N storage  representing- flesh  added  to  the  body. 
Very  soon,  however,  there  is  a rearrangement  of  the  economy,  the  sys- 
tem becoming  accommodated  to  the  new  standard,  the  expenditure  being- 
increased  to  keep  pace  with  the  income.  On  considering  these  changin 
conditions  we  infer  certain  laws  or  principles  in  regard  to  the  nitrogenon 
balance  that  are  of  interest  from  a metabolic  standpoint. 

1.  The  supply  of  nitrogenous  food,  regulates,  to  a large  extent,  the 
nitrogenous  consumption,  in  other  words,  dietetically  and  physiologically 
the  supply  regulates  THE_DEMAND.  This  seems  to  be  a most  wonderful 
law  from  a physiological  standpoint  and  various  theorists  have  tried  to 
explain  it.  It  is  said  by  some  that  where  a large  amount  of  the  protcid  is 
taken  there  is  a splitting  up  of  the  protcid  in  the  alimentary  canal,  l.eucin 
and  t\-rosin  being  formed,  these  substances  forming  the  short  wav  to  the 
formation  of  urea  without  being-  associated  with  the  ordinary  proteid  of 
the  blood  or  passing  through  the  ordinary  organs.  In  this*  case  there 
would  really  be  a waste  of  the  income,  the  excess  of  proteid  being  taken 
out  of  the  normal  proteid  channel  and  the  metabolism  of  the  organs  and 
tissues  being  saved  to  this  extent,  so  that  it  would  represent  a saving  on 
the  part  of  the  organs  of  the  body  in  the  metabolic  processes.  It  is  ques- 
tionable, however,  if  this  takes  place  to  any  larg-e  extent  in  the  body  and 
when  it  does  take  place  it  represents  only  a very  small  part  of  the  metab- 
olism of  proteid.  By  others  it  is  argued  that  the  excess  of  proteid  be- 
comes oxidized  in  the  blood  and  lymph  without  passing  through  the  tis- 
sues. . This,  however,  is  contrary  to  the  generally  accepted  theory  that 
oxidation  takes  place  principally  in  connection  with  the  living  cells  of  the 
bioplasm  and  not  in  the  fluids  of  the  body  outside  of  the°  tissues.  It 
seems  then  that  themetabolism  takes  place  chiefly  in  connection  with 
the  ceTTs  of  the  body  tissue 

to  the  mannei  in  which  this  tisue  metabolism  takes  place  there  is 
difference  of  opinion.  . According  to  some  the  metabolism  takes  place, 
not  in  connection  with  the  tissue  proteid'substance,  but  the  circulatin><- 
proteid  which  is  normally  said  to  be  sufficient  to  carry  on  the  oxidation 
processes  and  so  to  supply  the  waste  in  the  tissue  proteid.  This  circulat- 
‘ngpjiotejd  is  supposed  to  be  split  up  and  to  be  acted  upon  in  such  a wav 
as  to  provide  for  the  necessities  of  the  tissues.  In  opposition  to  this  it  is 
held  by  others  that  the  tissue  proteid  itself  becomes  broken  down,  remain- 
ing only  for  a short  time  in  its  cellular  form,  the  old  cells  giving  place  to 
new  cells,  the  entire  food  proteid  taking  part  in  this  process  of  tissue  up- 
building. In  opposition  to  both  of  these  theories  it  is  claimed  that  no  dis- 
tinction  can  be  drawn  between  the  circulating  and  the  tissue  proteid,  that 
all  the  circulating  proteid  really  (becomes  tissue  proteid  and  becomes  part 
oi  the  organized  substance,  afterwards  being  subjected  to  the  metabolic 
processes.  When  there  isa  large  proteid  supply  in  the  form  of  food  then 
there  is  also  an  accompanying  increase  in  the  amount  of  bioplasmic  dissolu- 
tum.  J he  cell  substance  is  not  destroyed,  at  least  to  the  extent  of  destroy- 
c cells,  the  destruction  and  renewal  taking  place  inconnection  with 
the  substance  that  forms  part  of  the  cells.  In  favor  of  the  second  theory  it 
is  claimed  that  in  the  mammary  and  sebaceous  gland  there  is  a cell  disin-s 
tegration  which  seems  to  indicate  the  metabolic  process  in  general  as  in- 
volving cell  destruction  as  the  basis  of  functional  activity.  But  there  is 
no  proo  that  in  any  other  organs, except  possibly  the  mucous  glands,  such 
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cell  disintegration  takes  place  nor  is  there  any  proof  that  the  cell  product- 
ion is  so  rapid  as  to  account  for  this  theory.  If  the  experiments  made  by 
Munk  and  others  are  to  be  credited,  in  which  they  found  that  a dog- after 
fasting-  when  fed  with  proteid  and  carbohydrate  consumes  less  proteid 
than  during  starvation  then  the  indication  is  that  all  the  food  requires  to 
be  built  up  into  the  bioplasm  before  any  definite  changes  of  a metabolic 
character  take  place. 

2.  Associated  with  this  is  the  second  principle  that  nitrogenous  me- 
tabolism OPES  NOT  -DEPEND  VERY  LARGELY  UPON  MTT.STTTI.AK  lOtF-ROXSE.  the 
variation  in  nitrogenous  excretion  not  being  great  whether  the  individual 
is  at  work  or  at  rest.  Liebig  held  the  theory  that  the  proteid  alone  fur- 
nished muscular  contraction,  the  non-proteids  being  oxidized  in  heat  pro- 
duction. Later  experiments  have  proved  that  mucsular  exercise  which 
is  produced  by  the  proteid  food  does  not  materially  influence  the  urea  ex- 
cretion. The'  proteid  does  not  furnish  materials  sufficient  for  all  the 
energy  of  the  body  and  hence  a portion  must  be  derived  from  the  non-pro- 
teid.^In  addition  to  thisthe  large  C02  production  and  elimination  proves  that 
there  is  during  muscular  exercise  a lai'ge  carbonaceous  decomposition  in- 
volving fats  and  carbohydrates.  The  Licbiu-  theory,  therefore,  .thai-prtfe 
teid  foods  alone  produce  functional  and  body  energy  has  been  given  up. 
The~other  extreme  has  been  accepted  by  some,  according  to  which,  pro- 
teids  are  denied  any  share  in  energy  representing  muscular  activity,  the 
proteids  simply  repairing  the  waste  of  the  muscle,  whereas  the  non-proteid 
provide  the  coals  of  life.  This  would  make  the  dead  substance  of  the  non- 
proteid  furnish  the  energy  of  the  living  bioplasm. 

Neither  one  of  these  theories  seems  to  be  proved  by  the  facts  and  ex- 
periments adduced  in  support  of  them.  I he  N excretion  does  not  \ai  \ 
much  with  muscular  exercise,  but  this  does  not  prove  that  the  enei  g\ 
does  not  rise  from  proteid  consumption;  and  the  fact  that  the  proteids 
are  not  sufficient  to  provide  the  energy  required  in  muscular  exercise 
does  not  prove  that  it  normally  comes  from  the  non-proteid.  Pfluger  has 
shown  that  work  that  is  severe  both  in  man  and  in  dogs  does  produce  a 
change  in  the  N excretion.  - Even  if  this  were  unproved,  it  would  not 
prove  that  the  energy  does  not  rise  from  the  proteid  metabolism.  1 he 
mechanism  of  the  animal  body  is  such  that  adaptation  is  one  of  the  prin- 
ciples of  its  development.  It  has  a power  of  accommodating  itself  to  con- 
ditions so  that  if  fats  and  carbohydrates  are  proteid  protectors  and 
savers,  when  the  proteid  food  is  limited,  in  the  same  way  when  a severe 
drain  is  made  upon  the  system  in  severe  muscular  exercise  the  proteid 

may  be  saved  from  other  purposes  of  the  animal  economy  to  devote  it  to 

this  especial  purpose.  This  would  preserve  the  nitrogen  balance,  the 
proteid  being  saved  from  one  function  to  discharge  another,  when  the  de- 
mand is  made  upon  it.  Here  the  law  of  demand  and  supply  would  also  be 
applicable.  Experiments  by  Pfluger  have  also  proved  that  where  animals 
»are  fed  largely  upon  pure  proteid  there  is  a capacity  for  work  that  can  not 
be  explained 'on  the  assumption  of  a small  quantity  of  fat  from  cai  >o- 
h yd  rate  being  found  in  the  food,  the  energy  in  this  case  being  de|u\ed 
from  the  nitrogenous  food.  In  line  with  this  is  the  fact  that  the  minim  1 
of  proteid  necessary  to  sustain  normal  life  is  higher  where  the  life  is 
active  than  where  no  work  is  performed.  This  however  does  not  p.ovc 
either  opposing  theory,  because  in  the  case  of  a man  who  perfoi  ms  hai  d 
work  there  is  a larger  mass  of  muscle  to  feed  and  consequently  the  was t 
will  be  greater.  It  would  seem  then  that  in  the  .preservation  of  the  A 
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balance  the  preservation  the  of  nitrogenous  balance  does  not  depend  lar- 
gely upon  muscular  exercise,  this  being  explained  on  the  basis  of  body 
adaptation  to  varying  conditions. 

3.  Zuntz  has  made  experiments  that  indicate  this  additional  fact  that 
if  muscular  exercise  becomes  very  severe  and  excessive,  in  other  words 
if  it  results  in  dyspnoea  there  is  an  increased  urea  excretion  and  this  re- 
sults  from  the  dissolution  of  tissue  proteid. In  the  case  of  the  hibernat- 
ing  marmot  there  is  urea  excretion  during  hibernation,  this  being  due  to 
tissue  proteid  dissolution  indicating  the  loss  of  body  weight,  DuBois  esti- 
mating the  loss  at  20  per  cent  for  160  days  of  hibernation.  If  an  organ  or 
limb  is  used  excessively  it  becomes  hypertrophied,  if  it  is  used  less  than 
normal  it  is  atrophied^  the  former  representing  hyperfunction  and  hyper- 
nutrition and  the  latter  loss  of  function  and  deficient  nutrition.  . A portion 
of  the  body  that  is  used. more  than  other  parts  secures  more  nutriment, 
the  vessels  become  dilated  and  there  is  an  increased  blood  flow  demanded 
by  the  tissue  necessities.  When  a part  is  less  used  it  receives  less  food, 
the  vessels  contract  and  there  is  a lessened  blood  flow.  If  in  the  case  of 
a young  rabbit  the  cervical  sympathetic  is  divided  the  vessels  of  the  ear 
become  dilated  and  with  the  increased  blood  flow  there  is  an  increased 
nutrition  of  the  part  so  that  one  ear  becomes  larger  than  the  other.  The 
same  thing  is  true  of  any  limb  or  organ,  the  third  law  being  ex- 
pressed, more  exercise,  MORE  eood.  more  tissue,  the  converse  being  also 
true.  This  applies  to  the  particular  organs  of  the  body.  Physiologically 
this  is  illustrated  in  hypertrophied  conditions  of  the  heart  and  in  the  in- 
testines and  in  the  difference  between  those  employed  in  manual  labor 
and  those  engaged  in  sedentary  occupations. 

CHA P TER  VIII.  NU TUITION  PR OPER 

SECTION  I.  Introductory. 

We  have  seen  in  discussing  metabolism  that  it  is  impossible  to  de- 
scribe accurately  the  metabolic  phenomena,  representing-  the  many 
changes  through  which  the  food  elements  pass  in  the  body  before  being- 
eliminated  as  waste  products.  Nutrition  follows'  metabolism  because  it 
refers  to  what  takes  place  in  connection  with  the  metabolized  food  in  the 
nourishmentofthetissuesofthebody,  Wh  ejiThe  foo  d b e c o in  es  m etabolize  d 
in.caanectioiLAvith  the  tissues  it  is  assimilated  to  the  tissues.  Nutrition 
takes  account  of  the  provision  made  to  compensate  for  the  loss  of  tissue 
and  fluid  in  the  body.  All  the  body  functions  we  have  so  far  considered 
tend  in  the  direction  of  nutrition.  Nutrition  represents  different  forms 
of  the  process,  because  in  the  highly  organized  portions  like  the  brain  or 
the  muscles  and  in  the  less  organized  like  the  cartilages  the  process 
varies.  The  blood  carries  with  it  all  that  goes  to  form  tissue  or  secretion, 
either  in  the  form  required  as  in  inorganic  substances,  or  in  a form  call- 
able of  transformation  preliminary  to  assimilation  as  in  the  organic  sub- 
stances. All  or  almost  all  the  tissues  are  constantly  undergoing  a process 
of  disassimilation,  some  parts  becoming  dissociated  and  broken  down, 
forming  waste  matter,  and  other  portions  being  desquamated  like  the 
skin.  To  sustain  life  these  nutritive  processes  are  necessary  and  only 
where  life  is  found  do  we  find  these  nutritive  actions.  Life  from  the 
standpoint  of  origin  physiologically  seems  to  be  the  property  or  princi- 
ple associated  with  a certain  germinal  substance  of  appropriating  matter 
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from  without,  the  germ  gradually  appropriating  matter  untill  it  becomes 
completely  organized  with  definite  form  and  size.  When  life  becomes 
perfected  in  organism,  structure  and  function,  the  vital  property  enables 
the  organism  to  assimilate  new  substances  so  as  to  regenerate  itself.  In 
this  living  process  nutrition  begins  with  the  introduction  of  matter  during 
alimentation.  After  passing  through  certain  changes  the  process  is  con- 
tinued by  the  assimilation  of  this  matter  to  the  organism  w'hich  repres- 
ents the  culminating  point  of  metabolism.  Metabolism  as  first  used  by 
Schwann  referred  to  the  change  taking  place  in  a substance  or  substances 
resulting  from  contact  with  living  cells.  Metabolism  as  used  in  its  wide 
sense  refers  to  the  action  of  cells  whether  in  the  production  of  the  ele- 
ments of  a secretion  or  in  reference  to  the  changes  involved  in  assimila- 
ting and  disassimilating.  The  metabolized  food  elements  become  part  of 
the  living  bioplasm  and  this  represents  nutrition  proper. 

The  method  that  is' to  be  regarded  as  belonging  to  nutrition  proper, 
as  distinguished  from  metabolism,  is  the  statistical  method.  By  this 
method  the  ingesta  and  excreta  of  the  body  may  be  calculated  and  com- 
pared during  a given  time  so  as  to  lead  to  certain  conclusions  in  regard  to 
the  nutritive  value  of  the  food  and  its  assimilation  to  the  body.  This 
method  musFb'e  received  and  used  cautiously  as  there  is  danger  of  mak- 
ing the  matter  simply  a computation  without  regarding  the  living  activity 
of  the  tissues  and  organs.  In  this  way  the  method  is  open  to  danger  so 
that  care  must  be  taken  to  use  this  method  simply  as  a means  of  suggest- 
ing  principles  that  may  be  confirmed  in  other  ways. 

Nutritive  Conditions  of  the  Body. — In  order  to  the  proper  nutri- 
in  connection  with  metabolism,  three  things  are  neces- 


organ 


or  other 
becomes  enfeebled, 
supply  it  with  blood. 


sary.  (1)  Healthy  Blood  and  its  Proper  Distribution  . 

If  the  circulation  of  the  blood  is  stopped  in  a limb, 

part  of  the  body,  thatpart  of  the  body 

unless  a collateral  circulations  established  to 
= ...  If  the  blood  supply  is  quickly  cut  off  the  limb  or 

oi-gan  becomes  mortified  while  there  is  sufficient  sei'ous  exudation;  if  the 
supply  of  blood  is  cut  off  gradually  the  exudation  ceases  and  the  limb  be- 
comes dry  as  in  the  case  of  the  senile  gangrene  of  the  extremities  in  aged 
people.  In  order  to  prevent  these  pathological  conditions  the  proper 
nourishment  of  the  body  must  take  place,  because  only  in  this  way  can 
the  blood  be  kept  in  a normal  healthy  condition.  In  the  case  of  poisoned 
blood  the  system  makes  the  effort  to  free  itself  from  the  toxin.  In  the 
case  of  fevers  there  is  always  an  effort  on  the  part  of  the  excretory  s\ s- 
tem  to  free  the  blood  from'these  noxious  elements  through  the  skin  or 
the  urine.  This  is  found  at  critical  stages  in  disease  in  the  form  of  sweat- 
ing, diarrhoea,  bleeding  together  with  certain  urinary  deposits.  This  fact 
is  plainly  evident  in  what  are  called  the  changes  of  life  in  which  the 
change  of  a single  organ  affects  the  entire  bodily  system,  changingtheform 
of  the  body  and  giving  the  body  the  characteristic  features  which  mark 
off  the  adult  period  of  life  from  the  youth  period.  This  indicates  the 
attempt  of  the  body  to  correlate  all  its  parts  in  the  adult  condition. 
These  changes  are  sometimes  spoken  of  as  complemental  nutrition,  the 
nutrition  of  all  the  parts  of  the  body  being  complementary  to  each  other. 
So  marked  is  this  nutritive  influence  that  the  bodily  nutrition  may  be  en- 
tirely altered.  Thus,  under  the  influence  of  a vaccine  virus  or  certain 
eruptive  products,  as  in  smallpox,  the  character  of  certain  tissues  maybe 
so  altered  as  to  produce  immunity  from  the  toxic  influences  of  a certain 
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virus.  This  condition,  however,  is  limited  by  time,  because  the  organ  or 
tissue  so  altered  tends  to  return  gradually  to  its  original  condition  after  a 
time.  This  forms  a basis  for  the  necessity  of  revaccination  as  a means  of 
rendering  the  system  immune  against  the  action  of  virus.  This  same 
process  goes  on  in  the  bodily  system  as  a whole.  There  is  a constant 
molecular  change  according  to  which  the  atoms  of  the  body  are  being  re- 
newed and  destroyed  alternately  so  that  one  particle  after  another  is  re- 
moved to  be  replaced  by  new  particles.  The  form  is  never  changed  al- 
though there  is  a constant  chaos  of  particles,  one  particle  after  another 
being  removed  and  fresh  particles  taking  their  place.  In  this  way  the  tis- 
sues and  organs  of  the  body  are  constantly  changing  but  the  charge  is  a 
slow  and  gradual  one. 

2.  Healthy  Tissuk  and  Its  Proper  Nourishment. — This  means 
that  the  tissue  must  be  prevented  from  falling  into  a morbid  condition  and 
this  represents  the  border  line  between  Physiology  and  Pathology.  If 
certain  changes  are  introduced  into  the  nutritive  process  either  suspend- 
ing certain  necessary  changes  or  producing  new  changes  destructive  of 
the  tissue  then  an  unhealthy  condition  ensues.  Even  however  in  patho- 
logical conditions  there  is  a tendancy  to  return  to  the  normal  condition. 
This  forms  the  basis  of  the  Osteopathic  idea  that  nature  is  sufficient  to 
restore  the  healthful  condition  if  the  active  metabolism  of  the  body  is 
rendered  efficient,  the  body  itself  being  nature’s  storehouseof  energy  and 
restorative  capacity.  It  is  on  this  basis  that  Osteopathic  manipulation  in 
connection  with  the  circulation  of  the  blood,  and  especially  the  formation 
and  circulation  of  the  lymph,  becomes  most  important,  because  these 
perform  the  double  function  of  carrying  off  all  noxious  substances  and 
inducing  a healthy  growth  by  carrying  to  the  tissues  health  and  life-giv- 
ing materials. 

Healthy  Nervous  Activity. — W e have  already  seen  the  close  re- 
lation of  the  nervous  system  to  the  tissues  and  organs  of  the  body.  If  a 

motor  nerve  is  divided  the  muscle  supplied  by  it  will  degenerate.  If  a 

nerve  supplying  a blood  vessel  or  a mucous  membrane  be  divided  then  the 
result  is  the  degeneration  of  the  affected  part.  In  the  case  of  paralysis 
the  extremities  waste  unless  there  is  some  means  of  restoring  the  stim- 
ulation supplied  by  the  nervous  connection.  Thus  the  entire  bodily  sys- 
tem depends  upon  the  healthful  nervous  stimulation,  representing  the 
trophic  influence  of  the  nerves,  the  nerve  centers  and  the  general  nervous 
system.  Psychic  influences  are  most  important  from  this  standpoint. 
J he  mental  conditions  affect  almost  all  if  not  all  the  organs  of  the  body. 
} he  emotions  affect  body  nutrition,  for  example  joy  and  sorrow  have  an 
important  influence  upon  the  nutritive  processes.  Nutrition  is  promoted 
bv  an  easy  and  contented  disposition  and  retarded  bv  melancholic  or  anx- 
ious moods.  The  same  thing  is  true  of  diseases  and  recovery  from  di- 
seased conditions,  the  mind  exercising  either  a depressing  or  an  elevating 
influence  upon  the  diseased  organ  or  the  abnormal  and  impaired  func- 
tion. 

Closely  connected  with  nutrition  and  the  nutritive  changes  is  growth. 

1 hisis  manifested  either  in  the  developmentof  certain  organs  orof  the  bod  v 
as  a whole.  If  the  organ  is  unduly  increased  in  size  it  is  said  to  be  hyper- 
trophied; if  the  growth  is  suspended  and  the  part  is  wasted  from  lack  of 
nuti  ition  it  is  said  to  be  atrophied.  In  the  case  of  the  entire  bodily  svs- 
tem  it  the  anabolism  exceeds  the  katabolism  we  have  the  condition  repre- 
sented by  growing  youth,  whereas  in  the  reverse  case  we  have  the  senile 
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stage.  In  the  case  of  normal  growth  we  may  find  either  the  development 
of  existing  but  hitherto  undeveloped  tissues  or  organs  or  the  continuous 
increase  of  tissues  or  organs  in  active  development.  These  two  condi- 
tions represent  the  continuous  development  of  the  bodily  organs  and  tis- 
suesaswellasthedevelopmentof  specialorganslike  the  organs  of  reproduc- 
tion. All  the  influences  we  have  already  mentioned  assist  in  this  develop- 
ment. Functional  activity  in  the  caseof  muscles  causes  them  togrow  larger 
and  stronger,  the  libers  increasing  in  size  and  new  fibers  being  developed. 
Exercise  also  causes  muscular  growth.  Some  musclesaredeveloped  with- 
out exercise,  as  the  respiratory  muscles  in  foetal  life,  the  germinal  muscle 
energy  under  the  influence  of  the  nerves  producing  the  development.  The 
fact  that  an  increased  blood  flow  is  determinedTo  the  muscle  does  not  nec- 
essarilv  produce  such  development,  for  it  requires  the  muscle  contract- 
ion to  stimulate  the  bioplasm  to  take  up  the  nutritive  matter.  This  devel- 
opment however  reaches  a limit  beyond  which  increased  growth  is  impos- 
sible. Sometimes  the  development  is  very  rapid  as  in  the  case  of  the 
uterine  walls  during  gestation,  representing  an  enlargement  from  25  to 
50  times  the  original  size  before  pregnancy-  When  muscle  is  divided  and 
the  endsare  brought  together  the  junction  takes  place  by  nuclei  proliferation 
andthedevelopmentofnewcells.  Ifthedividedpartsarenot  brought  togeth- 
er the  healing  process  will  take  place  by  the  developrn  ent  of  connective 
tissue.  From  what  has  been  said  the  growth  and  developmentof  thetissue 
is  promoted  ,(1)  by  active  exercise  within  certain  limits  which  mark  the 
possible  enlargement  of  the  tissues;  (2)  by  an  increased  flow  of  blood  bear- 
ing nutrition  to  the  tissues.  This  requires  to  be  accompanied  by  muscu- 
lar contraction  to  promote  the  metabolism  of  the  tissues  in  order  that  all 
the  nutritive  elements  may  be  utilized.  (3)  These  other  conditions  are 
only  possible  in  connection  with  a vigorous  and  intact  nerve  connection 
the  muscular  contraction  and  the  blood  supply  being  determined  by 
the  nerve  connection.  These  represent  the  conditions  of  growth  in  the 
nutritive  process. 

SECTIOAT  II.  The  Income  and  Expenditure  of  The  Body. 


The  food  used  in  the  process  of  nutrition  consists  of  combi- 
nations of  simple  chemical  elements  which  are  altered  in  the  various  nu- 
tritive processes  in  order  to  be  assimilated  to  the  tissues.  It  is  necessary 
to  understand  body  composition  so  far  as  the  tissues  are  concerned  in 
their  relative  proportions  and  also  the  approximate  elements  in  the  body. 
Taking  a normal  adult  the  percentage  proportion  of  tissue  is  approxi- 
mately, muscles  41.8  per  cent,  fat  18.2,  skeleton  15.9,  abdominal  viscera 
7.2,  skin  6.9,  brain  1.9,  thoracic  viscera  1.7,  other  organs  and  tissues 
6.4.  The  skeletal  muscles  according  to  this  represent  almost  one  halt  of 
the  body  weight.  In  these  muscles  about  one  fourth  of  the  blood  ot 
the  body  is  contained  and  the  metabolism  of  the  body  is  carried  on  to  a 
large  extent  in  them.  The  liver  represents  the  organ  next  in  impor- 
tance from  a metabolic  standpoint  as  it  contains  almost  one  fourth  ol  the 
blood  supply  and  represents  a 1argp  parLof  the  metabolism  ol  the  body. 

In  regard  to  the  substances  composing  the  body  structure  the  following 

is^an  aj) proximate  estimate.  In  the  case  ol  an  adult  of  148  lbs  we  lind 

O 64.43  per  cent,  H 9786,  C 21.35,  N 3.10,  Ca  1.89,  P .94,  S.16,  Cl. 08,  Na.08, 
Fe  .013,  K .23,  Mg  .026,  F .013.  All  of  these  arise  from  the  food  except  O 
which  is  derived  from  respiration.  The  prominent  elements  in  loree 
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production  and  tissue  building-  are  the  C,  H,  ()  and  N,  thelast  being-  chief- 
ly'associated  with  tisssue  formation.  In  tissue  formation  also  we  find  Cl, 
S,  P,  Fe,  Na,  K,  Ca,  and  Mg.  These  are  found  in  different  combinations 
In  the  body  tissues  and  Require  to  be  provided  in  the  food.  To  determine 
the  proper  supply  for  the  “body  in  normal  conditions  it  is  necessary  to  de- 
termine the  nutritive  value  of  the  food  elements  in  the  production  of  en- 
ergy and  in  tissue  building.  Parkes  has  given  the  following  statistical 
rules  to  estimate  the  chemical  elements  in  the  different  food  materials, 
(.1)  To  get  the  N in  proteid  divide  the  amount  of  food  by  6.3.  (2)  To  get 

the  C in  fat  multiply  by  .76.  (3)  To  g-et  the  C in  carbohydrates  multiply 

by  .444.  (4)  To  get  the  C in  proteid  multiply  by  .535.  On  this  basic 

table  it  is  easy  to  estimate  the  different  substances  found  in  the  food. 

The  excretions  represent  the  output  and  by  estimating  the  distribu- 
tiQSlpf  the  waste  elements  the  character  of  the  transformation  taking- 
place  can  be  reckoned  both  in  the  food  and  in  the  body  itself  under  the 
influence  of  the  food.  The  income  must  not  be  taken  from  the  food  taken 
into  the  system.  The  faeces  must  be  deducted  as  they  represent  largely 
undigested  food,  the  amount  of  waste  discharged  from  the  blood  through 
the  faeces  being  very  small.  The,  income  of  the  body  will  consist  of  the  vari- 
oys  substances  found  in  the  food  less  the  faecal  discharge.  In  the  expen- 
diture of  the  body  we  reckon,  (1)  The  urine  excretion  representing  the 
N a yd  also  a large  proportion  of  water  and  salts;  (2)  Skin  excretion  in  con- 
ceetjon  with  the  sweat  which  contains  water  and  salts,  the  other  substan- 
ces being  so  small  that  they  are  neglected;  (3)  The  products  of  respira- 
-Tion_consisting  of  ,C02  and  H20,  together  with  some  Hand  carburretted  H 
from  the  alimentary  canal.  In  estimating  the  expenditure  care  must  be 
taken  to  estimate  the  N in  the  urine,  neglecting  any  supposed  N loss  by 
the  skin  or  through  the  lungs.  In  connection  with  the  estimation  of  in- 
come and  expenditure  the  N,  C and  O represent  the  three  elements  of 
greatest  importance,  the  other  elements  such  as  water,  salts,  etc.  beingof 
importance  more  as  a medium  of  other  actions  than  themselves  valuable 
iji  providing,  energy.  The  experiments  require  great  care  and  precision 
as  the  estimate  of  the  C02  and  the  sweat  is  a difficult  process.  The  meth- 
ods of  Pettenkofer  and  Voit  represent  the  most  accurate  scientific  means 
used  in  these  experiments.  They  use  a respiration  chamber,  admitting 
and  extracting  the  air  by  a gasometer  so  that  measurements  can  be  made 
in  connection  with  the  C02  and  H20  eliminated  as  well  as  the  O taken  in. 
Having  used  these  methods  the  results  enable  us  inferentiallv  to  arrive  at 
the  changes  taking  place  in  connection  with  the  food  and  the  body  sys- 
tem. 

We  do  not  know  whether  the  matter  which  constitutes  bioplasm  diff- 
ers in  its  constitution  from  what  we  find  after  death.  This  cannot  be 
determined  because  we  cannot  find  out  what  it  is  during  life,  to  sub- 
ject it  to  investigatiominvolving  death.  We  can  only  determine  its  nature 
and  molecular  constitution  and  the  changes  through  which  it  passes  by 
considering  the  constituents  which  maintain  its  life  and  the  products  of  its 
nutritive  action.  In  order  to  ascertain  the  value  of  the  materials  by  which 
the  body  is  nourished  the  chief  point  is  to  find  out  what  amount  of  N and 
L a!  e found  in  them.  Proteids  are  found  to  contain  about  15  per  cent  of 
of  N and  50  per  cent  of  C,  6 per  cent  of  H and  23  per  cent  of  O and  S.  In 
carbohydrates  there  is  about  40  to  45  per  cent  of  C and  in  animal  fat  76 
per  cent  of  C.  The  purpose  ol  nutrition  is  to  maintain  the  normal  pro- 
portions of  these. 
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1 he  various  processes  of  digestion,  secretion  and  i „a 

been  discussed  and  thefunctionswhich  are  concerned  in  these,  we  con 
consider  the  statistics  of  body  income  and  output.  The  ingesta  inc 


excretion  having 
nne  to 
ngesta  include. 


weight  is  increased  then  the  ingesta  must  exceed  the  excreta.  There  is 
a continual  excretion  from  the  lungs  of  C02  and  H,0;  from  the  kidneys  of 
urea,  uric  acid,  water  and  salts;  through  the  skin  of  C02,  H20  and  fatty 
matters.  There  is  also  a daily  loss  in  connection  with  the  hair,  the  skin, 
the  secretions  of  the  stomach,  intestines,  the  salival  and  lachrymal  se- 
cretions, etc.  The  body  is  continually  gaining  O,  water,  albumin,  carbo- 
hydrates, fatty  substances,  salts  etc.  The  proximate  principles  of  the 
bpdy  as  we  have  seen  consist  chiefly  of  water,  albumin,  carbohydrates, 
salts  and  gases.  The  carbohydrates  form  only  a very  small  percentage 
of  the  body  weight,  about  one  per  cent,  so  small  that  they  may  be  omitted 
from  the  estimates  of  the  income  and  expenditure  of  the  body.  Volk- 
niann  estimates  that  in  every  100  parts  of  the  humuan  body  we  find  04 
parts  of  water,  16  of  albumin  and  gelatin,  14  of  fat,  5 of  salts  and  one  of 
carbohydrates.  In  analyzing  the  body  he  found  65.9  per  cent  of  water, 
4.4  of  organic  salts,  18.4  of  C,  2.7  of  H,  2.6  of  N and  6 of  O.  The  muscles 
°t  the  body  contain  75  per  cent  of  water  and  about  22  of  albumin  and  the 
musclcT  constitutes  about  43  per  cent  of  the  bodv  weight,  th?  voluntary 
muscles  about  42  per  cent,  adipose  tissue  18  per  cent,  sic eTeton  15.9  and  the 
rest  of  the  body  24.1  per  cent.  From  this  it  is  evident  that  50  per  cent 
of  the  water  and  albumin  of  the  body  is  found  in  the  muscles. 

Applying  these  methods  we  will  now  examine  into  the  exchanges 
that  take  place  in  connection  with  the  chief  food  elements.  (1)  Water. — 
This  is  present  in  all  the  tissuescforming  about  two  thirds  of  the  bodv 
weight.  Thie  amount  of  water  is  estimated  by  deducting  from  the  amount 
of  water  taken  in  as  food  or  drink  the  amount  of  water  excreted  bv  the 
intestines,  the  lungs,  the  skin  and  the  kidneys.  That  the  water  has  an 
important  effect  upon  nutrition  is  evident  from  the  fact  that  if  an  increased 
supply  of  water  is  taken  there  is  a urea  increase  that  cannot  be  accounted 
for  simply  by  the  fact  that  the  water  washes  it  out.  (2)  Albuminous 
Matter.- — The  nitrogenous  matter  excreted  as  urea,  uric  acid  etc.,  must 
be  estimated  and  from  this  an  estimate  is  formed  of  the  amount  of  such 
nitrogenous  substances  which  undergoes  change  in  the  metabolic  process- 
es. The  N of  the  body  is  found  chiefly  in  the  muscles,  glands  and  ner- 
vous system  and  In  the  connective  tissues.  The  proteids  contain  about 
15  percent  of  N,  20  of  O and  7 of  H.  The  amount  of  nitrogen  used  up  in 
the  alimentary  canal  may  be  estimated  by  subtracting  from  the  amount  - 
taken  as  food  the  amount  in  the  faecal  discharge.  Inalbumin  itis  estimat- 
ed there  is  about  16  per  cent  of  N;  therefore  one  part  of  N will  be  equal  to  6 
and  one-fourth  of  albumin.  According  to  Voit  one  gram  of  N represents 
30  grams  of  flesh  substance.  As  we  saw  the  result  of  feeding  almost  en- 
tirely upon  nitrogenous  food  is  to  increase  the  N body  metabolism  as  well 
as  the  non-nitrogenous.  Where  the  nitrogenous  food  is  large  the  proteid 
is  split  up  into  a urea  producing  element  and  a fat  producing  element,  the 
former  being  eliminated  at  once  and  the  latter  stored  in  the  body.  This 
a for  the  largely  increased  urea  excretion  when  proteid  is  taken. 
When  a large  proportion~of  prdfeid  is  taken  asTood  there  results~a  Iartre~ 
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ly  increased  body  metabolism,  resulting-  in  throwing;  off  waste  as  urea  and 
also  Tending-  to  preserve  the  normal  proteid  metabolism  of  the  body.  This 
would  correspond  with  the  distinction  referred  to  before  between  circulat- 
ing and  tissue  proteid.  It  is  claimed  that  the  circulating  proteid  contri- 
butes to  the  heat  production  while  the  tissue  proteid  contributes  to  the 
tissue  formation.  The  albuminoid,  gelatin,  cannot  be  substituted  for 
proteid  but  when  present  in  the  food  it  seems  possible  to  establish  the  N 
equilibrium  on  a lower  scale,  the  gelatin  evidently  protecting  the  proteid 
of  the  body  from  the  metabolic  process.  According  to  this  gelatin  be- 
comes divided  into  a urea  element  and  a fat  element, like  the  proteid,  being- 
able  to  prevent  the  immediate  destruction  of  the  proteid. 

(3)  Fats. — In  the  case  of  fats  if  we  subtract  the  volume  of  C from  the 
albumin  passed  through  the  metabolic  changes,  the  albumin  containing 
53.5  per  cent  of  C,  from  the  amount  of  C excreted  by  the  intestines,  lungs 
skin  and  kidneys,  the  balance  will  represent  the  C that  has  passed  through 
metabolism.  In  the  fatty  substances  there  is  about  76.5  per  cent  of  C,  the 
C of  the  body  being  contained  chiefly  in  the  fat  which  represents  a large, 
part  of  the  water-free  substance  of  the  body.  In  fat  we  find  about  12  per 
cent  of  H and  12  per  cent  of  O.  Fats  and  carbohydrates  alone  cannot 
sustain  life  for  any  length  of  time.  Hence  their  nutritive  function  is  ac- 
ceesory  to  the  proteid.  If  a normal  quantity  of  proteid  is  taken  along 
with  a small  quantity  of  fat  all  the  C is  found  in'the  excreta  and  there  is 
no  fat  storage.  Bjy  increasing  the  fat  there  is  a point  reached  in  which 
fat  begins  to  be  stored.  Similarly  if  the  carbohydrate  is  small  there  is  no 
fat  storage,  but  as  it  becomes  increased  regularly  there  is  a storage  of  C 
as  fat  and  glycogen.  The  fats  and  carbohydrates  therefore  differ  from 
the  proteid  in  that  they  do  not  stimulate  nutrition  to  the  same  extent.  In 
experiments  in  connection  with  a pig  it  was  found  that  for  every  100 
grams  of  fat  taken  in  the  food,  not  as  fat,  470  grams  of  fat  were  added  to 
the  body;  while  for  every  100  grams  of  actual  fat  and  carbohydrate  sub- 
stances only  20  grams  were  added  to  the  body.  As  we  have  said  the  use 
of  fat  and  carbohydrate  lessens  the  necessity  for  proteid  food,  for  exam- 
ple in  one  case  of  giving  800  grams  of  proteid  and  160  of  fat  the  N excre- 
tion was  the  same  as  in  the  case  of  another  dog  fed  1,800  grams  of  proteid 
alone.  In  the  case  of  a fixed  amount  of  fat  and  carbohydrate,  by  in- 
creasing the  amount  of  proteid  there  is  an  increased  C consumption,  so 
that  the  proteid  increases  the  non-proteid  as  well  as  the  proteid  metabol- 
ism. For  this  reason  a large  excess  of  proteid  in  the  food  instead  of  be- 
ing nutritive  is  destructive  of  the  fat  already  stored  in  the  body.  As  to 
thv  difference  between  fats  and  carbohydrates,  the  carbohydrates  require 
only  enough  O to  unite  with  C7sullTcient  O being  in  the  carbohydrate  to 
unite  with  H in  forming  water;  whereas  the  fats  require  more  ()',  in  other 
words  O to  combine  both  with  C and  H.  In  fierbivora,  therefore,  we  find 
a larger  amount  of  ()  is  consumed,  resulting  in  a large  CCB  excretion; 
whereas  in  carnivora  a larger  amount  of  the  (3  unites  with  II  to  form  ILO. 

his  furnishes  what  is  called  the  respiratory  quotient,  the  C ().-  excreted 
divided  by  the  O consumed  representing  in  carnivora  about  .6  and  in  licrbi- 
vora  about  .9. 


(4)  SAi.TS.--By  making  an  estimate  of  the  salts  in  the  food  and  sub- 
tracting  from  it  the  salts  excreted  in  the  urine  and  faeces  we  get  the 
amount  which  passes  through  metabolism  in  the  body.  All  food  contains 
both  organic  and  inorganic  salts,  essential  for  the  body  although  not 
energy  producers,  chiefly  associated  with  the  metabolic  functions°of  the 
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body.  This  is  evident  from  their  distribution  in  the  body,  sodium  and 
chloride  being-  found  in  the  blood  serum,  potassium  and  phos- 
phates in  the  red  corpuscles.  Phosphorus  is  also  necessary  espec- 
ially in  the  lecithin  and  fats  in  connection  with  the  nervous  system  and 
with  the  nuclein  and  proteid  or  muscle  tissue.  Sulphur  is  a necessary  ele- 
mentot  pi'oteids  being  possibly  excreted  in  keratin  in  connection  with  the  skin 
and  the  hairs.  It  is  possibly  associated  with  the  nutrition  of  these  corny 
tissues.  The  absence  of  these  salts  seriously  affects  nutrition,  the  metabo- 
lism ol  the  central  nervous  systen  being-  seriously  impaired  resulting-  in 
weakness,  paralysis  and  often  spasms.  All  that'is  known  is  that  certain 
proteids  depend  upon  the  presence  of  salts  for  their  metabolic  reactions, 
this  being  true  both  of  the  inorganic  and  organic  salts.  If  we  take  an 
animal  during  partial  starvation  in  which  only  one  or  two  substances  are 
given  as  food  the  expenditure  will  be  easy  to  determine,  for  example, 
where  water  only  is  given,  with  of  course  a supply  of  O.  In  the  case  of  a 
man  who  abstained  from  food  for  days  at  a time  the  loss  per  day  was 
found  to  be  890  grams  of  water,  78  of  albumin,  215  of  fat.  It  is  found  that 
during  starvation  the  amount  of  N decreases  until  it  reaches  a steadv 
limit,  the  loss  of  N being  in  direct  ratio  to  the  loss  in  the  body.  The  loss 
of  CCb  is  diminished  at  first  below  the  ratio  of  the  O absorbed,  until  it 
reaches  a limit  which  remains  constant  untill  death  results.  It  is  estimat- 
ed that  when  an  animal  is  starving  the  loss  may  be  represented  as  follows; 
supposing  the  total  loss  to  represent  100,  there  will  be  a loss  of  66=3  parts 
of  water,  25  parts  of  fat  and  8 Vi  parts  of  albumin.  If  water  is  furnished 
equal  to  the  loss  of  water  then  the  loss  in  the  other  substances  will  be  re- 
duced between  60  and  70  per-cent,  indicating  that  life  can  be  sustained 
longer  upon  water  alone  than  any  of  the  other  proximate  principles.  Tn 
the  case  of  food  given  to  supply  the  loss  it  is  found  that  if  albuminous 
materials  are  given  equal  to  the  loss  of  albumin,  the  loss  of  albumin  is  not 
arrested  for  the  N in  the  urine  increases  and  the  body  loss  still  continues. 
This  is  due  to  the  increased  metabolism  of  the  body  which  can  use  up  a 
larger  amount  of  albumin.  In  the  case  of  the  dog  it  is  estimated  that  from 
two  to  three  times  as  much  of  nitrogenous  matter  must  be  g-iven  as  food 
as  we  find  excreted.  Voit  has  estimated  that  to  restore  equilibrium  and 
to  prevent  body  loss  one-twentieth  of  the  body  weight  must  be  given  in 
the  form  of  flesh  food,  if  more  than  this  one-twentieth  is  given  then  the 
animal  begins  to  increase  in  weight  and  there  is  less  nitrogenous  waste  eli- 
minated. If  however  a flesh  diet  is  maintained  there  must  be  a daily  in- 
crease in  the  amount  of  flesh  given  as  food  until  it  reaches  a point  where 
the  animal  will  be  incapable  of  digesting  the  amount  of  flesh  that  must 
necessarily  be  taken  in  order  to  preserve  this  condition.  It  would  seem 
that  if  the  albumin  is  increased  the  loss  of  fat  is  diminished.  If  no  albu- 
min is  given  as  food  the  use  of  large  quantities  of  fat  does  not  diminish 
the  albuminous  metabolism  simply  diminishing  the  fat  loss.  Similarly 
the  use  of  large  proportions  of  carbohydrates  does  not  diminish  the  al- 
buminous metabolism  but  there  is  an  increase  in  the  excretion  of  water. 
If  both  albumins  and  fats  are  given  freely  as  food  the  albuminous  metabo- 
lism is  diminished.  Thus  a combination  of  fat  and  albumin  in  the  iqod 
tends  best  to  preserve  nitrogenous  equilibrium.  The  carbohydrates  like 
the  fats  used  as  food  tend  to  preserve  the  albumin.  For  this  reason  the 
carbohydrate  food  in  animal  feeding  preserves  the  albuminous  balance  at 
less  expenditure  than  bv  the  use  of  fats. 

Voit  and  Pettenkofer  estimate  the  incomeand  expenditure  in  the  case 
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of  a man  weighing-  about  154  lbs.  [1]  When  performing  active  work, 
when  the  metabolism  is  complete.  Income- — 137  grams  of  albumin,  117 
of  fat,  352  of  carbohydrates  and  2,266  of  water,  representing  19)4  grams 
of  N and  315)4  of  C.  Expenditure  in  urine,  faeces  and  by  the  lungs — 
19)4  grams  of  N,  336)4  of  C with  2,700  of  water.  [2]  In  the  case  of  a 
healthy  individual  not  actively  engaged  in  work.  Income- — 137  grams  of 
albumin,  117  of  fat,  352  of  carbohydrate,  2,016  of  water,  representing  19)4 
grams  of  N and  315)4  of  C.  Expenditure  in  urine,  faeces  and  through 
the  lungs,  19)4  grams  of  N,  275)4  of  C and  2,190  of  water.  In  the  first 
case  there  was  an  excretion  of  434  grams  more  of  water  and  20  grams 
more  of  C than  that  represented  in  the  income,  wh  ile  the  amount  of  N was 
not  increased.  Therefore,  in  order  to  prepare  a man  for  active  work  so 
as  to  compensate  for  the  loss  of  C more  fats  and  carbohydrates  must  be 
given  in  the  food.  In  the  case  of  the  person  not  actively  working-  but 
healthy  there  is  a loss  of  174  grams  of  .water,  but  40  grams  of  C are  stored 
up  in  the  body.  This  has  an  important  bearing  upon  dietetics  for  the  C 
producing  substances  in  the  food  may  be  lessened,  that  is,  the  fats  and 
carbohydrates,  in  the  case  of  a person  not  actively  engaged  in  work. 
B urdon-San d er son  tabulates  the  income  and  output  as  follows:  Income — 

proteid  100  grams,  fat  100  grams,  carbohydrates  250  grams,  representing 
N 15)4  grams  and  C 225  grams;  output — urine  14.4  of  N and  16.6  of  C, 
faeces  1.1  N and  10.84  of  C and  respiration  208  of  C,  representing  1 5 1 _• 
grams  of  N and  225  of  C.  The  temperature  has  also  an  important  beTir- 
ing  upon  the  body  metabolism  and  nutrition.  Tf  the  atmosphere  is  cold 
the  COi  excreted  is  increased  and  there  is  needed  in  the  food  more  fatty 
substances.  If  the  atmosphere  is  warm  less  C02  is  excreted  and  less 
fatt  substances  required  in  the  food.  The  nitrogenous  matters  are  not 
affected  to  any  great  extent  by  the  hot  or  cold  temperature. 

It  is  impossible  to  say  exactly  what  becomes  of  the  food  in  its  differ- 
ent elements.  The  ultimate  purpose  of  all  food  is  to  nourish  the  biop- 
lasm, all  the  food  taken  contributing  its  share  to  the  maintenance  and 
building  up  of  the  bioplasm.  In  addition  to  nourishing  the  body  tissues, 
the  food  elements  furnish  the  materials  for  chemical  manufacturing  pur- 
poses, such  as  production  of  fat,  glycogen  and  the  substances  of  the  vari- 
ous secretions,  these  being  utilized  in  the  production  of  energy  and  heat. 

JLfitfie  case  of  food  taken  an  analysis  may  be  made  of  its  division  into.  (1) 
fpod^  elements  that  are  never  brought  into  the  tissue  organism,  being-  dis- 
charged  as  iaeces;  2 certain  elements  which  as  quickly  as  they  are  ab- 
sorbed are  excreted,  including  saline  substances  taken  in  excess  of  the 
necessities;  (3)  materials  which  are  split  up  within  the  intestines  to  assist 
in  the  rapid  excretion,  excess  of  proteid;  (4)  materials  absorbed  in  con- 
nection with  the  blood  and  lymph  and  circulating  in  the  tissues;  [5]  sub- 
stances which  when  absorbed  become  part  of  the  bioplasm,  and  [6]  those 
materials  which  after  being  assimilated  to  the  bioplasm  are  stored  up  in 
the  reservoirs  of  the  body,  such  as  fats  in  connection  with  adipose  tissue. 

Income  and  Expenditure  of  ()  and  H. — 'The  O taken  in  respiration 
'u*? .'n f?0(^  *s  ^‘ven  as  C02  from  the  lungs,  to  a slight  extent  as 
. - through  the  lungs,  kidneys  and  skin  and  as  urea  in  the  urine  and 
faecCs.  The  H taken  in  along  with  the  food  is  eliminated  largely  as  H20 
and  to  a slight  extent  as  urea.  The  II  and  ()  taken  in  water  are  excreted 
as  water  without  being  changed  There  is,  however,  a process  of  water 

<?h  in  the. tissues  in  connection  with  H oxidation.  It  is 
well  known  that  the  burning  of  H produces  water.  All  the  O taken  in  does 
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not  disappear  as  C02,  the  remainder  of  the  ()  being-  used  in  the  H oxida- 
tion. In  the  carbohydrates  there  is  sufficient  O to  unite  with  H in  the 
formation  of  water.  In  the  fats  there  is  the  H that  is  oxidized  bv  the  O 
wuth  a deficit  of  O.  It  is  estimated  that  in  100  grams  of  fat  there  is  a deficit 
cxf  O for  oxidation  of  80  grams  which  must  be  taken  in  in  other  ways. 
1 here  is  also  an  O deficit  in  proteids.  In  100  grams  of  dry  proteid  there 
are  lo  grams  of  N,  seven  of  H and  21  of  O,  requiring-  28  grams  more  O for 
oxidation,  therefore  representing-  a deficit  of  28  grams  of  O for  100  of  pro- 
teid. Taking  140  grams  of  proteid  as  the  normal  daily  diet  of  a man  along 
with  fats  and  carbohydrates  this  would  represent  in  proteids  an  O deficit 
of  39  grams.  This,  together  with  80  grams  required  for  the  fat  oxida- 
tion of  100  grams  of  fat  would  represent  120  grams  of  O as  a deficit;  and 
since  the  carbohydrate  has  no  deficit  this  would  represent  a total  O defi- 
cit of  about  120  grams.  In  the  formation  of  water  about  one  gram  of  H is 
equivalent  to  about  9 grams  of  H20.  In  140  grams  of  proteid  and  100  of 
fat  there  are  about  22  grams  of  H and  in  350  grams  of  carbohvdrate  about 
21  grams  of  H.  This  would  make  in  all  43  grams  of  H which  becomes 
oxidized  in  the  body  daily  in  a normal  diet  in  connection  with  the  forma- 
tion of  water  representing  about  387  grams  of  water.  : This  wonld  repre- 
sent only  about  14  per  cent  of  the  water  excreted  from  the  body.  What 
accounts  for  the  balance  of  the  water,  86  per  cent?  Kven  in  the  case  of 
the  deprival  of  food  and  water  it  is  found  that  the  tissues  contain  more 
water  than  in  normal  conditions.  In  other  words  there  must  be  a water 
production  within  the  system.  If  th^statement  of  Solis-Cohen  is  ytrue 
“that  the  cells  of  the  body  are  aquatic  in  their  habits”  a large  quantity  of 

Girder  to  satisf  y these  conditions.  Th ese  condition s 

body  sysfem 


water  is  necessary  in  order  to  satisfy . 

can  be  satisfied  only  b~y~t.be  production- of  water  within  the  . . 

on  a very  extensive  scale,  involving  as  it  does  the  synthesis  of  O and  Td 


J — ^ T O luv.  aj  Iiwiivoio  V'  aim  xx 

Nature’s  ability  to  combine  O and  H forms  the  basis  of  this  water  forma- 
tion, the  lungs  representing  a large  water  generator  as  well  as  a gas  gen- 
erator for  the  body.  That  this  is  true  is  proved  bv  the  experience  of 
animals  that  never  drink  any  water. 


SECTION  III.  General  Nutrition  and  the  Nervous 


System. 

We  have  seen  that  the  tissues  of  the  body  are  nourished  in  connec- 
tion with  the  materials  found  in  the  blood  and  lymph,  these  fluids  carry- 
ing off  the  products  of  metabolic  process.  The  blood  receives  its  nutrient 
matters  from  the  alimentary  canal  and  the  lungs,  the  waste  matters  be- 
ing excreted  by  the  excretory  organs.  In  passing  through  these  process- 
es the  food  and  the  w'aste  matters  pass  through  several  intermediate 
changes.  The  changes  of  a metabolic  character  take  place  partly  if  not 
altogether  in  the  tissues  and  not  in  the  blood  as  it  flows  from  the  heart  to 
the  tissues.  There  are  definite  blood  changes  taking  place  in  connection 
with  the  blood  and  its  constituents,  the  corpuscles  and  the  plasma;  but 
these  are  independent  of  the  metabolic  changes  taking  place  in  connec- 
tion with  the  food  elements.  Taking  the  nutrition  of  muscle  as  a repre- 
senative  of  the  nutrition  of  the  other  tissues,  we  have  found  that  muscles 
live  upon  proteid,  fat  and  carbohydrate  together  with  water,  saline  sub- 
stances ami  the  O introduced  in  inspiration,  As  we  have  seen  the  pro- 
teid is  taken  up  by  the  muscle  in  serum-albumin  farm,  the  sugar  in  dex- 
trose form  and  the  fats  probably  also  in  dextrose  form  as  we  have  seen 
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that  the  body  has  the  capacity  of  transforming-  fats  to  carbohydrates  the 
C being-  brought  to  the  tissues  in  dextrose  form.  In  addition  to  the  albu- 
min and  dextrose  there  are  salts  which  are  necessary  to  muscle  energy 
in  order  to  secure  favorable  conditions  for  metabolism.  When  these  sub- 
stances are  metabolized  in  connection  with  the  tissue,  the  end  products  are 
discharged  into  the  lymph  and  through  the  lymph  carried  to  the 
blood. 

Here  arises  the  question  of  nutrition  proper,  what  relation  do  these 
processes  bear  to  the  tissue  structure?  It  can  hardly  be  supposed  that 
at  one  and  the  same  time  all  the  tissue  substance  is  undergoing-  change; 
nor  can  we  suppose  that  the  changes  taking-  place  in  the  muscle  fibers  are 
the  same  as  those  taking  place  in  the  inter-fibrillar  substance.  If  this  is 
correct  there  must  be  two  phases  of  the  nutritive  process  in  connection 
with  the  musde4_jiajmLely  [1]  those  taking  place  in  connection  with  the  di- 
red-jstructural  material.  [2]  these  in  connection  with  the  intersticial 
subslaaee.  The  histological  structure  gives  a foundation  for  tins  theory, 
because  there  is  an  essential  difference  between  the  framework  and  the 
substance  filling  in  the  framework.  The  framework  of  the  tissue  repre- 
sents perhaps  the  most  definitely  formed  part  of  the  tissue,  and  yet  it 
does  not  represent  to  the  same  degree  the  energy  producing  function; 
whereas  the  intersticial  substance  connected  with  the  framework  sub- 
stance represents  more  of  the  matter  subjected  to  metabolic  action  in  con- 
nection with  the  liberation  of  energy.  Both  elements  of  the  tissue  pass 
through  metabolic  processes  and  contribute  their  share  to  the  susten- 
ance of  life  but  the  intersticial- substance  really  in  a more  direct  way  than 
the  frame  work  substance.  The  proteid  metabolism  represents  the  main- 
stay of  the  nutritive  process  as  is  evident  from  the  fact  that  the  N excre- 
tion represents  the  end  product  of  the  metabolism.  In  the  case  of  veg- 
etable nutrition  the  mass  of  material  is  starchy  or  carbohydrate,  although 
this  very  soon  becomes  changed  to  a delicate" proteid  fiber,  the  metabolic 
products  being  intersperced  between  the  fibers.  These  minute  fibers  are 
at  the  basis  of  all  the  metabolic  changes,  the  nitrogenous  products  being- 
stored  up  within  the  plant.  On  this  analogy  in  the  human  tissue  the 
nutritive  changes  will  be  found  to  take  place  largely  under  the  direction 
of  the  framework  substance,  while  the  most  of  the" changes  take  place  in 
connection  with  the  intercalated  substances,  both  of  these  processes  rep- 
resenting general  nutrition.  In  the  case  of  the  fibrous  tissue  the  changcsare 
much  slower  and  less  extensive,  the  intersticial  substance  representing 
the  continuous  changes  taking  place  in  the  substance  preparatory  to 
the  fiber  changes.  In  connection  with  these  metabolic  and  nutritive'pro- 
cesses  the  central  nervous  system  exercises  the  controlling  influence. 
The  nervous  control  is  manifest  in  muscle  contraction,  in  secreting  gland 
activity.  In  the  case  of  muscle  contraction  there  is  a dissolution  ofjmore 
complex  bodies  into  simple  substances,  but  this  does  not  exhaust  the  ner- 
vous action,  for  It  bears  equally  upon  the  upbuilding  process.  If  a nerve 
that  goes  to  a muscle  is  stimulated  the  contraction  is  subject  to  the  con- 
trol of  the  nervous  mechanism  under  the  influence  of  the  stimulation  ap- 
1 his  indicates  the  fact  that  the  nervous  system  regulates 
the  metabolic  and  nutritive  processes,  even  aside  from  the  fact  of  contrac- 
tion and  relaxation.  If  the  nerve  connection  of  a muscle  and  the  central 
nervous  system  is  severed  there  is  muscle  degeneration  and  loss  of  vital- 
ity. As  we  saw  when  the  nerve  connection  to  the  sub-maxillarv  ‘Hand  is 
entirely  severed  there  is  a paralytic  secretion  emitted  from  the  gland 
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taking-  place  until  the  gland  degeneration  results.  If  in  a dog  the  fifth 
nerve  is  divided  inside  the  skull  there  is  a loss  of  sensation  in  the  part  of 
the  face  controlled  by  the  nerve  and  it  is  accompanied  by  nutritive 
changes  of  an  important  character.  There  is  noticed  first  of  all  a hazi- 
ness in  the  transparent  anterior  portion  of  the  eye-ball,  followed 
by  inflammatory  conditions  that  lead  to  the  entire  affection  of  the  eve;  these 
are  accompanied  by  inflammation  of  the  nasal  cavity  on  the  divided  side 
and  by  ulcerated  conditions  of  the  buccal  cavity  and  of  the  lips.  If  this 
takes  place  in  a young  dog  which  continues  to  live  it  is  found 
that  the  skull  becomes  unsymmetrical.  It  has  been  found  that  if  both 
the  pneumogastrics  are  divided  there  results  an  oedematous  condition  of 
the  lungs,  accompanied  by  fatty  enlargement  of  the  heart  finally  resulting 
in  death.  Where  the  fifth  nerve  is  divided  the  loss  of  sensation  deprives 
the  eye  of  protection  from  foreign  substances  and  it  is  said  bv  some  that 
if  the  eye  is  concealed  so  as  to  prevent  irritation  from  these  foreign  mat- 
ters the  inflammatory  condition  of  the  eye  may  be  prevented,  This 
has  been  denied  by  others  who  say  that  the  nutritional  changes  involved 
produce  the  inflamed  condition. 

In  the  case  of  lung  inflammation  resulting  from  a division  of  the  vagi, 
it  is  said  that  the  inflammation  arises  from  the  partial  paralytic  condition 
of  the  oesophagus  and  pharynx  resulting  in  a stoppage  of  food  and  its  be- 
ing driven  into  the  bronchial  tubes  producing  irritation.  In  support  of 
this  it  is  claimed  that  death  frequently  results  in  these  cases  from  starva- 
iton  because  on  account  of  oesophageal  paralysis  no  food  can  reach  the 
stomach.  It  is  more  likely,  however,  that  there  are  certain  nutritional 
changes  involved  in  connection  with  the  lung  tissues  by  reason  of  cutting 
off  the  pulmonary  branches  of  the  vagi.  Where  we  find  pathological  con- 
ditions of  the  spinal  cord  we  find  in  certain  cases  a quick  degeneration  of 
the  skeletal  muscles  producing  the  loss  of  muscle  contractility, 
the  degeneration  in  the  muscles  being  more  marked  than  in  the  cord  and 
in  the  nerves  supplying  the  muscles,  evidently  due  to  nutritional  changes. 
In  the  case  of  cerebral  appoplexy  we  find  an  acute  muscular  condition 
giving  rise  to  morbid  conditions  represented  by  peculiarly  delicate  sores. 
In  the  case  of  spinal  and  cerebral  injuries  we  often  find  acute  conditions 
of  the  bladder  due  to  the  lack  of  nutrition;  in  cases  where  the  nerves  are 
crushed  the  degeneration  of  the  muscles  and  the  loss  of  contractility  is 
more  rapid  than  in  cases  where  there  is  simply  division  of  the 
nerve  fibers;  skin  eruptions  are  found  associated  with  nervous  diseases 
and  in  certain  skin  diseases.  In  zona  associated  with  intercostal  neural- 
gia we  find  an  accompanying  eruption  both  the  eruption  and  neuralgia  in- 
dicating neuritis,  in  which  changes  have  been  found  in  the  nerves  and  in 
the  ganglia  of  the  posterior  roots  of  the  spinal  cord. 

In  acute  tonsilitis  we  sometimes  find  developed  erythema  with  paraly- 
tic symptoms  either  local  or  general.  If  one  of  the  forms  of  the  grain 
disease  or  grain  poisoning  called  Pellagra,  a disease  found  often  in  Italy 
and  in  the  .South  of  France  and  Spain,  arising  from  the  use  of  maize  that 
is  diseased  or  has  become  feremented,  associated  with  Erythema  is  weak- 
ness and  spinal  pains  together  with  stomach  conditions;  where  the  disease 
is  acute  the  nervous  symptoms  become  very  pronounced  resulting  in 
paralysis  and  mental  disturbance.  All  these  represent  interference  with 
nutrition  arising  in  connection  with  the  nervous  system.  It  cannot  be 
doubted  that  the  nervous  system  exercises  a trophic  influence  upon  the 
tissues.  The  trophic  changes  may  exist  alone  or  they  may  be  accompan- 
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ied  by  cerebral,  spinal  or  central  affections. — This  indicates  that  it  is  not 
necessary  that  there  exist  diseased  conditions  of  the  centers  or  ganglia 
but  that  diseased  conditions  of  the  peripheral  nerves  may  produce  snch 
nutritional  chang-es.  Secretory  abnormal  conditions  associated  with  the 
sweat  and  sebaceous  glands,  as  seborrhoea,  anidrosis  and  hvperidrosis, 
all  of  which  are  of  nervous  origin  in  connection  with  the  brain,  the  spinal 
cord  or  the  peripheral  nerves,  represent  similar  nutritional  chang-es.  In 
connection  with  these  as  examples  of  chang-ed  nutrition  may  be  cited  the 
peculiar  fing-ers  of  phthisic  patients,  the  symmetrical  g-angrene  condition 
of  the  fingers  and  toes,  in  the  last  case  the  fingers  seem  at  times  to  be 
dead  while  at  other  times  they  become  very  red  colored,  the  nutritional 
changes  at  first  only  temporary  becoming  permanent,  resulting  in  sores, 
loss  of  nails  undoubtedly  of  nervous  origin.  Of  the  same  nature  are  the 
changes  found  associated  with  the  loss  of  sight  in  which  there  is  found 
a close  connection  between  sensations  of  light  and  the  nutritional  changes 
in  the  skin.  That  this  is  due  to  nervous  action  is  evident  from  the  fact 
that  the  deprivation  of  light  materially  affects  metabolism,  indicating  the 
nervous  action  in  connection  with  the'light  sensations.  Even  if  we  take 
account  in  these  of  vaso-motor  action,  of  the  peculiar  forms  that  sensation 
may  assume  and  of  the  absence  of  the  necessary  changes  taking  place  in 
the  muscular  contraction,  we  have  still  left  conditions  which  cannot  be 
accounted  for  unless  on  the  basis  of  a nervous  action  in  connection  with 
the  muscles  quite  different  from  muscle  contraction,  under  the  influence 
ot  the  nervous  system.  This  leads  us  to  the  conclusion  that  the  nervous 
system  has  a very  close  connection  with  nutrition  and  the  nutritional 
changes  taking  place  in  connection  with  the  muscles,  glands,  blood-vessels 
and  in  fact  with  the  entire  body.  The  general  nutrition  in  other  words  of 
the  body  depends  upon  nervous  influence. 


SECTION  IV.  The  Nutrition  of  the  Brain. 

As  the  nervous  system  is  so  closely  connected  with  nutritional 
changes  it  is  important  to  discuss  the  nutrition  of  the  brain,  because 
there  must  be  proper  nutrition  of  the  ganglia  cells  and  the  peripheral 
nerve  system.  The  brain  is  composed  of  two  parts,  the  cortex  with  the 
medullary  substance  which  covers  over  the  brain  and  the  sub-cortex  in- 
cluding nerve  centers  and  tracts.  The  irradiation  that  is  so  essential  to 
brain  activity  as  the  center  of  the  nervous  life  is  based  upon  the jiccumu- 
lated  sub-cortical  regions  in  connection  with  the  brain,  ventricles  and  the 
medullary  tract.  I.q  connection  with  nutrition  the  arterial  circulation 
toi  nw  an  important  clement.  The  extent  of  the  cortex  makes  provision 
tor  a large  number  of  arterioles  all  of  which  are  about  equal  in  calibre, 
branch  mg  off  to  the  different  brain  areas.  Hence  the  extent  of  the  cortex 
and  the  number  of  arteries  reaching  down  into  the  cortex  from  the  pia 
mater  become  the  basis  of  changes  in  the  circulation  representing  possible 
ny  per  asm  ic  conditions  of  the  different  cortical  regions.  Thismakes.it 
possible  for  the  supply  of  nutrition  in  connection  with  the  blood  in  the 
coit'cal  centers  to  be  in  excess  of  the  nutrition  supplied  in  the  blood  in 
tne  other  cortical  regions,  resulting  in  the  activity  of  the  cortical  centers 
unue  the  other  cortical  regions  are  practically  resting.  This  is  based 
upon  the  localization  of  areas  in  the  brain  and  the  practical  in- 
dependence of  circulation  in  these  different  areas.  In  connection  with  the 
psychic  activity  of  the  brain  we  find  areas  that  are  separated  widely  from 
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one  another  functionally  very  active  at  one  and  the  same  time,  involving  a 
hyperiemic  condition  of  the  blood. 

Brain  nutrition  may  be  said  to  be  divided  into  two  phases,  that  during 
sleep  and  during-  wakefulness.  In  sleep  there  is  g-cneral  diminished 
actuity.  1 his  does  not  imply  that  to  be  awake  involves  increased  activity 
thi  oughout  all  the  brain  areas,  hechner  considers  that  wakefulness  rep- 
resents a more  or  less  partial  activity  involving-  more  or  less  partial  func- 
tional activity,  so  that  during  the  time  the  individual  is  not  asleep  the  dif- 
ferent parts  of  the  cortex  are  in  different  stages  of  activity,  some  of  them 
being  in  practical  I'est.  The  brain  activity  can  not  be  explained  by  divid- 
ing  up  the  brain  into  a number  of  parts  each  discharging  a part  of  the 
brain  function  and  all  the  parts  receiving  an  equal  blood  supply.  In  the 
case  of  the  other  body  organs  we  find  that,  for  example  in  the  liver  and 
the  lungs,  these  organs  receive  in  all  their  parts  an  equal  supply  of  blood 
when  normal.  With  the  brain,  however,  it  is  different  because  all  the 
parts  of  the  brain  are  never  acting  simultaneously,  and  hence  the  differ- 
ence in  function  forms  the  basis  for  the  difference  in  blood  supply  to  the 
different  parts  of  the  brain.  The  supply  of  blood  is  determined  bv  the 
functional  activity  of  the  areas,  in  this  case  Demand  Regulating  Supply. 
In  the  case  of  other  organs  of  the  body  this  is  not  true,  because  the  blood 
supply  in  these  organs  is  limited  only  by  the  capacity  of  the  organs  rep- 
resented in  the  membrane  propria  or  the  tissue  substance.  In 
the  case  of  the  brain  it  is  different.  The  skull  represents  an  immovable 
anatomical  structure  limiting  the  capacity  of  the  blood  circulation  in  the 
cerebral  vessels,  so  that  the  anatomical  structure  regulates  to  a large 
extent  the  circulation  of  the  brain  and  hence  the  nutrition  of  the  brain. 
The  skull  for  example  governs  the  blood  pressure  within  the  cranial  cavity. 
Inside  the  cranial  cavity  there  'is  a possibility  of  functional  increase 
depending  upon  one  of  two  things,  [1]  A removal  of  the  blood  from  the 
venous  circulation  towards  the  sinuses  so  as  to  give  free  arterial  action; 
or  [2]  The  establishment  of  some  collateral  arterial  circulation.  The 
first  condition  would  be  a slow  process  and  could  not  be  continuous  be- 
cause the  venous  flow  would  depend  upon  respiratory  activity;  whereas 
the  latter  would  represent  a condition  difficult  to  maintain  from  the  stand- 
point of  brain  anatomy. 

It  is  easy  of  explanation  if  we  recognize  that  the  brain  substance  does 
not  entirely  fill  up  the  cranial  cavity;  but  that  there  are  lymphatic  chan- 
nels as  well  as  lymph  reservoirs  in  the  skull.  On  this  basis  we  have  a 
foundation  for  a theory  which  accounts  for  the  partial  change  in  the  arter- 
ial blood  circulation  and  distribution  within  the  brain.  In  the  roof  of  the 
brain  we  find  distinct  grooves  representing  indentations  made  by  the 
brain  convolutions  in  development.  Why  do  we  not  find  these  same 
modifications  in  the  sphenoid  bone  at  the  base  of  the  brain?  This  is  evi- 
dently explained  by  the  fact  that  nature  has  provided  lymphatic  channels 
among  other  functions  which  they  discharge  to  form  a more  or 
less  yielding  base  upon  which  the  base  of  the  brain  may  rest,  without  im- 
posing its  weight  upon  a solid  bone  foundation.  Here  we  have  a part  of 
the  economy  of  nature  that  is  closely  connected  with  brain  nutrition,  pro- 
viding for  arterial  dilatation  within  the  brain  substance  of  the  cranium. 
The  necessity  of  this  is  easily  understood  when  we  consider  that 
the  brain  is  not  inactive  but  that  there  are  certain  rhythmic  movements 
of  the  brain  substance  within  the  brain  cavity  comparable  to  those  of  the 
spleen  and  liver  associated  with  their  nutritional  changes. 
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Buckhardt  demonstrated  the  existanceof  three  such  variations,  (1)  cor- 
responding with  the  SY^tn1‘"  -inf1  fibroin  (O)  corresponding  with 

the  inspiratory  and  expiratory  phases:.  (3~)  corresponding- with  the,  vasgnla  r 
variations  as  these  are  regulated  by  the  vaso-motor  center.  The  brain  move- 
ments and  the  blood  pressure  within  the  brain  are  dependent  upon  these 
three  forces.  At  the  same  time  normally  there  is  no  brain  compress- 
ion, because  of  the  activity  of  the  lymphatic  fluid  which  yields  to  the  cra- 
nial movements,  preventing  any  concussion.  In  connection  with  brain 
nutrition  there  are  two  things  that  require  to  be  considered,  (1)  the  vari- 
ations  in  blood  supply  to  the  brain  depending  upon  anatomical  and  physi- 
ological conditions;  and  (2)  The  brain  activity  represented  by  these  brain 
movements  as  regulating  the  blood  distribution  and  therefore  brain  nu- 
trition. Both  of  these  influences  are  essential  to  a perfect  brain  nutrition 
and  to  the  normal  brain  function. 

1.  fl  he  variation  in  the  brain  represented  by  certain  movements  is 
rendered  possible  without  an  abnormal  compression  on  account  of  two 
facts,  ( 1 ) jhe  exjstance  qjLllinTym-pha-tic  reservoirs  which  yield  to  the  brain 
movements;  and  (2)  the  existence  of  the  venous  spaces  contiguous  to  the 
si n u sTonglt u d i nalis,  .these  spaces  being-  separated  simply. by  delicate  mem- 
branous endothelium.  These  represent  spaces  lying  between  the  fila- 
ments of  the  dura  mater  tissue.  Pathological  conditions  of  these  spaces 
arc  found  in, connection  with  the  fo.veae  gjandulares  in  cardiac  and  senile 
conditions.  The  physiological  functions  of  these  cavernous  spaces  is  to 
fill  the  brain  cavity,  becoming  enlarged  inanaemic  and  contracting  in  hy- 
peraemic  brain  conditions. 

The  arterially  ire  ulatian_of_jth  e brain  may  be  divided  into  two  parts, 
(1)  branching  from  the  meningeal  and  [2]  branching  from  the  cerebral 
arteries.  The  branchcs  found  in  connection  with  the  sulci  arteriosi  of 
thu  flat  basilar  bones  are  the  nutritional  arteries  for  the  outer  mem- 
brane of  the  brain  or  of  the  portion  which  forms  the  nutritional  membrane 
of  the  cranial  bonqs.  r\  he  dural  membrane  arteries  are  divided  into  an 
external  and  internal  mesh-work,  the  former  throwing  the  blood  into  the 
capillaries  of  the  dural  membrane,  the  latter'  emptying  immediately  into 
the  large  veins  without  passing  the  blood  through  the  small  capillaries,  in 
this  way  preventing  a hyperaemic  condition  from  being  developed  in  the 
dm  a in  normal  conditions.  The  blood  of  the  arteries  and  veins  of  the 
pia  mater  has  a direct  communication  on  the  vascular  membrane  of  the 
brain,  in  this  way  permitting  the  arterial  blood  to  cross  the  cerebral  cor- 
tex in  large  volumes  and  so  preventing  a large  volume  of  blood  in  its  pass- 
age li  om  the^  arteries  to  the  veins  taking  place  beneath  the  surface 
membrane.  This  makes  provision  for  the. brain  nutrition  so  as  to  provide 
a direct  passage  for  the  blood  to  and  from  the  lvmph  vessels.  The  outcr 
lymph  space  is  represented  in  the  brain  cavity  by  a small  space  between 
the  dura  and  the  arachnoid,  communicating  directly  with  the  lymphatic 
glands  in  the  neck  and  also  with  the  lymph  spaces  of  the  peripheral  nerves, 
especially  those  of  the  optic  and  auditory  nerves.  The  sinus  venous 
spaces  and  the  lymph  spaces  in  the  dura  also  communicate  with  the  outer 
lymph  spaces.  In  the  arachnoid  membrane  which  surrounds  the  brain 
a[F  sT-1’<<it2s  the  subdural  lymph  space  there  is  a net  work  connection 
with  the  piamatei  which  admits  of  close  connections  between  all  the  sub- 
arachnoidal spaces.  On  the  cortical  surface  we  find  several  reservoirs 
all  o which  provide  accomodation  for  lymphatic  collection,  the  description 
ot  which  is  found  in  theanatomy  of  the  brain.  The  fore  brain  arteries 
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spi  in«  ti  om  the  carotid  and  vertebral  arteries  the  former  supplying-  with 
blood  the  anterior  and  middle  cerebral.  ' 

According-  to  Buckhardt  the  g-cneral  relations  between  the  blood  vessels 
and  the  membranes  of  the  brain  establish  the  basis  for  the  nutrition  of  the 
entire  brane.  IBs  theory  in  regard  to  the  pulse,  respiratory  and  vascular 
variations  simply  carries  out  the  circulatory  principles  as  applied  to  the 
rest  of  the  body,  the  pulse  wave  indicating  arterial  force,  the  respiratory 
wave  representing  venous  Idood "In  connection  with  aspiration  de- 
tei  mining  the  blood  to  the  heart  and  the- vase u la r wave  representing-  the 
vasp-motor^action  in  connection  with  the  dilatation  and  contraction  of  the 
arterioles.  In  connection  with  the  vaso-motor  action  there  are,  as  Riegel 
slates,  peristaltic  movements  of  the  arteries  giving  rise  to  rhythmic  con- 
t-Tax^tipixs,  these  being  possible  on  account  of  the  space  surrounding  the 
bfain  occupied  by  the  lymph  and  cerebro-spinal  fluid.  There  is  consider- 
able pressure  within  the  brain  as  is  proved  bv  the  fact  that  by  using  the 
pulsometer  in  connection  with  a protruding  part  of  the  brain  very  accur- 
ate and  definite  tracings  can  be  secured,  these  tracings  corresponding 
exactly  with  the  carotid  pulsations.  The  pressure  is  neutralized  to  a 
limited  extent  by  the  cerebro-spinal  fluid  in  the  cavernous  cavities.  In 
connection  with  respiration  we  find  the  depression  and  elevation  of  the 
pulse  wave  depending  upon  the  variation  in  the  venous  blood 
pressure.  In  connection  with  the  vaso-motor  action  the  vascular  wave  re- 
presents a hemispherical  dilatation  and  contraction  of  the  brain  mass. 
This  variation  occurs  most  regularly  during  sleep,  during  wakefulness 
the  variation  being  irregular.  These  variations  do  not  depend  upon  the 
pulse  or  the  respiratory  actions  for  they  produce  varations  in  the  pnlse 
and  respiratory  waves  of  the  brain.  For  this  reason  the  vascular  changes 
of  the  brain  represent  the  most  important  element  in  the  blood  circulation 
and  bi'ain  nutrition.  When  the  vascular  contraction  of  the  hr  gin  takes 
place . the  pulse  and  respiratory  actions  are  lessened  on  account  of 
arterial  contraction,  the  reverse  being  true  of  vascular  dilatation.  In  con- 
nection with  these  vascular  variations  of  the  brain  it  is  found  that  when 
stimulation  is  carried  to  the  brain  these  vascular  variations  are  interfered 
with,  psychic  influences  producing  dilatation,  while  pain  or  excessive  sen- 
sory stimulation  produces  a contraction  of  the  brain  mass. 

One  important  point  brought  out  by  Buckhardt  in  connection  with 
the  vascular  variations  was  that  they  were  peristaltic  in  character.  He 
pointed  out  the  importance  of  this  from  a nutritional  standpoint,  the  per- 
istalsis in  connection  with  the  brain  substance  as  it  is  brought  into  con- 
tact with  the  rigid  cranial  cavity  which  acts  as  a mechanical  motor  power 
in  driving  off  the  waste  products  through  the  lymphatic  circulation,  or- 
iginating arid  keeping  up  a lymph  flow  throughout  the  brain. 
The  arterial  contraction  originates  at  the  circle  of  Willis,  produces  a con- 
traction at  the  base  of  the  brain  raising  it  from  the  base  of  the  cranium 
andfd  riving  the  blood  forward  into  the  brain  substance  through  the  super- 
erior  arterial  ramifications.  This  contraction  starting  from  the  base  of 
the  brain  pushes  the  brain  upward  towards  the  roof  of  the  skull,  cutting 
off  the  advancing  cerebro-spinal  fluid;  at  the  same  time  part  of  the  ven- 
tricular fluid  is  driven  through  the  Magendie  foramen  into  the  sub-arach- 
rioidal  space,  the  ventricular  roof  being  compressed  by  the  dilatation  of 
the  upper  hemispheres  which  press  closely  against  the  cranium.  Follow- 
ing this  we  find  the  contraction  of  the  superior  cerebral  arteries  along  the 
skull  cavity.  Accompanying  this  is  the  dilatation  of  the  basal  part 
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of  the  brain,  the  ventricular  fluid  being-  driven  beyond  the  upper  cerebral 
pprtiom,  of  the.  brain  into  the  sinuses  and  the  Pacchionian  granulations 
under  the  duramater  and  finally  into  the  basilar  nerve  sheaths  and  the 
lymphatics  of  the  cervical  g-lands.  , While  the  contraction  exists  in  the 
hemisphere  the  ventricle  is  dilated,  this  dilatation  resulting-  in  secretion 
of  . the  ventricular  fluid  connected  with  nutrition.  In  this  way  it  seems 
plain  that  the  vascular  variations  of  the  brain  account  for  the  lymph 
circulation.  During-  sleep  these  variations  are  regular,  indicating  that 
the  refreshment  arising  in  connection  with  sleep  depends  upon  the  free 
circulation  of  the  lymph  carrying  nutriment  to  the  brain  and  carrying 
off  waste  products  from  the  brain.  During  wakefulness  the  variations  are 
irregular,  indicating  that  the  valuations  throughout  the  brain 
areas  are  not  uniform  but  that  the  contraction  and  dilatation  take  place  in 
different  areas  at  different  times,  just  as  we  know  to  be  the  case  with  the 
capillary  system  throughout  the  body  under  the  vaso-motor  control. 

The  nutrition  of  the  brain  then  depends  upon  definite  changes  in  the 
brain,  these  being  regulated  by  certain  movements  in  which  the  lymph 
and  blood  play  a most  important  part.  We  must  consider  the  chemic al 
composition  of  the  materials  of  the  brain  and  of  the  substances  in  the 
nutritive  processes.  It  is  difficult  to  get  correct  chemical  knowledge  of 
the  brain  itself  especially  in  the  distinction  between  the  gray  and  white 
matter  of  the  brain  substance.  The  fore  brain  consists  chiefly  of  the 
white  matter,  the  brain  trunk  being  chiefly  composed  of  the  gray  matter. 
Danilewski  found  that  the  gray  matter  varied  in  its  specific  gravity  from 
1029  to  1038,  the  white  matter  from  1039  to  1043,  estimating  that  in  the 
human  brain  there  is  from  27  to  39  per-cent  of  gray  matter  and  from  61  to 
63  per-cent  of  white  matter.  In  the  dog  he  found  the  gray  and  white  mat- 
ter, in  equal  proportions.  This  is  due  in  animals  not  to  the 
number  of  cells  but  rather  to  the  aTODTiift  of  connective  tissue  of  an  al- 
buminous nature  and  without  framework  form  found  in  the  brain.  In  re- 
gard to  the  matter  of  the  nerve  cells  found  in  the  brain  they  are  exactly 
similar  to  the  axis  cylinder  of  the  nerve,  responding  to  the  reaction  for 
albumin.  In  connection  with  the  nuclei  of  the  cells  is  found  nuclein 
a larger  proportion  of  it  being  found  in  the  gray  than  in  the  white  matter. 
Thus  we  have  albumin  and  nuclein  in  the  brain  substance  and  this  implies 
the  presence  of  phosphorus,  the  albuminates  and  phosphates  uniting  in 
connection  w-ith  the  formation  of  the  brain  connective  tissue.  A fresh 
brain  has  been  found  to  contain  .49  per  cent  in  the  gray  matter  and  .89 
per.  cent  in  the  white  matter,  the  entire  nervous  system  containing  12 
grams  of  phosphoric  acid  according  to  Voit,  Of  water  there  is  81  per- 
cent in  the  gray  matter  and  66  per-cent  in  the  white  matter.  Of  the  other 
substances  in  the  brain  large  quantities  of  inosit,  lactic  acid,  kreatin  with 
lesser  quantities  of  uric  acid,  xanthin,  urea,  leucin  are  found. 
The  reaction  of  the  brain  as  a whole  is  slightly  acid,  of  the  white  sub- 
stance  ne.utral,  the  brain  giving  an  acid  reaction  after  death  and  the  white 
matter  an  alkaline  reaction. 

The  cyanides  are  developed  in  connection  with  the  metabolism  of  the 
cells,  the  failure  to  throw-  off  these  resulting  in  epileptic  conditions.  One 
of  the  principal  substances  of  the  brain  is  protagon  containing  like  nuclein 
phosphorous  w-hich  is  really  a compound  substance  according  to  some  con- 
sisting of  lecithin,  cerebrin,  encephalin.  It  is  one  of  the  main  brain  con- 
stituents splitting  up  at  a temperature  below, 100 into  glycerine,  phosphoric 
acid,  fatty  acins  and  neurin.  Pratagon  is  an  important  element  accord- 
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ing-  to  most  recent  physiologists  in  the  brain  substance  because  it  isclose- 
ly  associated  with  the  property  of  conductivity  in  connection  with  the 

the mtdu^tedUfib^.  P'aCe  in  thC  non-melU"l!“«>  fibers  as  well  as  in 

JfUhe  casg  of  the  motor  nerves  when  divided  they  degenerate  towards 
the  cential  nervous  system  from  which  they  have  received  their  stimula- 
tion, the  sensory  nerves  degenerating  towards  the  periphery  from  which 
the  sensory  stimulate  started..  The  nutrition  of  the  nerve  fibers  is 
dependent  upon  the  non-medullated  tissue  in  connection  with  the  axis 
cylindei , receiving  both  central  and  peripheral  stimulation,  the  stimula- 
tion exciting  the  nutritive  changes.  The  axis  cylinder  has  a strong  in- 
fluence oil  the  nutritive  fluid,  the  stimulation  causing  the  nutrition  to  be- 
come  effective..  Thus  the  medullated  substance  assists  in  the  nu- 
trition of  the  axis  cylinder  and  also  in  developing  the  principle  of  conduc- 
tmty  associated  with  the  nervous  system.  The  medullated  substance 
would  be  connected  with  the  oxidation  process  in  connection  with  the  ve- 
nous blood  as  it  leaves  the  brain,  the  medullated  substance  having  the 
power  of  extracting  O out  of  compound  substances,  the  phosphorus  be- 
ing an  important  element  in  this  process  of  O extraction.  Conductivity 
is  a slow  process,  as  Kuhne  points  out,  on  account  of  the  slowness  of  the 
chemical  changes  taking  place  along  the  nerve  during  the  process  of  con- 
duction. It  is  the  axis  cylinder  alone  that  can  be  thus  active  in  connec- 
tion with  conductivity,  because  it  alone  represents  a continuous  path. 

1 he  medullary  sheath  is  non-continuous  on  account  of  the  Ranvier  nodes, 
t has  been  shown  that  if  the  axis  cylinder  is  swollen  by  immersion  in 
water  the  current  is  arrested  in  the  white  substance  at  the  nodes  while  in 
the  primitive  sheaths  no  such  arrests  take  place.  The  white  substance  is 
segmented,  the  segments  being  connected  together,  the  partitions  divid- 
ing these  segments  containing  corny  tissue  representing  a network  of 
keratoid  substance.  The  keratoid  substance  is  favorable  to  nutrition, 
the  substances  found  associated  with  it  aiding  the  endosmosis  in  connec- 
tion with  the  nutritive  fluid.  The  axis  cylinder  while  subjected  to  stim- 
ulation seems  to  attract  chemical  substances  from  the  white  tissues,  in- 
tensifying the  chemical  processes  associated  with  conductivity,  the  sheath 
representing  an  osmotic  membrane  which  permits  the  nutritive  fluid  to 
pass  from  the  white  substance  to  the  axis  cylinder,  the  passage  taking 
place  slowly.  This  sheath  represents  a regulator  of  the  nutrition  of  the 
axis  cylinder  as  well  as  its  protector.  The  same  is  true  of  the  white  sub- 
stance of  Schwann.  The  white  substance  in  its  nutrition  is  thus  entirely 
independent  of  the  fluid  passing  from  the  blood  vessels.  The  large  num- 
ber of  interruptions  in  connection  with  the  corny  substance  in  the  white 
substance  renders  the  nutrition  process  slow,  the  fluid  oozing  along  grad- 
ually from  one  segment  to  another, 

The  changes  taking  place  in  connection  with  the  nutrition  of  the  ner- 
vous system  have  been  investigated  chiefly  in  connection  with  the  phos- 
phoric excretion  from  the  body,  the  nervous  system  being  supposed  to 
account  for  a large  proportion  of  the  phosphorus  excreted  in  the  urine  and 
faeces.  Comparison  has  been  made  of  the  phosphorus  excreta  during 
sleep  and  wakefulness,  the  urine  having  more  phosphoric  acid  during 
sleep,  from  which  Mendel  has  concluded  that  the  nervous  elimination  of 
waste  matters  is  greater  during  sleep,  a conclusion  that  agrees  with  what 
we  have  already  said  in  regard  to  to  the  brain  variations.  There  is  a 
close  connection  between  the  vascular  variations  and  the  increase  of  the 
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lymph  flow,  the  brain  being  characterized  by  irregular  movements  dur- 
ing wakefulness,  the  explanation  of  this  being  that  the  large  amount  of 
waste  elimination  takes  place  from  the  brain  during  sleep.  It  has  been 
found  that  mental  activity  produces  an  increase  in  alkaline  phosphates 
excreted  decreasing  the  earthy  phosphates,  indicating  the  increase  of 
nerve  tissue  normally  during  mental  activity  or  exercise,  similar  to  the 
muscle  increase  that  we  found  associated  with  exercise.  Brain  activity 
according  to  this  involves  a diminution  of  waste  products  and  an  increase 
in  the  process  of  synthesis  going  on  in  the  brain  substance.  During  rest 
there  is  an  increased  decomposition  resulting  in  the  rapid  removal  of  the 
waste  products.  Hence,  it  is  inferred  that  the  functional  activity  of  the 
axis  cylinder  drives  out  phosphorus  from  the  white  substance,  this  phos- 
phorus being  used  up  in  the  chemical  processes;  within  the  white  sub- 
stance,'however,  these  processes  are  diminished,  representing  a resting 
condition.  The  horny  sheatK  of  keratoid  associated  with  the  axis  cylin- 
der and  the  white  substance  is  of  value  in  the  nutrition  of  the  nervous  sys- 
tem,  chiefly  on  account  of  the  pressure  which  it  excites.  In  the  case'  of 
the  brain  and  the  spinal  fibers  the  Schwann  sheath  is  absent,  its  absence 
being  compensated  for  in  the  brain  and  spinal  nerves  by  the  larger 
amount  of  fluid  exudation.  Injmnnection  with  the  axis  cylinder,  which 
we  have  seen  is  independent  from  a nutritional  standpoint,  if  seems  to  be 
necessary  in  order  to  sustain  the  function  of  the  axis  cylinder  against 
hypei  aeinic  cerebral  conditions  as  well  as  to  protect  the  brain  from  anaem- 
ic conditions.  In  the  case  of  the  gray  matter  the  large  water  composition 
has  a different  function  from  that  of  the  axis  cylinder  in  which  it  acts  as  a 
conducting  medium  through  the  peripheral  nerves  and  the  white  sub- 
stance of  the  central  nervous  system.  In  the  gray  matter  the  albuminous 
substances  are  found  in  large  proportions  and  'also  large  quantities  of 
phosphorus,  because  the  phosphorus  seems  to  accumulate  in  the  gray 
matter  of  the  brain.  There  is  also  a larger  quantity  of  nuclein  found  em- 
bedded in  the  cells,  the  nuclein  being  also  rich  in  phophorus  so  that  it 
exei  cises  principally  a nutritive  influence  because  it  contains  phosphorus, 
* as  vvell  as  influencing  the  albumin  activity,  preserving  intact  in  normal 
conditions  the  albuminous  protoplasm  and  preventing  its  destruction. 

In  the  cortex  we  find  a large  proportion  of  plasma  accumulated  in  the 
dense  plexuses  of  the  blood  vessels,  the  nerve  cell  nutrition  being  con- 
i' oiled  by  the  keratoid  sheaths  until  the  nerve  fibers  become  surrounded 
by  the  regular  medullary  sheath. 

In  iQfinection  with  the  gray  matter  there  is  irradiation  when  diffpr- 
ent  nerve  cells  combine  for  united  activity,  so  that  the  thought  develop- 
ment takes  place  in  connection  with  functional  association,  groups  of  cells 
1 > e ! ng_assoc j alexl  as  the  basis  of  all  the  more  complex  associations  of 
thought.  It  is  here  that  the  mental  element  is  introduced  as  an  impor- 
tant modifying  influence  upon  the  nutrition  of  the  brain  and  of  the  entire 
bod  v organism,  the  influence  upon  the  body  organism  being  communicat- 
ed the  brain.  There  are  great  centers  of  excitation  and  also 

1 hers  of  association,  so  that  the  localization  of  areas  in  the  brain  simply 

assists  in  the  association  of  stimuli  of  different  kinds,  these  different 
^.mulibeingr  combined  by  association  so  as  to  unite  the  cerebral  activity. 
When  the  cortex  of  the  brain  becomes  functionally  active  there  is  a com- 
p ex  chemical  synthesis,  requiring  an  increase  of  the  plasma,  the  princi- 
ple ot  attraction  accounting  for  the  distribution  of  the  plasma  the  demand 
as  we  said  regulating  the  supply.  This  is  different  from  the  nutrition  in 
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the  rest  of  the  body. 

In  addition  to  this  principle  of  attraction  found  in  connection  with 
the  cerebral  maclianism,  we  have  the  active  influence  of  the  vaso-motor 
center  regulating  nutrition  accounting-  for  the  increased  blockTsTTpl v to 
the  brain.  The  vaso-motor  influence  is  represented  ty  the  vascular  varia- 
tion's,  the  vaso-constrictor  action  accompanying- arterial  contraction  and 
the  vaso-dilator  action  accompanying-  arterial  dilatation.  Muscular  energv 
cannot  be  regarded  as  simultaneously  produced  along-  with  mental  energy, 
the  upper  part  of  the  brain  having  the  power  of  inhibition  upon  the  func- 
tions discharged  by  that  portion  of  the  brain.  The  vaso-motor  influence 
in  regard  to  vascular  variations  we  found  to  be  associated  with  peristaltic 
action  and  these  peristaltic  movements  are  modified  by  the 
hemisphere  activity,  the  activity  being  least  during  sleep  when  the  varia- 
tions are  most  regular.  This  seems  to  indicate  that  vaso-motor  influence 
upon  the  brain  is  not  direct  but  through  the  lower  centers  in  the  sub-cor- 
tical region,  so  that  there  is  a possibility  of  the  cortical  and  sub-cortical 
vaso-motor  centers  acting  as  inhibitors  of  each  other.  From  this  it  is 
concluded  that  the  normal  functional  hyperaemia  depends  upon  the  inhib- 
ition of  the  sub-cortical  center  by  the  cortical  center. 

Buckhardt  has  pointed  out  that  emotion  exercises  a very  strong  in- 
fluence upon  the  vascular  variations  of  the  brain.  This  is  due  to  the 
fact  that  emotion  arouses  the  widest  excitation  of  the  nervous  system. 
The  arterial  contraction  may  be  either  lessened  or  increased,  depending 
upon  the  number  of  the  nerve  elements  in  active  operation  and  upon  the 
number  of  those  elements  set  free  to  act.  In  the  case  of  the  sensation  of 
pain  this  is  well  illustrated,  for  example,  if  the  foot  be  subjected  to  a very 
hot  temperature  and  then  the  entire  lower  limb  be  subjected  to  a similar 
temperature,  in  the  former  case  the  nerve  elements  represent  a smaller 
number  than  the  latter  so  that  fewer  of  these  nerve  elements  are  called 
into  active  operation  in  connection  with  the  sensation  of  pain  in  the  former 
case,  resulting  in  a difference  in  the  degree  or  intensity  of  the  sensation. 
In  the  case  of  emotions  of  a repugnant  character  the  nutrition  of  thejbrain 
will  be  retarded  or  suspended  for  tFe^waste' matters  are  removed  from 
the  brain  tmfl'eT'tlre  influence  of  the  arterial  dilation,  this  waste  being  con- 
ti nhhd  to  Such  an  extent  as  to  exhaust  the  brain  of  its  nutriment.  In  con- 
nection with  the  brain  itself  we  find  that  the  variations  control  the  nutri- 
tive process,  the  circulation  of  the  blood  being  subject  to  the  muscular 
action  of  the  arterial  system.  Hence  all  the  brain  metabolism  is  carried 
on  in  connection  with  these  variations,  resulting  in  the  driving  out  of  the 
ventricular  fluid  as  well  as  the  free  lymphatic  circulation  in  connection 
with  the  intravascular  and  sub-arachnoidal  spaces.  This  is  all  controlled 
by  the  vaso-motor  center  so  that  the  nutrition  of  the  brain  is  really  de- 
pendent almost  entirely  upon  vaso-motor  action. 

Closely  connected  with  the  nutrition  of  the  brain  is  the  brain  weight, 
varying  in  the  human  subject;  in  the  male  from  1,000  to  1,925  grams  and 
in  the  female  from  820  to  1,565  according  to  Bischoff.  Pflegers  holds 
that  in  the  female  there  is  a much  less  perfect  development  of  the  hemis- 
pheres than  in  the  male,  but  this  statement  has  not  been  clearly  estab- 
lished. It  is  said  that  -where  the  convolutions  are  well  developed  we  have 
the  indication  of  high  nutritive  conditions,  indicating  the  degree  of  intel- 
igence  the  complexity  of  the  convolutions  being  said  to  represent  intel- 
lectual development.  This  does  not  seem  to  hold  good  if  we  compare  the 
monkey  with  the  horse,  unless  we  accept  the  explanation  of  Meynert  that 
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in  the  case  of  the  distinctly  social  animals  this  marks  the  increased  inten- 
sity of  their  intelligence  which  differentiates  the  gregarious  animal  from 
the  isolating  animals.  Aside  from  this  the  development  of 
the  convolutions  of  the  brain  depends  upon  mechanical  principles.  In- 
side the  cranium  the  convolutions  are  closely  packed  together  the  develop- 
ment being  limited  by  the  capacity  of  the  cavity,  so  that  free  development 
can  only  take  place  within  the  cranial  dimensions.  It  is  true  that  by  the 
comparison  of  one  class  of  animals  with  animals  of  other  classes  the  con- 
volutions do  seem  to  bear  a striking  relation  to  the  intelligence  of  that 
class  of  animals.  There  is  an  anatomical  foundation  for  the  true  theory 
in  regard  to  convolution  development.  For  example,  there  is  a distin- 
guishable difference  that  can  be  observed  in  foetal  brains  between  what 
are  called  the  longheaded  and  the  shortheaded  foetuses,  the  difference  be- 
ing as  Rudinger  points  out  one  of  anatomical  structure.  He  shows  that 
here  we  have  the  true  basis  of  the  mechanical  theoi-y  of  the  limitation 
there  is  said  to  be  to  brain  development,  the  cranium  and  the  dural  mem- 
brane exerting  a strong  pressure  on  the  brain  substance,  so  that  in  the 
nutrition  of  the  brain  its  shape  is  modified  by  the  cranial  cavity* 
In  the  case  of  the  longheaded  brain  he  finds  a contraction  at  the  coronal 
seam,  representing  the  junction  of  the  cranial  bones,  this  contraction  ex- 
tending towards  the  fissure  of  Sylvius  between  the  anterior  and  the  mid- 
dle lobes  of  the  brain,  producing  in  the  brain  as  it  develops  to  maturity  a 
dural  thickening  at  the  side  of  the  small  extension  of  the  sphenoid  bone, 
hindering  the  transverse  brain  development.  This  produces  excessive 
vertical  enlargement.  This  is  due  to  mechanical  action  in  connection 
with  the  cranial  development. 

In  regard  to  the  development  of  the  convolutions  there  are  noticed 
differences  in  the  convolution  development  about  the  seventh  month  of 
the  intra-uterine  life,  the  parietal  convolution  developing  before  the  occi- 
pital and  frontal  lobes.  Rudinger  points  out  that  in  case  of  the  female 
the  development  of  the  convolutions  is  less  perfect,  particularly  in  the 
frontal  lobe;  this  limited  development  characterizes  the  female  brain  in  its 
development  towards  and  during  maturity.  Welcker  thinks  that  the 
female  brain  tends  more  to  the  longheaded  brain,  this  accounting-  to  a 
large  extent  for  the  lesser  convolution  development.  In  these  forms  of 
the  brain  the  vertical  convolutions  are  not  retarded  in  development, 
whereas,  in  the  short-headed  skulls  it  is  impossible  mechanically  that  the 
longitudinal  convolutions  can  be  fully  extended.  This  is  in  line  with  the 
idea  that  brain  development  depends  upon  the  mechanical  development  of 
the  skull,  in  the  narrow  skull  there  will  be  little  transverse  development, 
whereas,  in  the  broad  lateral  skull  the  vertical  development  is  limited. 
Between  the  convolutions  along  the  fissures  we  find  the  development  of 
the  pia  mater,  the  brain  development  and  its  nutrition  depending  upon 
the  formation  of  the  skull.  These  developments  or  retarded  develop- 
ments do  not  seem  to  influence  the  cortical  functions,  because  the  activity 
of  the  cell  does  not  seem  to  depend  upon  its  location  in  connection  with 
the  convolution  or  a groove  between  convolutions.  In  connection  with  the 
brain  canvolutionsattempts  have  been  made  to  explain  the  increasingtorsion 
of  the  convolutions  at  the  frontal  and  occipital  ends  accompanied  by  the  free 
anastomosis,  the  medial  convolutions  being  wider  and  more  freely  develop- 
ed vertically.  There  is  no  hindrance  to  vertical  or  transverse  develop- 
ment in  the  case  of  the  median  portions,  whereas  in  the  frontal  and  oc- 
cipital region  there  is  a necessity  for  the  closer  connection  of  the  con- 
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volutions. 

In  the  development  of  the  central  nervous  system  the  peripheral 
nenes  and  terminal  organs  have  an  important  share  from  the  standpoint 
ot  nutrition.  Gudden  proved  that  if  the  sensory  impulses  are  cut  off  in 
the  case  of  a new  born  animal,  by  nostril  occlusion  and  the  adhesion  of  the 
lids  to  the  eye-balls,  the  development  of  the  brain  will  be  retarded  in 
some  of  its  parts  This  is  true  of  the  olfactory  bulb,  nerves  and  convol- 
utions, their  development  being-  incomplete.  To  compensate  for  this  lack 
ol  development,  he  found  an  enlargement  on  the  frontal  region  of 
the  skull  coi  lespondmg  with  these  undeveloped  portions  of  the  brain,  the 
contiguous  brain  parts  having-  been  more  fully  developed.  He  carried  the 
experiment  further  by  exterminating-  the  nerve  terminals,  the  result  be- 
ing- a marked  absence  of  development  in  the  brain  area  and  the  olfactorv 
nerves.  By  the  removal  of  the  olfactory  bulb  the  anterior  commissure 
\\as  not  affected  at  all,  indicating-  that  it  depends  for  its  nutrition  upon 
the  gray  matter;  but  when  the  olfactoi*y  lobe  along-  with  the  entire  hemi- 
sphere was  removed,  then  the  anterior  commissure  beg-an  to  atrophy 
accompanied  by  the  deg-eneration  of  the  corpus  callosum  which  is  nourish- 
ed m connection  with  the  cortex.  After  stitching-  the  eye-lids  tog-ether 
there  was  found  a partial  deg-eneration  of  the  optic  tract'  and  nerve  and 
the  anterior  body  of  the  corpora  quadrigemina  on  the  opposite  side.  By 
the  entii  e temoval  of  the  internal  membrane  of  the  eye  there  was  found 
complete  atrophy  of  the  optic  tract  on  the  opposite  side  and  the  corpora 
quadrigemina.  By  reversing-  his  experiments  and  removing  the  super- 
ior corpora  quadrigemina  there  was  retarded  development  of  the' optic 
tracts. 

In  the  brain  of  the  new-born  child  some  of  the  medullary  regions  are 
gray  instead  of  white  the  medullary  sheath  not  being  developed."  Flech- 
sig  has  worked  out  this  idea  in  connection  with  foetal  brain  development 
the  medullary  sheath  development  taking  place  upward  and  marking  the 
progress  of  longitudinal  development  in  the  foetus,  the  postero-median 
and  the  postero-external  columns  of  the  spinal  cord  being  the  first  to  man- 
ifest tlie  presence  of  the  white  substance.  This  represents  an 
important  physiological  fact  in  connection  with  functional  development, 
the  afferent  nerve  paths  representing  the  key  to  the  entire  central  system, 
indicating  that  the  nutritional  value  of'  the  peripheral  nerves  and 
terminal  organs  represent  an  important  factor  in  the  nutrition  of  the 
central  system.  Following  the  development  of  the  posterior  eolums  is 
development  of  the  anterior  columns  of  the  spinal  cord  in  connection  with 
the  white  matter,  the  gray  being  still  associated  with  the  pyramids,  in- 
dicating- as  Meynert  says  that  reflex  actions  result  from  sensory  devel- 
opments, the  sensory  stimulation  assistingin  the  development  and  nutrition 
of  the  central  nervous  system.  Before  the  end  of  the  efnbryt  nic  life  we  find 
the  development  of  the  white  substance  in  connection  with  the  medulla, 
cerebellum,  the  cerebral  surface  of  the  crus  cerebri,  the  thalamus  and  the 
mid-brain  and  finally  in  connection  with  the  occipital  and  parietal  lobes, 
the  fuller  development  of  the  white  substance  taking  place  after  birth, 
for  example,  in  connection  with  the  frontal  lobes.  This  indicates  the 
nutritional  value  of  external  stimuli  in  connection  with  the  peripheral 
nervous  system  in  the  development  of  the  central  nervous  system. 

We  have  spoken  of  the  cerebro-spinal  fluid  in  connection  with  brain 
nutrition.  It  differs  from  the  other  serous  fluids  of  the  body  and  is  really 
a secretion  father  than  an  exudation.  Its  composition  does  not  vary 
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much  even  in  pathological  conditions.  The  albuminous  materials  are 
found  in  the  albumose  form  rather  than  in  the  serum-albumin  form,  with 
no  fibrinogen  so  that  it  does  not  coagulate.  Sometimes  there  is  found  a 
very  small  trace  of  the  serum-albumin.  The  fluid  has  a very  low  specific 
gravity  varying  from  1005  to  1010.  It  is  this  fluid  that  seems  to  be  of  im- 
portance in  the  nutrition  of  the  brain  and  spinal  cord. 

CHAPTER  IX.  ' ANIMAL  HEAT  AND  FORCE. 


SECTION  I.  Introduction. 

Speaking  generally  the  body  may  be  regarded  as  a mechanism  for  the 
transformation  of  food  materials  into  potential  energy  and  finally  into 
body  energy.  Body  heat  may  be  regarded  as  a continuous  evolution  of 
kinetic  energy  existing  in  connection  with  the  molecular  vibrations  of  the 
body  atoms.  The  metabolic  processes  involve  the  conversion  of  these 
materials  into  energy  in  the  form  of  work  and  animal  heat,  so  that  the  ul- 
timate source  of  heat  is  the  potential  energy  of  the  food.  This  conver- 
sion implies  the  oxidation  of  the  food  substance  into  their  corresponding 
end  products.  It  is  easy  to  estimate  the  amount  of  potential  energy  ’con-1 
tained  in  a normal  daily  diet  and  thus  estimate  the  energy  accumulated  in 
the  body  system  daily.  The  amount  of  heat  depends  on  the  amount  oft 
energy  that  is  liberated.  The  food  energy  is  a form  of  latent  heat,  th's 
latent  heat  bfeinr  liberated  in  the  body.  Heat  is  regarded  by  phvsicists 
as  a form  of  motion  representing-  a condition  of  matter  rather  than  a sub- 
Htanc&r-so  that  heat  may  be  converted  Into  motion  ana  motion  may  also  W- 
con verted  into  heat.  The  income  from  which  heat  is  derived  in'  the  ani- 
mal economy  may  be  regarded  as  the  oxidation  of  food  elements,  proteid, 
fat  and  carbohydrates.  The  potential  energy  of  any  body  in  reference  to 
the  chemical  changes  of  the  body  represents  the  same  result,  however  the 
result  may  be  attained.  By  the  oxidation  for  example  of  one  gram  of  fat 
we  have  the  same  result  whatever  be  the  number  of  processes  through 
which  the  substance  has  to  pass  in  the  production  of  CO?  aud  HoO.  It  is 
easy  on  this  basis  to  estimate  the  potential  energy  of  a certain  quantity  of 
lood  irrespective  of  the  variation  in  the  processes  through  which  it  passes. 

It  has  been  noticed  from  early  times  that  the  bodies  of  some  animals 
are  warmer  than  the  air  around.  This  fiu-ms  the  basis  of  the  distinction 
m;ide  between  fhe  wp-m  and  cold  blooded  animals,  or  as  it  is  more  scien- 
tifically sTaledin  modern  times,  between  animals  whose  bodies  are  I10 
inoiothermal,  constant  in  temperature  and  not  affected  to  any  great  ex- 
tent by  changes  of  temperature  in  the  medium,  and  those  poikilothermal 
whose  bodies  vary  in  temperature  from  the  temperature  of  the  medium 
being  always  slightly  above  the  medium.  This  distinction  is  fundamen- 
tally a physical  one  although  of  great  importance  in  physiology.  The 
higher  animals,  including  the  mammals  and  birds,  have  generally-  a conk- 
tant  temperature;  some  of  the  mammals,  however,  like  the  hibernating 
marmot  or  the  hedgehog  are  constant  in  suhVnrCr,  the  temperature  being 
high,  and  variable  in  winter  during  their  hibernation  when  they  are 
inactive.  We  find  also  among  the  bees  a high  temperature  although  they 
<1  > not  hibern  itv  In  the  case  of  the  cold  blooded  like  the  frog  wefind  con- 
siderable variations;  for  exafaple  in  summer  it  may  be  30  degrees  and 
in  winter  almost  at  zero  and  vet  the  tissues  arc  not  affected  by  these 
changes  neither  is  the  vita'  force  diminished.  It  yvas  formerly  supposed 
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that  the  difference  between  warm  and  cold  blooded  animals  was 
absolute,  the  warm  blooded  having  always  a higher  temperature.  That 
this  is  not  so  is  proved  in  connection  with  the  frog  which  has  been  found 
to  possess  a temperature  above  that  of  man  in  a high  temperature  of  the 
water  medium.  In  the  case  of  the  higher  animals  there  is  a heat  mecha- 
nism in  connection  with  the  body  regulating  the  heat  production  and  loss, 
preserving  a normal  temperature  whether  the  surrounding  medium  is 
hot  or  cold.  We  do  not  know  why  a higher  temperature  is  necessarv  in 
the  case  of  the  higher  animals  than  in  the  case  of  fishes  to  carry  on  the 
physiological  functions.  It  is  supposed  that  the  extreme  delicacv 
of  the  organism  in  the  higher  animals  cannot  endure  the  same  amount  of 
shock  as  the  lower  organisms  whose  bodies  seem  to  be  unaffected  by  ex- 
treme cold  or  heat.  In  the  case  of  some  warm  blooded  animals,  for  ex- 
ample very  small  children  and  immaturely  developed  animals  at  birth 
they  are  not  able  to  sustain  body  temperature  but  are  dependent  upon 
some  auxiliary  source  of  heat. 

Thermometry  and  Calorimetry.- — When  two  bodies  are  brought  in- 
to contact  if  no  transference  of  heat  takes  place  from  one  to  another  they 
are  said  to  have  the  same  temperature.  If,  by  contact,  heat  passes  from 
one  to  another  then  they  are  at  different  temperatures,  the  body  from 
which  heat  passes  being  at  the  higher  temperature.  It  is  a well  known 
physical  law  that  diffusion  of  heat  will  take  place  between  bodies  of  un- 
equal temperature  till  the  temperature  is  equalized.  If,  then,  we  can  de- 
termine the  temperature  of  any  single  body,  it  is  easy  by  comparison  to 
measure  the  temperature  of  other  bodies.  It  is  on  this  principle  that 
thermometry  is  based.  Temperature  may  be  defined  in  reference  to  a 
body  as  the  greater  or  less  degree. in  which  it  is  capable  of  imparting  heat 
to  other  bodies.  We  must  not  confuse  temperature  with  the  amount  of 
heat  because  the  amount  of  heat  in  the  body  may  be  small  while  the  tem- 
perature is  high  and  vice  versa.  For  example,  if  a pint  of  water  is  taken 
from  a gallon  of  hot  water  the  temperature  will  be  the  same  but  the  amount 
of  heat  will  be  different.  The  thermometer  is  an  instrument  for  meas- 
uring temperature.  The  ancients  depended  solely  upon  their  sensa- 
tions in  estimating  temperature.  Our  sensations,  however,  are  liable  to 
such  errors  that  we  cannot  depend  on  the  accuracy  of  the  sen  sations  of 
heat  and  cold,  particularly  to  such  a degree  of  delicacy  as  is  necessary  in 
connection  with  body  temperature.  It  was  at  the  close  of  the  16th  cen- 
tury that  Sanctorius  and  Gallileo  invented  the  crude  thermometer,  the 
former  using  air  enclosed  in  a bulb  at  the  end  of  a tube  containing  a col- 
ored fluid,  measuring  changes  of  temperature  by  the  expansion  of  the  air, 
the  latter  using  alcohol.  It  was  in  this  form  that  the  alcohol  thermometer 
was  graduated  by  Hooke  and  Newton.  Fahrenheit  in  the  begining  of  the 
18th  century  was  the  first  to  substitute  mercury  for  alcohol,  graduating 
the  thermometer  as  we  have  it  now  associated  with  his  name.  About  the 
middle  of  the  18th  century  Celsius  invented  the  centigrade  thermometer. 
The  mercurial  thermometer  contains  a quantity  of  mercury  in  a small 
glass  bulb,  the  bulb  extending  into  the  tube  in  a very  delicate  stem. 
The  expansion  is  measured  by  a graduated  scale  usually  attached  to  the 
glass  tube.  Mercury  expands  with  the  rise  of  temperature  and  contracts 
with  a fall,  the  rise  and  fall  being  indicated  upon  the  scale.  In  the  C 
scale  the  point  marked  by  the  mercury  when  its  bulb  is  immersed  in 
melting  ice  is  called  zero;  the  point  marked  when  it  is  placed  in  the  medi- 
um of  steam  arising  from  boiling  water  is  represented  as  100  degrees.  In 
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using  the  thermometer  in  connection  wtih  an  animal  or  man  thethei  mom- 
eterTs  placed  in  contact  with  the  part  to  be  measured  until  the  mercury  be- 
comes steady,  indicating'  that  expansion  or  contraction  has  ceased.  1 his 
does  not  give  us  any  indication  of  the  amount  of  heat  in  the  body  or  in  its 
part,  because  we  have  simply  measured  the  capacity  of  the  body  to  give  out 
or  take  in  heat,  representing  the  tension  of  the  heat  or  the  intensity  of  the 
heat  of  a substance.  In  connection  with  an  animal  the  measurement  is 
usually  made  in  connection  with  the  mouth,  the  rectum,  axillae,  theextei- 
nal  ear  or  the  vagina.  The  skin  temperature  may  be  measured  by  using 
the  ordinary  mercury  thremometer,  covering  the  bulb  with  some  non-con- 
ductor of  heat,  as  there  is  error  if  the  bulb  is  left  uncovered.  A more 
perfect  result  may  be  obtained  by  the  use  of  a resistance  thermometer 
which  is  formed  from  a grating  of  lead  paper  or  tin  foil.  The  increase  of 
temperature  produces  an  increase  of  the  resistance  of  the  lead  or  tin  foil, 
disturbing  the  balance  of  Wheatstones  bridge  which  is  connected  to  the 
lead  by  wire.  This  instrument  is  specially  of  value  in  determining  varia- 
tions in  skin  temperature  over  different  parts  of  the  body. 

In  order  to  supplement  the  work  of  heat  measuring  associated  with 
the  thermometer  physical  science  has  introduced  the  calorimeter.  1 he 
amount  of  heat  that  an  animal  produces  can  be  estimated  by  measuring 
the  heat  given  off  and  also  the  heat  equivalents  of  the  changes  taking 
place  in  the  body.  To  be  exact  both  of  these  must  be  estimated.  The 
quantity  of  heat  is  estimated  from  the  weight,  the  specific  heat  and  the 
bod  v temperature.  T he  object  of  the  calorimeter  is  to  measure  the  qunati- 
tv  of  heat  which  passes  off  from  the  body  or  into  the  body  wh  en_th  P re-aft--* 
change  ot  temperature  in  the  bo’cTyT  Quantities  cTheaTaremost  convenien- 
tly measured  by  estimating  their  capacity  of  raising  the  temperature  of  a 
known  standard  such  as  water.  Many  attempts  have  been  made  to  con 
struct  calorimeters  but  only  in  recent  times  have  these  been  successful 
with  exact  methods.  In  some  cases  as  in  the  ice  calorimeter  of  Laplace  and 
the  ether  calorimeter  there  is  a changed  condition  represented  by  ice 
liquefaction  and  ether  evaporation,  so  that  the  heat  is  measured  by  these 
processes  of  liquefaction  and  evaporation.  These  are  not  exact,  especial- 
ly the  ice  method,  because  to  expose  to  an  ice  temperature  implies  loss  of 
heat. 

The  unit  called  the  thermal  unit  is  the  amount  of  heat  required  to 
raise  the  temperature  of  one  gram  or  C.  C.  of  water  one  degree  C.  This 
is  called  a calorie.  The  unitof  mechanical  measurement  is  the  gram-meter 
representing  the  amount  of  energy  required  to  raise  one  gram  one  meter, 
representing  424.5  calories.  Some  physicists  make  the  unit  the  amount 
of  heat  required  to  raise  one  pound  of  water  one  degree  C,  so  that  one  ca- 
lorie in  this  case  would  be  equal  to  2.2  units  and>one  thermal  unit  would 
be  equal  to  .45  calories.  The  metric  standard  is  more  easily  calculated 
and  used. 

Specific  heat  represents  the  amount  of  heat  required  to  raise  the  tem- 
perature of  a substance  one  degree  C,  the  specific  heat  varying  with  diff- 
erent substances  Water  is  usually  taken  as  the  standard  unit.  The 
specific  heat  of  the  animal  body  normally  is  .8  or  .9,  that  is  .8  of  the 
amount  of  heat  will  be  necessary  to  heat  the  same  weight  of  the  animal  as 
of  water.  If  we  know  the  weight,  specific  heat  and  temperature  of  any 
substance  we  can  calculate  the  total  amount  of  heat  in  the  substance. 
Multiplying  the  weight  by  the  specific  heat  and  the  temperature  gives  us 
the  total  quantity  of  heat.  In  connection  with  the  calorimeter  it  is  easy  to 
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calculate  the  change  in  temperature  .by  multiplying-  the  weight  by  the 
specific  heat  and  the  increase  or  decrease  in  the  body  temperature. 

In  the  physiological  calorimeters  either  water  or  air  has  been  takenas 
the  standard  of  measurement.  In  the  water  calorimeter  there  are  double 
walls  the  outer  space  being  tilled  with  water.  Within  the  vessel  the  ani- 
mal is  placed,  the  temperature  of  the  water  being  noted  at  the  beginning 
and  end  of  the  experiment.  It  is  taken  for  granted  that  all  the  heat  will 
will  go  to  the  water  and  none  to  the  metal  and  that  noneof  the  heatgets  through 
the  external  wall  by  any  process  of  radiation.  It  is  easy  to  calculate  the 
amount  of  watei  that  will  be  raised  one  degree  C.  by  a certain  amount  of 
heat  which  will  also  raise  the  metal  one  degree  C.  This  is  called  the 
water  equivalent  of  the  instrument.  It  is  addded  to  the  water  volume,  the 
result  being  multiplied  by  the  increase  in  temperature.  The  loss  of  heat 
by  radiation  can  be  removed  by  keeping  the  surrounding  air  constant  and 
by  regulating  the  temperature  of  the  water  in  comparison  with  that  of 
the  air  so  that  the  gain  and  loss  of  the  heat  are  balanced.  The  water  cal- 
orimeter is  not  an  exact  instrument  because  of  the  impossibility  of  get- 
ting the  exact  water  temperature  on  account  of  the  difference  in  the  heat 
at  different  water  levels  and  because  the  water  is  difficult  to  heat  by  the 
heat  given  off  from  an  animal. 

In  recent  years  the  air  calorimeter  has  replaced  the  water  one.  It 
really  represents  a thermometer  with  a wide  radiation  surface.  The 
amount  of  heat  required  to  raise  the  unit  volume  of  air  one  degree  C is 
very  small  compared  with  that  of  the  water.  A specific"  amount  of  heat 
raises  the  temperature  of  the  air  calorimeter  more  than  in  the  case  of 
a water  instrument  and  the  heat  lost  is  in  exact  proportion  to  the  rise  in 
temperature.  As  the  loss  of  heat  in  connection  with  the  instrument  comes 
to  be  equal  to  what  is  absorbed  from  the  animal,  the  instrument  becomes 
steady  and  in  this  way  the  heat  production  can  be  secured.  In  the  case 
of  the  air  instrument  the  heat  loss  is  followed  more  carefully,  for  it  is  the 
heat  emission  or  heat  loss  not  the  heat  production  that  is  measured.  If 
the  animal  temperature  has  been  unchanged  the  two  quantities  will  be 
equal.  If  the  animal  temperature  has  fallen  the  heat  produced  will  be 
represented  by  the  quantity  of  heat  in  the  instrument  less  the  difference 
between  the  animal  heat  at  the  beginning  and  close  of  the  experiment. 
The  differential  air  calorimeter  provides  for  the  use  of  two  instruments 
so  that  heat  lost  by  conduction  and  radiation  can  be  compensated  for  in 
the  duplicate  instrument.  In  the  most  recent  form  of  it  we  find  that  theheat 
which  is  found  in  connection  with  the  animal  in  one  chamber  is  compen- 
sated for  by  the  heat  emitted  from  an  H flame  burning  in  a similar  cham- 
ber. By  estimating  the  H burned  and  knowing  the  oxidation  value  of  the 
H we  can  estimate  the  number  of  calories  produced  by  the  H.  This 
would  represent  the  number  of  calories  which  the  animal  givesoff.  Asso- 
ciated with  this  calculation  is  the  calculation  of  the  amount  of  O taken  in 
and  CO2  given  off.  The  calorimeter  has  been  applied  to  man  in  the  case 
of  parts  of  the  body.  Waller  has  devised  a plan  for  the  clinical  examina- 
tion of  patients.  He  takes  the  deep  and  surface  temperatures  in  differ- 
ent parts  of  the  body,  estimating  the  amount  of  water  evaporated  from 
the  skin  by  the  use  of  the  hygrometer  and  noting  the  temperature  of 
the  room.  By  testing  the  thermometer  in  connection  with  calorimetric 
experiments  it  is  easy  to  estimate  the  amount  of  heat  given  off. 

in  the  calorimeter  of  Rosenthal  the  body  or  part  of  the  body  is  put  in  a 
chamber  surrounded  by  another  chamber  in  which  is  air.  In  the  instru- 
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ment  are  three  concentric  copper  cylinders;  in  the  inside  one  is  the  ani- 
mal; the  middle  one  represents  an  air  space,  the  outer  one  providing1  an 
external  casing-  to  protect  from  radiation  and  conduction  chang-es.  There 
are  attachments  for  supplying  air  after  closing  the  chambers  and  also  for 
the  extraction  of  C02>  Connected  with  the  air  chamber  are  a manometer 
and  a thermometer.  Reichert’s  instrument  is  the  one  that  is  in  common 
use  now.  It  consists  of  two  concentric  metallic  cases  fixed  in  such  a way 
as  to  leave  a space  between  the  two  of  one  and  one-half  inches,  the  space 
being  filled  with  water.  The  external  box  is  15  inches  high  and  wide  and 
18  inches  long.  At  one  end  there  is  an  opening  9 inches  wide  for  admit- 
ting and  removing  the  animal.  At  the  top  are  four  perforated  holes,  two 
for  the  entrance  and  removal  of  air,  the  entrance  tube  going  down  to  the 
bottom  of  the  inner  chamber  and  the  exit  tube  only  to  the  top  of  it.  In 
the  third  hole  a thermometer  is  placed  and  in  the  fourth  an  instrument  for 
mixing  the  water  in  the  jacket.  By  estimating  the  calorimetric  equival- 
ent of  the  apparatus  the  amount  of  heat  is  found  that  is  necessary  to  raise 
the  apparatus  one  degree  C.  This  is  done  by  burning  H in- 
side the  chamber.  Each  liter  of  H when  oxidized  gives  a certain  number 
of  calories.  The  heat  generated  raises  the  temperature  of  the  apparatus. 
When  we  know  the  amount  of  heat  generated  by  burning  H and  the  rise 
in  the  temperature  we  can  easily  calculate  the  calorimetric  equivalent  of 
the  apparatus.  When  an  animal  is  put  into  the  inner  box  part  of  the  heat 
given  oil"  is  taken  up  by  the  instrument,  part  passes  off  in  the  air  and 
another  part  throug-h  the  H20  excreted  from  the  lungs  and  skin.  To  get 
accurate  estimates  therefore  it  is  necessary  to  estimate  the  amount  of 
heat  imparted  to  the  instrument,  the  amount  absorbed  in  the  air  and  the 
amount  in  connection  with  the  water.  The  first  can  be  calculated  from 
the  calorimetric  equivalent  of  the  apparatus.  The  second  can  be  reckon- 
ed by  measuring  the  air  entering  the  instrument  and  the  temperature  of 
the  entrance  and  exit  air.  The  third  can  only  be  approximated  bv  meas- 
uring samples  of  the  air  as  it  passes  out  and  enters  the  instrument.  Be- 
fore putting  in  the  animal  the  temperature  of  the  animal  is  taken  and 
after  stirring  the  water  the  temperature  of  the  chamber  is  taken  and  the 
temperature  of  the  air  entering  and  leaving.  The  amount  of 
heat  imparted  to  the  instrument  is  calculated  by  multiplying  the  increase 
in  temperature  of  the  instrument  by  the  calorimetric  equivalent.  The 
amount  of  heat  given  to  the  air  is  estimated  from  the  volume  of  the  air 
reduced  to  weight  then  multiplied  by  the  specific  heat  of  air  at  zero  C.  and 
the  increase  in  temperature.  The  amount  of  heat  lost  in  evaporation  is 
calculated  by  comparing  the  vapor  in  the  air  leaving  with  that  in  the  air 
entering  the  chamber.  The  total  amount  of  heat  given  off  would  then  be 
found  by  adding  together  these  three  quantities,  heat  imparted  to  the  in- 
strument, to  the  air  and  lost  in  vapor.  To  get  the  quantity  of  heat  pro- 
duced it  is  necessary  to  add  to  or  substract  from  this  total  quantity  the 
amount  gained  or  lost  by  the  animal  while  in  the  chamber.  If  the  tem- 
peiature  is  the  same  when  taken  out  as  when  put  in,  the  quantity  lost  re- 
presents the  quanitty  produced;  if  the  temperature  of  the  animal  increases 
less  is  lost  than  produced;  but  if  the  temperature  falls  more  is  lost  than 
produced. 

By  the  use  of  these  calorimetric  methods  the  potential  energy  value 
of  1 « * >d  caw  dux  AXalmuj.Iud_as ....  well  as  the  heat  production  and  it  can  be 
measured  by  units  of  heat.  It~Ts  ini pfTttmt  ter  rc  mem her  that  energy 
cannot  be  destroyed,  it  is  simply  changed  in  form.  In  changing  its  form 
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we  have  the  transference  from  one  unit  to  another.  Hence  Joule  calcu- 
lates one  heat  unit  equal  to  424.5  work  units.  In  connection  with  an  ani- 
mal it  is  also  important  to  know  the  relation  of  mass  to  surface  area. 
Heat  is  generated  in  connection  with  the  mass,  it  is  lost  from  the  surface. 
In  animals  mass  and  surface  are  not  proportional,  for  the  increase  in 
the  mass  represents  more  than  the  corresponding  increase  in  surface. 
Hence  the  physical  law  is,  the  mass  increases  as  the  cube,  surface  in- 
creases as  the  square.  The  result  of  this  is  that  a small  animal  has  a 
larger  surface  area  than  a larger  animal;  therefore  a small  animal  loses 
heat  more  quickly  than  a large  amimal.  Hence  it  also  produces  more, 
because  the  chemical  processes  are  more  active  in  a small  animal  than  in  a 
larger  one.  This  is  true  not  only  of  heat  but  also  of  such  excretions  as 
urea,  CO2;  of  the  food  substances  used  and  of  the  blood  that  circulates  in 
a small  as  compared  with  the  larger  animal. 

Besides  the  heat  production  that  arises  in  connection  with  oxidation, 
there  are  certain  physical  processes  that  give  rise  to  body  heat.  The 
kinetic  energy  associated  with  the  internal  body  organs,  as  the  heart, 
lungs,  viscera,  is  transformed  to  heat;  in  addition  to  this  we  find  the  active 
energy  arising  in  connection  with  the  cartilages  and  muscles  and  the  fric- 
tion that  is  developed  by  the  air  in  connection  with  respiratory  activity, 
together  with  the  electricity  developed  in  connection  with  the  muscles, 
nerves,  and  glands  of  the  body,  the  electricity  being  changed  into  heat. 


SECTION  II.  Body  Temperature. 

As  we  have  seen  a distinction  is  drawn  between  warm  and  cold 
blooded  animals.  This  distinction,  however,  is  not  absolute.  Kven  in 
the  case  of  the  warm  blooded  there  is  a close  resemblance  in  certain  con- 
ditions to  the  cold  blooded  as  in  the  case  of  imperfectly  developed  or  quite 
young  animals,  so  that  the  difference  is  relative.  In  the  case  of  the 
human  subject  and  of  most  of  the  mammals  the  body  temperature  is 
pretty  steady,  varying  normally  within  very  slight  limits.  It  is  for  this 
reason  that  man  is  classed  among  the  homoiothermal  animals  whose  tem- 
perature is  constant.  In  a healthy  individual  the  mean  temperature  \ai- 
ies  only  very  slig'htly,  the  variation  being  found  according  to  the  part  ol 
the  body,  in  which  the  temperature  is  taken.  rl  he  temperature  ol  the 
human  subject  varies  normally  about  one  half  a degree.  1 he  tempei  - 
ature  of  the  bodv  organs  is  normally. higher  than  the  superficial  bod\ 
temperature.  Bernard  found  the  normal  temperature  of  the  lungs, 
muscles  and  brain  40.6.  In  the  rectum  it  is  about  37.2  degrees  or  98.9<>b .. 
at  the  axillae  36.9  or  98.45  K.  and  in  the  mouth  36.87  or  98. 06  b ..  these  fig- 
ures representing  average  temperatures.  It  is  usually  stated  that  the 
normal  temperature  is  36.9  or  98.4  F.  but  this  represents  the  tempei  atm  c 
during  activity,  without  taking  any  account  of  the  night  temperatures 
which  arc  lower  than  the  day  temperatures.  The  mean  temperatui  e-o 
the  individual  would  be  an  average  of  the  daily  and  nightly  tempei  atui  es, 
the  variation  ranging  in  the  mouth  from  36.1  to  3/. 5,  in  the  axillae  10m 
36.1  to  38,  in  the  rectum  from  36.1  to  37.8  and  in  the  urine  fiqm  06. 1 to  a.  . 
degrees.  In  the  case  of  the  human  subject  in  health  the  limits  ai  e about 

36  to  38  or  36.25  to  37.5  axillae  calculation,  in  the  mouth  the  increase  be- 
ing about  one  fourth  to  one  degree  and  in  the  rectum  1 rom  one  to  two 
decrees  higher.  Above  37.8  it  becomes  a fe\ cr  temperature  and  below 

37  degrees  a collapse  temperature.  In  the  case  of  children  the  tempera- 
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ture  is  higher  and  more  liable  to  variation.  After  40  years  the  average 
temperature  is  lower  than  in  the  normal  adult.  The  variation  found  in 
the  daily  and  nightly  temperature  represents  a maximum  from  9 a.  m.  to 
6 or  8.  p.  m.  and  a minimum  from  12  midnight  to  6 a.  m.,  at  6 the  daily 
tide  of  life  reaching  the  low  water  mark.  There  is  a slig'ht  variation  de- 
pending upon  the  character  of  the  food.  Exercise  produces  very  slight 
change,  compensating  elements  preserving*  the  balance,  the  variation  not 
exceeding  usually  one  degree.  In  the  case  of  animals  the  temperature 
is  found  to  vary  more  than  in  the  case  of  man,  althoug*h  the  experiments 
have  not  been  very  carefully  made  in  connection  with  averag*e  tempera- 
tures. In  the  horse  it  is  found  to  be  about  37.8,  in  the  cow  38.7  and  in  the 
sheep  40.4,  in  the  dog  38.  5,  in  the  cat  38.7  and  in  the  monkey  38.4.  In 
most  of  the  mammals  the  temperature  taken  in  the  rectum  is  above  that 
of  man.  The  temperature  of  birds  is  found  to  be  two  or  three 
degrees  above  that  of  mammals.  In  observing  temperatures  for  com- 
parison it  is  essential  to  have  the  conditions  as  nearly  similar  as  possible, 
so  that  no  change  may  be  due  to  chang*ed  conditions  either  in  the  amimal 
or  in  the  method  of  observation. 

In  regard  to  the  cold  blooded  animals  no  definite  variation  can  be  laid 
down  nor  can  they  be  said  to  differ  from  the  warm  blooded  in  any  absol- 
ute points.  In  the  case  of  bees  the  single  bee  seems  to  have  little  capacity 
individually  of  keeping  up  tempei'ature,  very  rapidly  becoming  cold  and 
powerless  if  exposed  to  the  slightest  cold.  When  bees  are  aggregate d as 
Uyjthe  hive  the  temperature  is  kept  without  very  much  variation.  Hunter 
foundTbe  temperature!)!'  a hive  27  degrees  in  July  when  the  temperature 
of  tile  air  was  12  and  in  December  when  the  air  was  1.7  the  hive  was  22.8 
degrees.  It  has  been  found  that  the  activity  of  bees  increases  the  tem- 
perature above  the  air,  while  during  winter  when  they  are  inactive  the 
temperature  falls  to  that  of  the  air,  varying  very  slightly.  In  most  of  the 
cold  blooded  animals  the  variation  of  the  body  temperature  from  the  air 
temperature  takes  place  at  a mean  temperature  slightly  above  that  of  the 
surroundings.  The  average  according*  to  Schaefer  above  the  atmosphere 
is  about  one  degree  varying*  in  some  to  ten.  In  the  case  of  some  animals 
as  the  winter  comes  on  they  become  inactive  and  assume  a torpid  con- 
dition. The  body  activity  is  lessened  and  the  temperature  falls  to  a point 
slightly  above  air  temperature.  These  represent  the  hibernating  animals, 
specimens  of  which  are  found  amomg  mammals,  reptiles,  amphibians, 
birds  and  possibly  the  fishes  having*  no  hibernation.  In  some  cases  food 
is  stored  up  so  that-  the  animals  awake  up  at  periods  to  feed,  while  in 
others  the  fat  accumulation  providesTor  the,  nutrition  of  the  body.  Res- 
piration is  not  destroyed  but  assumes  the  Chevne-Stokes  form  with  great 
irregularity.  There  is  an  absorption  of  O and  an  elimination  of 
C02  varying  considerably  in  different  animals,  the  marmot  being* 
able  to  live  in  a CO?  medium  for  hours  without  any  perceptible  change. 
Experiments  have  proved  that, of  the  O taken  in  a part  of  it,  representing 
about  one  fifth,  is  stored  up  in  the  body,  the  balance  being  eliminated  as 
CO\  The  heart  force  is  greatly  diminished,  in  the  case  of  some  animals 
the  heart  beat  being  entirely  absent.  The  most  reliable  experiments  in- 
dicate the  fact  that  a large  amount  of  CO?  is  found  in  the  arterial  and 
venous  blood  as  compared  with  the  active  condition.  The  nervous  system 
isjmich  lessened  in  its  irritnbilitv.  The  temperature  becomes  like  that 
°-Lthe  cold  blooded  animals,  varying  with  the  surroundings  so  that  there 
is  little  power  for  preserving  a constant  temperature.  As  soon  as  the 
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hibernatino  closes  the  temperature  rises  vary  rapidly,  more  rapidlv  than 
in  abnormal  fevered  conditions,  this  sudden  rise  in  temperature  being 
accompanied  by  quickened  respiration,  circulation  and  heart  beat,  the  in- 
crease in  the  body  activity  being-  the  cause  of  the  rise  in  temperature. 
The  cause  of  hibernation  was  at  one  time  supposed  to  be  extreme  cold 
but  it  is  found  that  severe  cold  does  not  produce  hibernation  in  an  active 
animal  some  cases  being-  recorded  in  which  excessive'  cold  aroused  from 
the  torpid  condition  the  hibernating-  marmot.  Some  of  the 
hibernating"  animals  have  been  kept  in  a warm  temperature  during-  winter 
and  yet  they  hibernated.  In  addition  to  the  cold  it  is  certain  that  the 
want  of  food  is  an  important  element,  involving-  the  inactivity  of  the  inter- 
nal org-ans.  DuBois  says  that  in  hibernation  we  have  a prolongation  of 
the'sleep  condition  produced  by  a kind  of  auto-toxi  cation,  the  toxic  in  this 
case  being  CCK  He  claims  that  in  the  case  of  hibernation  the  CO,  is 
found  to  “excess  in  the  blood  especially  in  connection  with  the  brain. 

~'Tfiese  cases  of  hibernation  indicate  some  of  the  means  for  preserv- 
ing body  heat  in  normal  conditions  and  also  mark  some  of  the  conclusions 
that  may  be  reached  in  regard  to  the  limitations  of  body  temperature  that 
are  compatible  with  living  conditions.  We  have  seen  that  the  variation 
of  body  temperature  in  man  is  slight,  not  normally  above  two  degrees. 
This  however  may  be  considerably  modified  in  pathological  conditions. 
Exposure  to  cold,  particularly  in  the  case  of  intoxicated  persons  does  not 
seem  to  affect  life  conditions,  even  if  the  exposure  is  severe  and  long  con- 
tinued. It  has  been  found  that  the  fall  of  the  body  temperature  to  24  de- 
grees on  account  of  such  exposure  under  these  conditions  of  intoxication 
has  not  proved  fatal.  It  is  true  that  unconsciousness  was  induced  but 
proper  treatment  resulted  in  the  restoration  of  consciousness.  Low- 
enhardt  found  the  body  temperature  as  low  as  23  degrees  in  the  case  of  an 
insane  person  and  in  others  from  25  to  29.  In  these  cases  the  persons 
were  of  peculiar  animal  habits  going  about  undressed  and  without  taking 
much  food.  In  the  majority  of  cases  when  the  temperature  is  reduced  to 
from  25  to  32  death  results  either  shortly  after  the  fall  in  temperature  or 
after  the  lapse  of  some  time.  Attempts  have  been  made  artificially  to  re- 
duce the  temperature  of  some  animals,  the  result  being  that  in  cases  where 
the  temperature  is  cooled  to  18  degrees  death  results;  in  the  case  of  rabbits 
it  is  found  that  artificial  cooling  to  18  degrees  produces  paralysis  and  an 
almost  inperceptible  heart  beat,  the  respiration  being  either  very  slow  or 
very  rapid,  the  muscles  and  nerves  preserving  their  irritability.  Incases 
of  sudden  and  great  changes  below  body  temperature  the  metabolic  pro- 
cesses are  lowered  heat  production  being  stagnant.  The  rapidity  of  the 
change  has  a great  deal  to  do  with  the  fatal  results  because  if  the  change 
took  place  gradually  so  as  to  accustom  the  body  to  the  lowered  metabo- 
lism fatal  results  might  be  avoided.  The  lessened  metabolism  if  contin- 
ued however  affects  the  brain  thereby  influencing  consciousness  and  the 
controlling  power  of  heat  production,  resulting  in  a lethargic  state  pass- 
ing into  death. 

In  regard  to  the  limit  of  variation  above  body  temperature  there  are 
some  clearly  established  cases  of  hyperpyrexia  in  which  the  temperature 
has  been  found  as  high  as  46.1  or  li4.98  E in  case  of  scarlet  fever,  44. 75 or 
112.55  F in  cases  of  tetanus;  but  all  these  cases  have  been  fatal.  Lcyick 
and  Donkin  record  cases  in  which  at  a temperature  varying  from  44  to 
46  degrees  recovery  took  place  and  in  some  cases  of  rheumatic  fever  a 
temperature  of  43.55  recovered.  According  to  Bernard  whose  experi- 
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merits  upon  birds  and  rabbits  led  him  to  conclude  that  the  limit  of  life 
was  placed  at  45  degrees  in  rabbits  and  51  in  birds,  he  concluded  that  the 
cause  of  death  in  pyrexia  conditions  was  heart  stoppage  due  to  the  excess- 
ive heat,  producing- muscular  rigidity.  From  this  it  is  concluded  by  analogy 
that  in  the  case  of  a man  the  highest  limit  of  body  temperature  may  be 
set  at  46  degrees,  47  representing  a point  at  which  death  results  rapidly, 
this  being  due  as  has  been  suggested  to  proteid  coagulation  in  connection 
with  the  muscles  resulting  in  the  rigor  mortis  state.  The  mechanism  of 
the  body  cannot  stand  too  much  heat.  Hence  to  raise  the  the  tempera- 
ture 6 or  7 degrees  usually  entails  death.  The  producing  cause  of  death 
in  these  cases  may  be  taken  as  the  increased  metabolic  activity  in  connec- 
tion with  the  tissues,  producing  a rapid  destruction  of  the  substance. 
Overmuch  heat  produces  dyspnoea  and  this  condition  very  soon  exhausts 
the  center  of  respiration.  The  effects  upon  the  heart  are  noticeable  in 
connection  with  the  quickened  beat,  the  stroke  being  enfeebled  and  ir- 
regular. In  addition  the  nervous  system  is  subjected  to  rapid  changes 
resulting  in  the  loss  of  consciousness  and  the  loss  of  control  of  the  tissues 
of  the  body,  so  that  a general  disorder  results  in  the  body.  Sometimes 
death  results  from  loss  of  heart  action,  sometimes  from  the  cessation  of 
respiratory  actionand  more  commonly  from  a general  brain  coma.  Where 
the  temperature  is  raised  excessively  it  reaches  the  point  represented  by 
muscle  coagulation, namely  50  degrees.  In  such  a case  the  muscle  rigidity 
produces  death.  Thus  the  limits  of  life  temperature  so  far  as  the  body 
is  concerned  in  the  human  subject  may  be  placed  at  from  18  or  64.4  F to 
46  or  114.8  F. 

In  normal  conditions  there  seems  to  be  the  power  of  preserving  a 
constant  temperature.  This  is  found  even  in  the  cold  blooded  animals,  as 
in  the  case  of  the  female  python  compared  with  the  male  during  the  period 
of  incubation.  In  the  warm  blooded  animals  this  is  more  marked,  grow- 
ing with  the  development  of  the  animal.  In  the  embryo  chicken  we  find 
that  the  temperature  is  liable  to  change  as  in  the  cold  blooded 
animals  following  the  surroundings;  towards  the  latter  stages  of  the  em- 
bryonic life  the  tendency  to  preserve  normal  temperature  is  developed 
and  after  hatching  the  regulation  of  temperature  becomes  established  in 
the  body.  Edwards  says  that  young  mammals  are  either  warm  blooded 
or  cold  blooded  as  they  areableor  unable  to  preserve  the  temperature  of  the 
body  alone;  for  example  in  the  case  of  feathered  and  furred  animals  as 
compared  with  those  without  feathers  or  fur.  In  other  words  the  inability 
to  preserve  the  body  temperature  constant  depends  only  to  a slight  ex- 
tent upon  heat  loss,  depending  primarily  upon  heat  production  and  the 
means  of  preserving  its  continued  production  when  exposed  to  a cold 
medium.  In  connection  with  infants  and  immature  or  weakly  children 
we  find  the  inability  to  preserve  the  balance  of  the  temperature;  if  the 
weakness  or  immaturity  continues  the  power  of  preserving  body  tempera- 
ture is  limited,  whereas  if  in  development  the  child  is  normal,  when  the 
adult  stage  is  reached  the  perfect  power  of  maintaining  body  tempera- 
ture is  attained.  The  power  of  regulating  normally  the  body  tempera- 
ture is  thus  dependent  upon  deyelo-pnient.  This  takes  place Jargely  in 

connection  with  the  nervous  system  as  the  nervous  system  gains  control 
oyer  the  muscles  and  the  circulation  of  the  blood  throughout  the  body. 
rl  he  division  of  the  spinal  cord  or  the  administration  of  curari  or  chloral 
deprives  the  human  subject  of  the  power  of  regulating  the  body  temper- 
ature, becoming  subject  to  the  variations  of  the  surrounings  as  in  cold 
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blooded  animals.  That  the  nervous  and  muscular  systems  form  the  basis 
of  this  power  of  regulation  is  evident  from  the  hibernating- animals  whose 
muscles  and  nerves  lose  to  a larg-e  extent  their  tone  during  hibernation,  the 
tone  being-  resumed  after  hibernation,  when  exercise  is  resumed  and  the 
excessive  amount  of  C02  is  discharged  from  the  system.  The  mainten- 
ance of  the  normal  control  of  the  body  temperature  depends  therefore  up- 
on the  normal  condition  of  the  muscles  and  nerves.  The, body  is  produc- 
ing- and  losing-  heat  during  life  and  yet  the  body  temperature  is  pre- 
served constant  although  the  surroundings  vary,  indicating  that  there  is  a 
mechanism  for  preserving  the  balance.  It  is  only  when  there  are  changes 
either  in  the  heat  production  or  loss  that  the  temperature  rises  or  falls. 

It  is  not  necessary  that  if  heat  production  is  increased  the  temperature 
must  rise  as  the  loss  may  be  correspondingly  increased  so  that  tempera- 
ture equilibrium  may  be  preserved  when  heat  production  and  loss  are 
normal  and  when  they  are  increased  or  decreased  correspondingly.  If 
however  heat  production  is  normal  and  heat  loss  abnormal  or  vice-versa, 
there  is  a change  of  body  temperature.  It  has  been  supposed  that  body 
temperature  dependsupon  the  changes  in  heat  production.  This  how- 
ever is  incorrect.  In  pyrexia  the  rise  in  temperature  is  generally  due_to 
increased  heat  production.  It  may  also  Be  due  to'diininished  heat  loTs. 
The  change  in  body  temperature  ^simply  indicates  that  the  balance 
of  heat  pToduefTbn  and  heat  loss  is  interfered  with. 

Experiments  have  proved  that  injuries  in  the  brain,  particularly  pro-  • 
duced  by  puncture,  will  increase  the  body  temperature,'  this  increase  be- 
ing marked  by  increased  metabolism  indicated  by  an  increase  of  O con- 
sumption and  C02  excretion.  This  forms  the  basis  of  the  existence  of  a 
nervous  heat  center  in  the  brain.  The  pyrexia  conditions  represent- an 
increase  varying-  from  39  to  44  degrees,  but  these  temperatures  cannot 
last  long  without  affecting  the  body.  Sometimes  the  increase  in  temper- 
ature arises  in  connection  with  some  local  disturbance  as  in  specific  di- 
seases or  it  may  arise  in  connection  with  some  germ  or  foreign  substance. 

In  these  fevei'ed  conditions  there  is  an  increase  in  the  O consumption  and 
C02  production,  indicating  tissue  changes  and  also  increased  ure 
production,  ndicating  metabolism  in  connection  with  the  nitrogen- 
ous food  elements.  These  conditions  involve  waste.  In  some  diseased 
conditions  there  is  a fall  of  temperature  most  generally  due  to  decreased 
metabolism  and  lessened  heat  production.  This  is  indicated  by  the  fact 
that  in  case  of  starvation  there  i»  a marked  temperature  fall,  becoming- 
more  marked  as  death  approaches,  the  lower  temperature  increasing  the 
rapidity  of  the  approach  of  death.  To  preserve  the  temperature  equili- 
brium and  restore  it  when  disturbed  involves  the  exercise  of  a special 
heat  mechanism  which  we  will  discuss  later. 

SECTION  III.  Temper  attire  of  Ike  Different  Parts 

of  the  Body. 

The  quantities  of  heat  produced  and  lost  in  the  different  parts  of  the 
body  vary.  The  circulation  of  the  blood  tends  to  equilibrate  the  temper- 
ature of  the  different  parts,  but  this  is  not  accomplished  absolutely,  so 
that  there  is  a varying  internal  temperature*.  As  the  results  in  connec- 
tion with  the  thermometer  vary  in  different  conditions  great  care  must  be 
taken  to  make  accurate  observations.  The  rectum  affords  a most  conven- 
ient means  of  estimating  the  internal  temperature  of  that  part  of  the  body. 
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The  same  is  true  of  the  vagina,  the  uterus  and  the  bladder.  To  estimate 
the  general  internal  temperature  it  is  convenient  to  place  the  thermom- 
eter in  the  urine  stream  as  it  passes  from  the  urethra,  although  thismcth- 
od  does  not  give  absolute  accuracy  as  heat  is  lost  by  radiation  in  connec- 
tion with  the  urine  flow.  At  the  axillae  is  found  one  of  the  most  easily 
accessible  and  generally  constant  places  for  taking  the  tempearture,  pro- 
vided the  axillae  are  kept  closed  so  as  to  prevent  the  evaporation  of  heat. 
The  mouth  has  also  been  commonly  chosen  as  a suitable  part  for  estimat- 
ing temperature  but  in  connection  with  the  mouth  there  is  liable  to  be 
loss  of  heat  on  account  of  the  action  of  the  air  in  inspiration  and  expira- 
tion. This  makes  the  mouth  subject  to  much  local  variation  in  tempera- 
ture. Sufficient  time  must  be  allowed  in  placing  the  thermometer  in  any 
of  these  positions  to  allow  of  its  becoming  steady;  three  or  four  minutes 
in  the  rectum,  vagina  or  in  connection  with  the  uterus  and  bladder;  seven 
or  eight  minutes  in  the  mouth  and  nine  or  10  in  the  axillae.  The  rectal 
temperature  represents  about  .3  or  .4  above  that  of  the  mouth  or  axillae, 
sometimes  however  the  mouth  is  found  to  represent  a higher  temperature 
as  is  the  case  after  eating,  probably  due  to  increased  exercise  of  the 
deglutition  and  buccal  muscles  and  the  increased  blood  flow.  Severe  ex- 
ercise has  been  found  to  lower  considerably  the  mouth  temperature  and 
to  raise  the  axillae  temperature,  the  respiratory  activity  cooling  the  mouth 
and  warming  the  axillae  by  an  increased  circulation  of  the  blood.  In  or- 
der to  estimate  the  highest  internal  temperature  an  out-flow  thermometer 
is  swallowed  so  that  when  it  is  excreted  and  placed  in  water  the  water 
can  be  slowly  heated  to  the  point  of  out-flow.  This  will  represent  the 
highest  body  temperature  internally.  In  the  case  of  a dog  it  has  been 
found  to  be  39.2  degrees,  while  the  rectal  temperature  was  found  to  be 
37.9  degrees. 

Body  heat  is  produced  chiefly  in  connection  with  oxidation  of 
the  muscles  and  glands,  while  heat  is  lost  chiefly  from  the  external 
surface  of  the  body.  This  produces  a gradually  increasing  temperature 
from  the  skin  surface  to  the  interior  of  the  body  and  the  internal  organs. 
The  difficulty  of  representing  the  internal  temperature  is  found  in  the 
fact  of  heat  radiation  and  conduction.  There  is  great  difference  in  the 
observed  temperatures  of  the  different  parts  of  the  body  chiefly  due, 
aside  from  errors  of  observation,  to  the  variation  in  the  blood  circulation 
in  different  parts  at  different  periods  of  time.  Some  have  stated  that  the 
mouth,  axillae  and  rectal  temperatures  are  the  same.  The  majority  of 
the  observations,  however,  place  the  axillae  temperature  lower  or  higher 
than  the  mouth  and  the  rectal  temperature  higher  than  the  axillae  and 
mouth  from  .3  to  .6  degrees.  The  general  conclusion  may  be  taken  as  set- 
tled that  the  rectal  temperature  is  highest,  whereas  the  mouth 
and  axillae  temperatures  vary  considerably  at  different  times  so  that  they 
may  be  regarded  as  about  equal.  In  the  case  of  the  dog  experiments  have 
placed  the  temperatures  as  follows:  rectum  38,  liver*38.2,  right  ventricle, 
stomach  and  abdominal  aorta  38.3,  portal  vein  38.6  to  40  and  hepatic  vein 
40.6.  In  the  case  of  lambs  just  dead  the  rectum  temperature  is  40  to  41, 
brain  40  to  41,  right  ventricle  40  to  41,  left  ventricle  41  to  41.7,  liver  and 
lungs  41.5. 

Much  discussion  has  taken  place  in  regard  to  the  blood  temperature. 
r\  his  arose  from  the  ancient  physiological  idea  that  the  heart  was  the 
producing  cause  of  the  body  temperature.  Lavoisier  experimented  in 
this  connection  with  the  conclusion  that  the  heat  production  took  place  in 
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the  passage  of  the  blood  through  the  lungs  and  other  internal  bods' 
organs.  The'  conclusion  of  Berthelot  is  that  heat  is  produced  in  the  pas- 
sage through  the  lungs  in  the  union  of  O and  haemoglobin.  In  regard  to 
the.  variation  between  the  arterial  and  venous  blood  Bernard  after  com- 
paring and  classifying  the  experiments  of  his  predecessors  and  himself 
concluded  that  where  in  the  living  animals  he  introduced  the  thermometer 
into  the, blood  through  the  vessels  in  the  neck  the  blood  of  tin-  b-ft  vom.-b-u. 
is  J.  to  .2  degrees  cooler  than  that  of  the  rivht  ventricle.  The  older  ex~ 
peluments  he  says  were  incdrrect  because  of  the  opening  and  exposure  of 
the  chest  and  thoracic  organs,  the  right  ventricle  cooling  more  rapidly 
than  the  left  on  account  of  its  thin  walls.  Heidenhain  without  opening 
the  thoracic  cavity  inserted  thermo-electric  needles  into  the  left  and 
right  ventricles  through  the  carotid  artery  and  the  jugular  vein,  in  the 
carotid  it  is  from  .3  to  2 degrees  higher  than  in  the  jugular  vein.  In  all  the 
experiments  except  one  he  found  the  left  side  of  the  heart  cooler  than  the 
right,  the  blood  being  cooled  in  passing-  through  the  lungs  during- respir- 
ation. In  order  to  test  the  effect  of  air  upon  the  temperature  of  the 
blood  he  used  hot  air  at  40  degrees  and  cold  air  at  17  degrees  for  artificial 
respiration  with  the  result  that  the  difference  between  the  temperature 
of  the  arterial  and  venous  blood  remained  unchanged.  .Thus  the  left 
ventricle  is  cooler  th a n tli.p_riprhtT- the  walls  of  the  latter  being  closer  to  th e 
liver  and  the  abdominal  viscera,  while  the  walls  of  the  former  are  ad  ja- 
cent  to  the  lungs,  so  that  the  difference  depends  upon  proximity  to  warm- 
er and  cooler  body  organs.  Others  say  the  difference  is  due  to  the  more 
active  oxidation  processes  in  arterial, blood  heat  being  found  in  connection 
with  the  oxy-haemoglobin  formation.  The  superficial  skin  temperature 
shows  considerable  variations  in  different  parts  of  the  body  surface,  the  var- 
iations depending  upon  external  surroundings  includingtemperature,  cloth- 
ing, blood  supply  and  free'  or  retarded  evaporation.  The  averge  blood 
temperature  is  about  39  degrees,  the  warmest  blood  being  found  in  the 
hepatic  yein  and  the  coldest  at  the  exposed  parts  of  the  body, 
ears,  nose,  etc.  being  as  low  as  26  degrees.  In  the  circulation  of  the  afi t- 
erial  and  venous  blood  away  from  the  heart  the  venous  blood  in  connect- 
ion with  the  internal  viscera  is  warmer  than  the  arterial  blood,  but  in  the 
peripheral  regions  the  arterial  blood  is  warmer.  The  blood  in 
the  arteties  is  usually  warmer  than  that  in  correspond- 
ing- veins,  the  crural  artery  being  from  .75  to  one  degree  higher  than  the 
corresponding  vein.  The  hepatic  vein  is  from  one  to  two  degrees  higher 
than  the  portal  vein  during  digestion  and  .6  higher  than  during  the  inter- 
vals of  digestion.  This  is  due  to  the  superficial  position  of  the  veins  and 
to  the  fact  that  the  superficial  veins  are  constantly  giving  off  heat.  The 
blood  that  is  warmest  is  that  of  the  hepatic  vein  chiefly  on  account  of  the 
activity  of  the  liver  in  the  metabolic  and  secretory  processes  and  the 
closely  protected  position  of  the  liver.  The  blood  as  it  leaves  the  muscle 
during  rest  is  .2  and  during  activity  .7  degrees  warmer  than  that  enter- 
ing the  muscle. 

The  ordinary  thermometer  is  not  satisfactory  in  measuring  surface 
temperature  because  there  is  a loss  and  gain  of  heat  from  exposure  and 
contact.  In  order  to  get  satisfactory  results  the  thermoelectric  me- 
thod is  adopted.  Some  object  to  the  resistance  thermometer  on  account 
of  the  complicated  apparatus  and  also  on  account  of  the  fact  that  the 
slightest  animal  motion  affects  the  galvanometer.  For  this  reason  most 
of  the  experiments  have  been  made  with  the  flat  mercurial  thermometer 
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covered  with  a non-conductor.  The  thermo-electric  method  enables  us 
to  find  out  the  temperature  with  accuracy  and  rapidity.  The  thermo- 
electric galvanometer  consists  of  a circular  magnet  hanging  from  a silk 
thread  to  which  is  attached  a small  mirror.  There  is  a fixed  bar  magnet 
close  to  the  circular  one,  the  N poles  of  both  magnets  pointing  in  the  same 
direction  Around  the  circular  magnet  is  coiled  a thick  copper  wire  the 
ends  of  the  wire  being  soldered  to  two  thermo-elements  consisting 
each  of  two  metals,  the  two  free  ends  being  connected  so  that  the  entire 
copper  wire  and  elements  form  a complete  circuit.  A horizontal  scale  is 
placed  three  meters  away  from  the  mirror  the  scale  resting  on  a telescope 
pointing  towards  the  mirror  so  that  accurate  observations  can  be  made. 
The  two  thermo-electric  needles  are  then  placed  in  the  tissues  or  one  in 
the  tissue  substance  and  another  in  a bath  of  constant  temperature,  so 
that  the  difference  between  the  surface  temperature  and  the  constant 
heat  source  can  be  obtained.  In  this  way  by  connecting  these  needles 
with  the  circuit  an  exact  estimate  can  be  formed  of  the  temperature.  In 
connection  with  these  experiments  the  temperature  of  different  parts  has 
been  found,  Kunkel  concluding  that  the  temperature  of  the  superficial 
skin  is  almost  constant  so  that  body  temperature  would  be  affected  only 
very  slightly  by  skin  temperature.  The  other  temperatures  are,  forehead 
and  cheek,  arm,  sternum,  rig-ht  iliac  fossa  34.1  to  34.4,'  lobe  of 
the  ear  28.8,  back  of  the  hand  32.5  to  33.2,  palm  of  the  hand  when  open 
34.4  to  34,8,  when  closed  34.8  to  35,  wrist  33,  forearm  33.7  to  34,  over  the 
heart  34.6,  back  and  thigh  34.2  to  34.5.  Exposure  to  cold  reduced  the 
temperatures  slightly  and  muscular  exercise  of  the  arm  increased  the 
temperature  of  the  arm.  The  highest  temperature  found  on  the  surface 
of  the  skin  was  on  the  face,  35.6.  The  forehead  and  the  parietal  temper- 
ature is  higher  than  the  occipital.  The  superficial  temperature  on  the 
right  side  of  the  head  is  colder  than  on  the  left.  The  superficial  temper- 
ature is  lower  away  from  the  arteries  than  over  the  arteries;  it  is  lower 
over  organs  of  the  body  that  are  less  active. 

In  connection  with  the  stomach  the  temperature  is  lowered  during 
digestion^  In  the  celebrated  SaiTlt  Martin  case  Beaumont  says  that  by 
introducing  the  thermometer  into  the  stomach  through  the  gastric  fis- 
tula the  temperature  stood  at  37.8.  The-  heat  of  the  organs  or  tissues 
depends  upon  the  extent  of  the  tissue  metabolism,  the  amount  of  blood 
and  the  protective  or  exposed  position  of  the  organ  or  tissue.  According 
to  Heidenhain  the  warmest  part  of  the  body  is  the  cerebrum,  but  accord- 
ing to  Bernard  the  liver  is  the  warmest  organ,  then  following  the  brain, 
the  glands,  the  muscles  and  the  lungs.  As  the  different  parts  of  the 
body  vary  in  temperature  there  must  be  a continuous  transmission  of 
heat  from  the  warmer  parts  to  the  colder  in  order  to  maintain  body  equi- 
librium. 4 he  distribution  of  heat  in  this  wav  takes  place  both  by  radia- 
tion and  by  the  circulation  of  the  blood  and  lymph.  With  these  complete 
means  of  heat  transmission  however  body  heat  equilibrium  is  not  evenly 
distributed,  the  internal  being  warmer  than  the  external  and  the  more  ac- 
tive warmer  than  the  less  active  internal  organs.  It  is  in  the  muscles  that 
the  largest  amount  of  heat  is  liberated  resulting  from  the  chemical  chan- 
ges taking  place  in  these.  In  connection  with  the  nerve  centers  in  the 
liver  and  other  fluids  of  the  body  there  is  also  a large  heat  production. 
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SECTION  IV. 


Influences  That  Aflfect  the  Body 
Temperature. 


The  mean  body  temperature  is  subjected  to  a great  number  of  varia- 
tions these  depending-  upon  certain  conditions  associated  with  day  and 
night,  ag-e,  constitution,  diet,  etc. 

1.  There  is  a Diurnal  Variation. — The  temperature  of  the  body 
is  subject  to  regular  daily  variations  from  one  to  two  degrees,  the  maxi- 
mum from  five  to  eight  p.  m.  and  the  minimum  from  there  to  six  a.  m. 
These  variations  are  marked  by  certain  rhythmical  changes  taking  place, 
these  rhythmic  changes  being  unaffected  or  only  slightly  by  lack  of  food. 
These  diurnal  variations  correspond  with  the  pulse  rate.  At  the  mini- 
mum of  pulse  and  body  temperature  there  is  the  tendency  on  the  part  of 
the  sick  to  become  weaker  and  to  yield  up  life.  The  temperature  rises  in 
the  morning  and  in  the  afternoon  and  it  goes  down  in  the  evening  and 
eai'ly  in  the  morning.  The  observations  indicate  a very  marked  differ- 
ence in  different  individuals.  On  tabulating-  the  results  of  observations 
the  maximum  variation  is  found  to  fluctuate  much  more  than  the  mini- 
mum. This  arises  chiefly  from  the  fact  that  before  reaching  the  maxi- 
mum there  is  a variation  of  rise  and  fall  in  the  temperature.  This  vari- 
ation in  the  approach  to  the  maximum  cannot  be  explained.  Variations  in 
the  daily  temperature  may  be  explained  largely  on  the  basis  of  difference 
in  meals  and  in  the  time  of  meals,  as  well  as  the  age  and  condition  of  the 
body.  Such  variations  so  far  as  investigations  have  gone  seem  to  exist 
among  all  races  of  people  to  a greater  or  less  degree.  In  regard  to  the 
producing  causes  of  ' these  variations  the  chief  are  associated 
with  diet  and  muscular  excercise.  The  period  of  body  activity  is  during 
the  day,  and  so  much  is  this  true  that  it  has  been  found  in  the  case  of 
those  working  during  the  night  that  the  variations  are  reversed,  the 
minimum  being  found  in  the  evening  and  the  maximum  in  the  morning.  In 
the  case  of  wakefulness  during  the  night  without  active  manual  exercise 
it  has  been  found  that  the  same  effect  results  to  a lesser  degree.  Mosso 
experimented  in  connection  with  normal  workers  who  rested  during  the 
night  and  with  those  who  slept  during  the  day  working  during  the  night. 
At  first  there  was  no  marked  change  in  the  variation  of  the 
maximum  and  minimum  temperatures  but  as  habit  began  to  accustom  the 
individual  to  the  inverted  order  the  variations  began  to  follow  the  order 
of  work.  The  main  cause  then  is  the  exercise  and  work  of  the  individu- 
al. In  addition  to  this  body  temperature  is  materially  affected  by  the  ex- 
ternal temperature  of  the  surroundings,  the  rise  and  fall  following  to  a 
greater  or  less  extent  the  rise  and  fall  in  external  temperature.  Habit 
has  a decided  influence  upon  temperature,  so  strong  is  it  that  an  incidental 
change  in  the  food  or  the  time  of  meals,  or  even  bv  fasting,  or  an  inciden- 
tal exchange  of  sleep  and  wakefulness  does  not  interfere  with  the  varia- 
tiens  in  temperature.  So  strongly  does  habit  influence  these  periods  of 
temperature  rise  and  fall  that  the  digestive  and  metabolic  processes  be- 
come fixed  habits  associated  with  the  body,  these  habits  being  difficult  to 
change.  Even  in  the  case  of  a person  used  to  work  during  the  day  if  he 
suspends  this  work  and  rests  for  a day  there  is  little  if  any  variation  f 1 om 
the  normal  temperature.  It  is  claimed  by  some  that  the  same  dun  nal 
variations  are  found  among  different  animals,  for  example,  in  the  hoi  se, 
the  minimum  being  in  the  mor 
in  the  evening  from  about  6 p 


»rning  from  about  4 a.  m.,  and  the  maximum 
. m.  The  same  thing  is  said  to  be  true  of 
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the  cow  and  cat.  This  variation  then  seems  to  be  found  associated  with 
most  animals  dependiug  upon  the  variation  in  the  activity  of  the  tissues 
and  org-ans  of  the  body,  representing- the  activity  of  such  organs  as  the 
heart,  the  lungs,  the  liver  and  the  muscles  in  general. 

2.  Age  and  Sex. — The  temperature  of  the  newly  born  animal  is  gen- 
erally higher  than  that  of  its  parent,  but  as  we  said  it  is  much  less  con- 
stant being  liable  to  very  g'reat  variation;  so  much  so  is  this  that  in  the 
case  of  newly  born  animals  if  removed  from  their  warm  surroundings 
and  left  to  themselves  they  lose  heat  quickly  till  a point  is  reached  slight- 
ly  above  the  atmosphere.  Edwards  found  that  this  is  not  true  however  of 
all  newly  born  animals.  In  the  case  of  young  guinea  pigs  they  are  able 
to  preserve  their  temperature  if  not  suddenly  exposed  to  a very  low  tem- 
perature. Hence  he  says  there  are  among  the  new-born  animals  those 
that  are  warm  bloooded  and  others  that  are  cold  blooded.  The  former 
class  of  animals  is  entirely  dependent  upon  their  surroundings  having  no 
covering,  being  born  blind,  the  foromen  ovale  remaining  open  a few  days 
and  being  in  a helpless  condition;  whereas  the  latter  at  birth  can  see, 
have  a covering  naturally  for  the  skin  and  manifest  considerable  activity. 
In  the  case  of  premature  birth  it  is  found  that  animal  heat  varies  more 
considerably.  While  unable  to  explain  the  causeof  the  difference,  Edwards 
showed  that  the  difference  wasnotdue  to  the  comparative  size  of  the  superfi- 
cial body  surface,  or  even  to  the  absence  of  a covering- from  the  skin,  as  he 
proved  that  in  the  case  of  some  birds  the  body  temperature  can  be  main- 
tained, even  in  the  absence  of  feathers.  In  the  case  of  the  human  infant 
many  experiments  and  observations  have  been  made.  The  surface  body 
area  and  skin  evaporation  of  heat  account  for  only  a small  part  of  the  heat 
loss.  Experiments  in  connection  with  hot  and  cold  baths  led  Raudnitz  to 
conclude  that  the  difference  depended  upon  the  perfect  or  imperfect  de- 
velopment of  the  power  of  regulating  the  body  temperature.  In  uterothc 
foetal  temperature  is  slightly  above  the  maternal  uterus.  At  the  period 
of  birth  the  normal  rectal  temperature  is  about  37.8  degrees,  about  .lto.3 
of  a degree  above  the  maternal  vagina.  Very  soon  the  temperature  falls 
almost  one  deg-rec  within  a few  hours,  after  which  it  gradually  rises  ag'ain 
to  about  37.46  and  remains  comparatively  constant  about  37.6,  although 
the  normal  variations  are  much  more  irregular  in  children  than  in  adults, 
the  variations  being  altered  by  bathing,  crying,  sleeping  etc.  From  the 
period  of  birth  to  the  change  of  life  represented  by  puberty  there  is  a 
fall  of  about  .2,  from  puberty  to  about  30  years  of  ag-e  another  fall  of  .2 
takes  place,  about  37.1  being  the  adult  temperature.  After  35  the  tem- 
perature begins  again  to  rise,  according  to  Wunderlich,  gradually  ap- 
proaching, as  senility  advances  during-  the  second  childhood,  the  infantile 
temperature  again.  It  is  generally  agreed  that  after  45  it  goes  down  till 
about  65  when  it  reaches  36.8  and  then  gradually  advances  till  about  80  it 
is  37.4  degrees.  Most  physiologists  agree  that  in  old  age  the  tempera- 
ture is  slightly  higher  than  during  the  adult  condition,  although  Charcot 
says  that  he  rarely  found  in  old  people  a temperature  above  that  of  the 
adult.  This  however  is  due  partly  to  the  fact  that  Charcot  measured  the 
temperature  at  the  axillae  where  on  account  of  the  debilitated  circulation 
of  the  blood  the  temperature  is  lower  than  in  the  rectum.  This  has  been 
confirmed  by  many  recent  experiments,  in  which  the  rectal  temperature 
represented  a much  higher  temperature  than  that  of  the  axillae  in  old 
people.  In  the  case  of  sex  it  is  claimed  by  some  that  the  male  has  a 
slightly  higher  temperature  than  the  female,  although  the  difference  so 
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far  as  noted  has  been  but  slight.  Wunderlich  states  that 
difference  is  noticeable  between  the  sexes;  the  females  have  a s'lifrhtlv 
highei  temperature  butthis  as  he  states  is  due  to  the  fact  that  their  tem- 
perature is  more  subject  to  variation.  Davy  whose  conclusions  are  the 
opposite  of  this  rests  his  conclusions  upon  only  a few  examples.  Recent 

observations  upon  animals  seem  to  indicate  that  the  female  is  slightly  in 

advance  of  the  male  temperature,  not  howeeer  exceeding-  half  a degree. 
Normally,  menstruation  and  preg-nancy  do  not  seem  to  affect  the  tempera- 
ture ol  healthy  persons.  During  parturition  there  is  a slight 
use  in  tempei ature  but  this  is  accompanied  by  variations,  indicating  fall 
and  rise  of  temperature  followed  by  a fall  in  temperature  after  parturi- 
tion. Associated  with  age  and  sex  are  variations  due  to  individual  pecul- 
lai  ities.  It  has  been  remarked  that  individuals  represent  varying  tem- 
peratures; the  variations  depending  upon  individual  eccentricity,  the  vari- 
ation being  from  36.25  to  37.5,  temperament  and  disposition  as  well  as  the 
individual  organism  accounting  for  these  individual  variations.  Connec- 
ted with  the  individuals  variationsare  racial  variations.  Those  who  inhabit 
tropical  countries  have  a slightly  higher  temperature  than  thoseof  cold  or 
temperate  regions,  the  difference  being  due  mainly  to  climat  variations. 
That  this  is  so  has  been  proved  by  comparison  of  the  temperatures  of 
residents  in  tropical  regions  who  have  formerly  inhabited  the  temperate 
and  colder  climates,  with  the  result  that  there  is  an  increase  during  the 
tropical  residence  of  .6  to  .7  of  a degree. 

3.  Psychic  I x flue  ntce. — Psychic  influence  representing  men  talactivity 
has  an  effect  upon  body  temperature  both  generally  and  locally  in  the 
brain.  Davy  experimenting  upon  himself  found'  that  mental  effort  varied 
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his  temperature  .25  and  1 degree  in 
This  rise  in  temperature  was  produced  by  excil 
tion.  This  observation  has  been  disputed  by  A1 


regions. 


and  in  tropical 
excited  and  sustained  atten- 
tion. This  observation  has  been  disputed  by  Allbutt,  although  more  re- 
cent experiments  have  proved  the  truth  of  Davy’s  statement!  The  emo- 
tions as  well  as  the  passions  increase  body  temperature,  while  fear  or 
mental  trouble  produce  a lowering  of  temperature.  In  the  case  of  tre- 
phining a skull,  it  was  found  by  using  the  thermometer  that  mental  exer- 
cise increased  the  temperature  .2  or  .3  of  a degree. 

Mosso  has  claimed  that  great  mental  activity  produces  intense  heat 
increasing  the  brain  temperature  considerably  above  the  axillae  and  rec- 
tal temperatures.  In  a dog  subjected  to  curari  it  has  been  found  that 
by  the  use  of  cocaine  the  brain  temperature  can  be  raised  three  or  four 
degrees.  Lombard  claims  that  the  effect  of  mental  action  is  to  increase 
the  temperature  of  the  occipital  brain  region.  Mosso  claims  that  this  was 
due  to  the  increase  of  cell  activity.  As  we  have  seen  however  there  is  an 
increase  circulation  in  definite  brain  areas  and  to  this  is  due  in  connect- 
ion with  the  vascular  brain  variation  in  all  probability  the  increased  tem- 
perature. It  is  claimed  that  the  venous  blood  in  the  brain  is  less  venous 
in  character  than  the  normal  venous  blood  of  the  body,  indicating  the 
slight  metabolic  activity  of  the  brain.  The  brain  temperature  does  not 
seem  to  vary  much  from  the  blood  temperature  as  it  circulates  through 
the  brain.  There  are  constant  changes  in  the  circulation  of  the 
blood  through  the  brain  and  these  are  associated  with  definite  vascular 
variations,  si)  that  the  heat  arises  in  all  probability  from  the  blood  and 
not  from  the  substance  of  the  nervous  tissue  cells  in  the  brain.  In  the 
case  of  sleep  we  find  the  regularity  of  circulation  and  of  the  vascular 
variations  of  the  brain.  This  represents  a condition  of  relative  inactivity 
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and  rest  so  that  the  body  temperature  falls  during-  the  nig-ht  and  in  the 
early  morning-.  It  is  claimed  that  sleep  lowers  the  temperature,  cases 
being-  cited  in  which  during-  the  day  persons  who  have  slept  have  lost  al- 
most half  a degree  in  body  temperature.  This  it  is  claimed  however  by 
others  is  due  not  to  sleep  but  to  a resting  condition  of  the  body.  Inactiv- 
ity or  rest  results  in  a fall  of  temperature  and  this  seems  to  be  increased 
by  sleep  especially  if  the  habit  becomes  general  so  that  sleep  may  be  said 
to  lessen  the  body  temperature  slightly.  This  of  course  will  depend  up- 
on the  psychic  condition,  for  if  .it  represents  a disturbed  mental  condi- 
tion, such  as  we  find  in  dreams,  then  the  fall  in  temperature  may  not 
accompany  sleep. 

4.  Food  and  Exercise. — Food  produces  an  increase  in  body  temper- 
ature. This  is  true  of  the  meals  of  the  morning  and  midday  and  to  a 
Certain  extent  of  the  evening  meals  as  in  this  last  case  it  puts  off  the  fall 
in  temperature  to  a later  period  of  night.  The  maximal  effect  is  not  pro- 
duced at  once  in  connection  with  the  meal  but  when  the  process  of 
digestion  becomes  active  an  hour  or  two  after  taking  a meal.  If  cold  water 
is  taken  along  with  the  food  the  effect  is  to  keep  the  temperature  from 
rising.  Some  physiologists  claim  that  the  food  furnishes  the  principal 
cause  of  the  variation  in  the  body  temperature,  claiming  that  in  the  case 
of  animals  deprived  of  fpod  during  the  day  and  fed  during  the  night  the 
fall  in  temperature  in  early  morning  gives  place  to  a rise  in  temperature. 
This,  however,  has  been  denied  by  others  who  hold  that  the  rise  and  fall 
of  temperature  represent  periodic  variations  in  the  temperature 
and  that  while  slight  modifications  may  take  place  the  variations  can  not 
be  great.  Bernard  believes  that  body  temperature  is  increased  from  the 
internal  organs  during  digestion,  for  example  in  the  liver  there  is  an  in- 
crease in  temperature  while  digesiion  is  active,  representing  a variation 
in  the  beginning  of  digestion  and  when  digestion  is  very  active  of 
from  two  degrees  in  the  portal  vein  to  three  degrees  in  the  hepatic  vein. 
This  represents  an  increase  of  half  a degree  in  the  heat  of  the  blood  on 
the  right  side  of  the  heart.  During  the  deprivation  of  food  there  is  a 
gradual  fall  of  temperature,  the  diurnal  variation  becoming  more  irregular, 
until  just  before  death  takes  place  when  there  is  a sudden  and  great  fall 
in  temperature.  This  fact  observed  uniformly  among  animals  seems  to 
be  disproved  in  the  celebrated  case  of  Dr.  Tanner.  After  fasting  30 
days  there  was  no  fall  of  temperature,  on  the  30th  day  the  temperature 
being  37  degrees  in  the  mouth.  This  is  explained  by  the  fact  that  water 
was  taken  freely  continuing  the  metabolic  activity.  It  seems  certain  that 
active  digestion  increases  the  internal  temperature  from  .2  to  .3  degrees 
at  least  slightly  and  this  increase  if  distributed  over  the  body  will  at  least 
slightly  increase  the  body  temperature.  This,  however,  it  is  claimed  by 
some  is  due  rather  to  the  activity  in  the  muscular  exercise  of  the  internal 
body  organs  than  to  the  food.  Ai^  insufficient  diet  results  in  a fall  of  tem- 
perature while  an  increased  diet  especially  if  rich  in  fats  and  carbo- 
hydrates increases  the  tamperature.  Everything  that  tends  to  increase 
metajinlism-weerhs  InTavor.an  increase  of  temperature,  for  example,  brain, 
gland,  muscle^ activity  all  produce  more  heat. 

We  know  that  muscular  activity  increases  the  production  of  heat. 
At  the  same  time  there  is  a large  amount  of  heat  lost  and  this  produces 
equalization  of  temperature  at  least  gradually.  The  influence  therefore 
of  muscular  exercise  depends  upon  the  power  of  regulation  and  the  power 
of  compensating  for  heat  gained  by  heat  loss.  Davy  has  experimented 
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freely  upon  himself  in  this  respect  in  connection  with  active  work  indica- 
ting- an  increase  varying  from  .3  to  one  degree.  Even  in  the  case  of  work 
done  when  the  external  surroundings  are  cold  there  is  found  to  he  a 
slight  inci ease  in  body  temperature.  Several  experiments  have  test- 
ed the  effect  of  mountain  climbing  attesting  the  truth  of  this  statement 
the  variations  being  found  from  .85  to  1.45  degrees.  Opposite  conclusions 
are  reached  by  other  experiments  particularly  in  the  ascent  of  Mt.  Blanc 
during  which  the  temperature  gradually  fell,  Lortet  explaining  the  fall 
by  the  fact  that  the  heat  which  should  have  gone  to  maintain  body  tem- 
perature was  expended  in  motion  and  locomotion  This  is  accounted  for 
by  the  fact,  however,  that  the  fall  in  temperature  was  marked  at  the 
mouth  where  on  account  of  the  free  breathing  of  the  cold  mountain  breeze 
the  temperature  was  really  below  the  body  temperature,  a short  time  of 
rest  restoring  the  body  temperature  to  its  normal.  Following  this  the 
experiment  was  tested  by  two  experimenters  who  ascended  Mt.  Jura 
with  the  result  that  by  testing  the  rectal  temperature  a decided  rise  in 
temperature  was  noticed.  This  seems  to  be  an  established  conclusion  in 
regard  to  muscular  exercise,  that  an  increase  is  noticed  pypn  on 
very  slight  muscular  exertion.  TheTeat  of  the  body  thus  depends  upon 
the  variation  in- the  warmth  of  the  blood,  depending  upon  the  active  cir- 
c illation  and  location  of  the  blood.  This  in  turn  depends  upon  chemical 
changes.  The  tissue  changes  are  all  chemical  changes,  these  resulting 
in  the  setting  free  of  heat.  The  amount  of  heat  liberated  can  be  estim- 
ated as  the  oxidation  process  always  produces  a certain  amount  of  heat. 
All  the  chemical  changes  of  the  body  produce  heat  in  some  form,  the  car- 
bonic oxidation  resulting  in  the  production  of  CO?  being  the  chief  source. 
This  is  proved  by  the  fact  that  the  variation  in  temperature  depends  on 
the  amount  of  CO?  excreted.  Body  heat  depends  on  the  mechanical  acti- 
vity, also,  muscle  movements,  locomotion,  friction  and  general  body  acti- 
vity producing  heat.  The  muscles  represent  the  organ  in  which  the 
greatest  amount  of  heat  is  produced.  This  is  proved  by  the  fact  that  the 
blood  leaving  the  muscle  is  warmer  than  that  entering  it  and  also  by  the 
active  changes  taking  place  in  the  muscle  itself.  1 he  nervous  system, 
especially  the  centers,  and  the  various  gdands  of  the  body  are  also  heat 
generators.  The  increase  of  respiratory  activity  in  connection  with 
bodily  or  mental  exercise  and  the  digestion  of  food  marks  the 
generation  of  heat  and  therefore  a rise  in  body  temperature.  Where  O 
absorption  and  CO?  exhalation  are  decreased  there  is  a fall  in  body  tem- 
perature. In  the  case  of  muscular  exercise  the  rise  in  temperature  takes 
place  in  connection  with  the  muscle  substance.  Bv  introducing-  a thermo- 
electric needle  into  the  biceps  muscle  in  the  case  of  a man  who  had  been 
actively  working  for  a short  time  there  was  a decided  rise  of  2 degrees  in 
temperature.  In  the  case  of  a frog’s  muscle  even  after  the  removal  from 
the  body  there  was  an  O absorption  and  CO,  excretion  and  a rise  in  tem- 
perature following  artificial  stimulation  to  contraction. 

5 Influence  of  the  He\kt  Beat  and  the  Blood. — There  is  a 
close  connection  between  the  heart  beat  and  the  body  temperature.  'The 
same  relation  has  been  observed  between  the  body  temperature  and  the 
daily  pulse  variations,  indicating-  the  close  relation  of  the  heart  rhythm  and 
the  blood  circulation  in  connection  with  the  temperature  of  the  body.  It 
has  been  pointed  out  by  Aiken  that  for  every  increase  of  one  degree  F in 
excess  of  the  normal  temperature  there  is  an  increase  of  10  heart  beats 
per  minute.  Other  observations  have  indicated  that  with  the  increase  of 
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the  temperature  about  37  degrees  the  pulse  rate  increase  is  not  constant, 
varying-  from  8 to  28  beats  per  minute  of  an  increase.  Some  recent  ex- 
periments  have  indicated  that  with  the  decrease  of  body  temperature 
there  may  be  a rise  in  the  pulsation  rate.  The  result  is  that  no  principle 
can  be  laid  down  in  reg-ard  to  the  relation  of  the  heart  beat  and  the  tem- 
perature. The  blood  has  a more  definite  influence  upon  the  temperature, 
particularly  in  the  case  of  parts  of  the  body.  The  heat  of  different  parts 
of  the  body  depends  upon  the  amount  of  blood  and  also  the  rapidity  of  its 
circulation  through  that  part  of  the  body.  This  is  well  illustrated  in  the 
case  of  a cold  compared  with  a warm  hand.  For  example  in  the  case  of 
increasing-  or  diminishing-  the  blood  supply  to  the  arm  by  simply  lowering 
or  raising-  the  arm  there  is  an  effect  in  the  arm  heat.  It  has  been  ob- 
served that  by  keeping-  the  arm  in  an  elevated  position  there  is  a tendency 
to  lower  the  temperature  of  the  hand,  the  fall  in  temperature  depending 
on  the  leng-th  of  time  during-  which  the  arm  is  kept  elevated.  By  com- 
pressing- the  axillary  artery  the  temperature  of  the  biceps  muscle  falls 
considerably.  Similarly  the  lig-ature  of  the  crural  artery  produces  a fall 
in  temperature.  In  the  external  parts  of  the  body  more  heat  is  given  off 
than  is  produced  so  that  if  blood  flows  slowly  to  the  external  parts  of  the 
body  the  process  of  cooling-  is  rapid  and  if  the  new  blood  passes  quickly  to 
the  exterior  the  cooling-  is  replaced  by  a rise  in  temperature.  To  increase 
the  blood  flow  therefore  increases  the  external  temperature  by  bringing- 
it  closer  to  the  internal  and  vice  versa.  In  the  internal  parts  of  the  body 
a large  amount  of  heat  is  produced  and  given  off  to  the  blood.  If  there- 
fore the  blood  flow  is  increased  the  temperature  falls  and  if  it  is  lessened 
the  blood  temperature  rises.  By  compressing  the  veins  of  the  arm  the 
temperature  of  the  hand  has  been  found  to  fall  as  much  as  .45  of  a degree 
and  by  compressing  the  brachial  artery  it  has  been  found  to  fall  as  much 
as  two  degrees.  To  increase  the  blood  supply  to  the  skin  surface  tends 
to  increase  the  temperature  superficially  while  decreasing  it  internally. 
These  facts  seem  to  indicate  that  the  blood  supply  has  an  important  rela- 
tion to  the  body  temperature.  These  changes  take  place  largely  if  not 
altogether  in  connection  with  the  variations  produced  in  the  blood  supply 
by  the  nervous  system.  Animal  heat  is  a necessary  element  in  body  nu- 
trition, depending  upon  the  circulation  of  the  blood.  In  the  case  of  divid- 
ing the  vaso-motor  nerves  the  heat  production  is  lessened  on  account  of 
the  interference  with  the  supply  of  blood.  Whatever  increases  the  blood 
supply  to  a part  of  the  body  raises  the  temperature  and  whatever  less- 
ens the  blood  supply  to  any  part  of  the  body  diminishes  the  heat.  After 
a large  vessel  is  ligatured  the  parts  supplied  with  blood  become  cool  and  it 
is  difficult  to  preserve  body  temperature  in  that  region  until  by  anasto- 
mosis the  blood  comes  to  freely  circulate  again.  The  nervous  influence 
upon  the  blood  supply  arises  chiefly  rellexly  in  connection  with 
the  nerve  centers,  four  heat  centers  haxing-  been  localized  and  associ- 
ated with  the  increase  of  body  temperature.  It  is  found 

for  example  that  in  the  case  of  puncturing  any  one  of  these 
lour  regions  the  temperature  increases  continuing  for  a length  of  time 
subject  to  variation.  These  four  regions  are  (1)  Anterior  to  and  be- 
neath the  corpus  striatum;  (2)  the  middle  portion  of  the  corpora  striata 
and  the  adjoining  parts  beneath;  (3)  in  the  region  between  the  optic 
thalamus  and  the  corpus  striatum;  and  (4)  on  the  anterior  inner  side  of 
the  optic  thalamus.  In  regard  to  these  centers  and  their  effect  upon  the 
heat  production  we  will  have  something  tosav  when  we  come  to  the  heat 
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mechanism.  Disturbances  of  the  nervous  system  modify  temperature, 
interfering-  with  the  regulative  power  of  the  body.  Irritation  of  the  nerve 
centers  and  of  some  of  the  nerves  produces  changes  in  body  temperature 
some  parts  of  the  brain  cortex  being-  very  sensitive,  particularly  the  pons 
Varolli,  the  corpora  striata  and  the  medullary  bulb. 

6.  1 he  Influence  of  External  Temperature. — In  the  case  of  man 
as  he  belongs  to  the  svarm  blooded  animals  his  body  temperature  is  not 
influenced  very  materially  by  the  temperature  of  the  surroundings,  his 
body  temperature  being-  constant  with  very  slight  chang-es.  Observa- 
tionsTmve  been  made  in  the  case  of  voyagers  in  tropical  and  frig-id  regions. 
Davy  made  personal  observations  upon  himself  and  seven  fellow  travelers 
in  the  prime  of  life  on  a voyage  from  England  to  the  Island  of  Cevlon.  He 
found  that  when  the  air  temperature  was  15  degrees  the  mouth  "tempera- 
ture registered  36.9  and  when  the  air  temperature  rose  to  26  the  mouth 
temperature  was  37.32.  He  concluded  from  these  observations  that  in 
passing  from  a temperate  region  to  a tropical  country  the  body  tempera- 
ture was  increased;  by  analogy  he  argued  that  the  body  temperature  of 
tropical  residents  is  higher  than  those  residing  in  temperate  regions. 
Various  other  experiments  have  shown  that  there  is  an  increase  in  the 
tropical  temperature  as  compared  with  the  temperate  and  it  seems  to  be 
generally  admitted  that  there  is  an  increase  in  the  average  body  tempera- 
ture in  trie  torrid  zone,  although  the  increase  is  not  large.  It  does  not  ex- 
ceed one  degree.  Crombie  found  that  in  moving  from  England  to  India 
there  was  an  increase  in  his  body  temperature  as  estimated  bv  the  mouth 
but  that  the  increase  became  less  marked  after  residing  in  India  for  some 


time,  the 


increase 


being 


.2  of  a degree.  In  regard  to  the 


effect  of  change  of  external  temperature  observations  have  been  made  re- 
cently by  a number  of  investigators  indicating  that  in  the  torrid  zone 
there  is  always  a slig-ht  increase  in  temperature.  Neuhauss  estimates  it 
from  the  rectum  and  finds  there  is  also  an  increase  in  the  pulse  rate  vary- 
ing from  live  to  10  beats. 

In  connection  with  the  variation  depending  upon  external  tempera- 
ture it  is  important  to  consider  the  effect  of  variations  in  the  seasons 
within  the  same  region.  There  is  found  to  be  very  little  variation  de- 
pending upon  the  seasons.  During  the  summer  the  body  temperature  is 
from  .1  to  .4  degrees  higher  than  during  the  winter.  In  warmer  climates 
it  is  .6  degrees  higher  than  in  the  colder  climates,  this  being  due  to  the 
difference  in  climate  in  the  different  countries  and  not  to  racial  differ- 
ences. There  is  a slightly  lower  temperature  in  the  mouth  during  win- 
ter than  during  summer,  this  being  due  possibly  to  an  increased  heat 
evaporation  in  connection  with  the  skin.  In  the  tropical  regions  where 
the  extremes  of  summer  and  winter  do  not  exist  the  changes  due  to  change 
of  season  are  imperceptible.  In  opposition  to  the  generally  adopted  theory 
Bosanquet  says  that  the  highest  temperature  he  observed  in  the  rectum 
was  during  the  winter  and  spring  months  when  the  external  temperature 
was  lowest,  these  observations  being  continued  upon  himself  daily  dur- 
ing the  entire  course  of  the  year  for  three  successive  years.  The  gener- 
al conclusion  seems  to  be  that  in  warm  weather  there  is  a slightly  higher 
temperature  in  connection  with  the  body  than  in  cold  weather.  In  regard 
to  the  inflence  of  extreme  heat  it  is  found  that  the  body  can  preserve  its 
temperature  by  means  of  heat  evaporation  in  connection  with  the  sweat  so 
as  to  maintain  the  normal  temperature.  It  has  been  observed  that  the 
body  temperature  varies  most  in  cases  of  moisture  in  the  air,  the  moist  air 
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when  heated  having-  the  effect  of  increasing-  the  temperature  of  the  body 
above  the  normal,  whereas  exposure  to  the  dry  air  does  not  appreciably 
affect  the  body  temperature,  A large  number  of  experiments  are  on 
record  in  regard  to  the  effect  of  extreme  heat  upon  the  body  temperature. 
If  the  surface  of  the  body  is  well  protected  the  body  can  bear  a heat 
above  boiling  point  for  a few  minutes,  the  body  temperature  being  only 
slightly  raised.  In  experiments  under  these  conditions  the- body  tem- 
perature was  raised  to  39  degrees,  when  subjected  to  a temperature  of 
over  100  degrees  C.  It  has  been  found  that  a dog,  cat  and  sparrow  all 
die  when  placed  in  hot  air  of  63  degrees,  the  dog  and  cat  surviving  about 
30  minutes.  When  a dog  is  placed  in  an  air  of  36  there  is  found  to  be  a 
quickened  respiration  without  any  fatal  results;  if  the  temperature  is 
raised  to  42  respiration  becomes  quicker  and  there  is  a feeling  of  pain 
associated  with  the  action  of  heat  upon  the  body;  while  a temperature  of 
45  quickly  proves  fatal,  death  being  associated  in  this  case  with  convul- 
sions. Bernard  compared  experimentally  the  effect  of  dry  and  moist 
air,  in  the  moist  hot  air  death  taking  place  very  quickly,  almost  identical 
with  imemersion  in  hot  water.  It  has  been  stated  by  some  that  on  raising 
the  temperature  of  the  air  there  is  at  first  a slight  decrease  in  the  rectal  tem- 
perature, soon  followed  by  an  increase,  death  resulting  before  the  inter- 
nal body  temperature  reached  45.  Associated  with  death  in  these  cir- 
cumstances were  increased  respiration  and  pulse,  spasms,  loss  of  con- 
sciousness accompanied  by  restless  movements,  the  pulse  entirely  dis- 
appearing before  death,  possibly  on  account  of  fibrillar  contraction  of 
the  cardiac  muscle.  A post  mortem  examination  indicated  the  presence 
of  well  marked  congestion  in  the  lungs  and  brain,  non-irritability  of  the 
muscles  and  the  rapid  coming  on  of  muscle  rigidity.  These  correspond 
with  the  observed  symptoms,  conditions  and  post  mortem  signs  in  case  of 
death  by  sunstroke.  It  has  been  found  that  extreme  cold  does  not  affect 
materially  the  temperature  as  in  the  frigid  regions  the  body  temperature 
is  about  the  same  as  that  of  animals  in  the  temperate  regions.  This  is 
partially  due  to  the  additional  protection  which  is  furnished  the  body  so 
as  to  keep  the  body  warm.  Currie  immersed  an  individual  in  very  cold 
water  reducing  the  body  temperature  8.25  degrees  but  he  could  not  re- 
duce it  below  28.33  C.  Even  this  fall  only  lasted  a few  minutes,  the  tem- 
perature of  the  body  quickly  resuming  its  normal.  In  the  observations 
of  Parry  and  Black  we  find  that  there  are  variations  in  temperature  among 
animals  such  the  arctic  fox,  wolf  and  fowl  of  from  38  to  40  degrees  in  an 
external  medium  of  from  1 to  35  degrees  below  zero.  The  limit  of  life  in 
the  case  of  these  animals  seems  to  be  the  freezing  of  the  water  medium  in 
which  they  live  or  the  freezing  of  the  lluids  within  the  body,  indicating 
the  inability  of  the  body  to  regulate  and  maintain  the  body  temperature. 
It  has  been  found  that  fishes  and  frogs  go  asleep  in  the  ice  when  frozen 
and  revive  when  they  are  thawed  out  of  the  ice,  indicating  the  power  of 
resistance  to  extreme  cold  in  the  case  of  some  animals.  The  prolong-ed 
exposure  therefore  to  either  very  great  heat  or  cold  is  dangerous  to  life, 
for  example  exposure  to  100  degrees  C may  produce  a difference  of  2 or  3 
degrees  in  body  temperature  in  a few  minutes.  The  normal  temperature 
does  not  vary  more  than  2 or  3 degrees  under  exposure  to  extreme  cold 
or  heat,  so  that  the  limits  of  life  temperature  have  been  placed  at  28.33  as 
the  minimum  and  41.65  as  the  maximum. 

7.  The  Influence  of  Drugs. — The  use  of  alcohol  produces  a decrease 
in  body  temperature,  there- being  a temporary  increased  warmth  produc- 
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cd  by  the  increasing  blood  supply  to  the  superficial  region  of  the  body 
and  the  increased  action  on  the  part  of  the  sweat  glands.  The  effect  of 
alcohol  is  both  negative  and  positive,  negative  because  it  t.-mpor; 
duces  a Hushing  of  the  cutaneous  surface  without  increasing  the  heat  «d 
the  tissues;  positive  because  it  produces  a loss'  of  heat  1>v  dilatation  of  the 
superficial  skin  vessels,  stimulating  the  superficial  circulation  arid  prurnit 
tini;  the  dischaige  of  sweat.  If  alcohol  is  taken  in  large  (loses  to  the  ex- 
tent of  intoxication  there  is  a tendency  to  reaction  towards  cold  which  ex- 
hausts the  body  temperature.  Walther  took  two  rabbits  giving  one3S  c.  c. 
of  brandy  and  the  other  none;  on  exposing  the  two  to  a temperature  of  21 
degrees  below  zero  the  first  rabbit’s  temperature  fell  to  19  degrees  while 
the  second’s  fell  to  35,  in  other  words  the  former  represented  a 
fall  of  19  degrees  and  the  latter  three.  These  results  have  been  confirm- 
ed, so  that  alcohol  given  in  large  doses  reduces  the  body  heat  and  inter- 
feres with  the  oi-ganic  power  of  regulating  the  bodv  temperature.  Bv 
the  use  of  the  calorimeter  Reichert  has  proved  that  this  variation  is  due, 
not  to  any  difference  in  the  heat  production,  but  to  excessive  heat  loss, 
resulting  in  the  fall  of  body  temperature.  The  testimony  of  Arctic  ex- 
plorers is  that  the  use  of  alcohol  does  not  aid  the  body  to  endure  extreme 
cold.  In  regard  to  chloroform,  ether,  chloral,  morphine,  nicotine  and 
quinine,  the  same  effects  are  noticeable  in  connection  with  the  bodv  tem- 
perature, namely  a reduction  of  the  body  temperature".  If th ese  are^gi ven 
in,  la-i*g£  dosesthe  body  loses  its  power  of  regulating  the  temperature, 
t h w t e m p er a lure  of  the  body  following  the  same  variations  as  we  find  In 
the  cold  blooded  animals,'  vary iiig  very  little  from  the  external  temper- 
mature'.  In  connection  with  chloral  it  is  found  that  the  heat  loss 
is  from  30  to  40  per  cent  in  excess  of  the  heat  production  and  that  the 
heat  production  is  lessened  below  the  normal.  In  the  case  of  the  use  of 
strychnine  the  production  of  heat  is  increased  while  the  loss  is  lessened. 
Atropin,  caffein,  brucin,  veratrin  and  cocaine  produce  also  an  increase  of 
temperature  while  curari  produces  a marked  lowering-  of  the  tem- 
perature. The  effect  of  these  poisons  upon  the  temperature  of  the 
body  being  due  partly  to  their  action  upon  the  tissues,  rendering  them 
partially  incapable  of  the  molecular  changes  that  are  necessary  in  the 
production  of  heat,  makes  them  particularly  disadvantageous  to  the  svs- 
tem.  Landois  says  that  possibly  in  case  of  the  anaesthetics,  chloroform 
and  ether,  there  is  a semi-coagulation  of  the  nerve  substance  producing 
incapacity  to  perform  the  metabolic  functions  associated  with  heat  pro- 
duction. 

8.  Influence  of  Baths. — Hot  or  cold  baths  have  much  greater  effect 
on  the  body  than  exposure  to  the  same  temperature  of  ordinary  air,  just 
as  a moist  bath  has  a greater  effect  because  ol  lilt!  COTldlltffrvTFy""of  wat€ r. 
Currie  first  discovered  that  on  being-  plunged  into  a cold  bath  there  was 
an  immediate  rise  of  temperature;  buVthis  was  temporary  lining  followed 
veiny  rapidly  by  a fall  of  temperature  which  continued.  He  found  that 
the  depression  of  temperature  was  greater  in  the  fresh  than  in  thc-salt 
water.  These  observations  were  made  in  connection  wiih  the  mouth 
temperature.  Liebermeistcr  observed  the  axillae  temperature,  finding 
that  as  a result  of  a cold  bath  there  is  a rise  of  temperature  slightly,  so 
that  if  the  bath  is  moderately  cold  there  is  no  lessening  of  the  body  tem- 
perature because  more  heat  is  produced  in  connection  with  the  bathing 
than  is  lost.  He  found  that  the  amount  of  heat  produced  in  connection 
with  the  bath  represented  about  four  times  the  normal  body  heat.  rl  hese 
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experiments  have  been  confirmed,  LeFevre  finding-  that  after  remaining 
three  hours  in  a bath  at  15  degrees  the  temperature  as  indicated 
by  the  closed  axillae  has  only  fallen  one  degree,  the  fall  in  temperature 
taking  place  during  the  first  half  of  the  period;  during  the  last  half  the 
temperature  remained  steady.  In  the  case  of  a bath  at  25  degrees  there 
was  a fall  of  one  degree  during  three  hours  and  in  a bath  at  7 degrees  a 
loss  of  1.7  degrees  in  one  hour.  The  bath  does  not  affect  the  temperature 
of  all  bodies  alike,  the  effect  depending  upon  the  size  of  the  body  and  the 
amount  of  adipose  tissue.  The  smaller  the  body  and  the  less  the  amount 
of  fat  the  more  rapid  does  the  cooling  process  take  place.  In  the  case  of 
a warm  bath  the  general  effect  is  to  raise  the  temperature,  followed  by  a 
temporary  fall  after  the  bath,  then  returning  to  the  normal  temperature. 
There  are,  however,  great  differences  in  individuals  in  this  respect.  It 
indicates  the  power  of  adaptation  to  external  surroundings  and  the  power 
of  regulation  possessed  by  the  mechanism  of  the  body  in  the  case  of  the 
higher  animals.  A cold  bath  withdraws  from  the  body  a large 
amount  of  heat.  This"" does  not  of  necessity  reduce  the  bod}-  temperature 
even  slightly,  because  with  the' contraction  of  the  superficial  blood  vessels 
the  heat  loss  isTessened  and  the  stimulation  of  the  cold  on  the  sensory 


cutaneous  nerves  stimulates  heat  production.  In  the  case  of  a hot  bath 
there  is  a rapid  loss  of  body  heat  arising  in  connection  with  the  vascular 
dilatation  on  the  surface~of  the  Tody,  followed  by  a diminished  production 
of  heat.  Thus  the  body  possesses  the  power  of  compensation  indicated 
by  the  rise  in  temperature  in  the  body  after  a cold  bath  and  the  fall  after 
a hot  bath.  This  compensatory  action  of  the  body  mechanism  is  so  com- 
plete that  where  exposure  to  either  cold  or  heat  is  extreme  there  is  a rise 
or  fall  in  temperature  so  as  to  equalize  the  conditions  of  the  body  and  the 
external  media.  Hence  the  conclusion  reached  by  the  majority  of  phys- 
iologists is  that  baths  do  not  affect  or  affect  only  slightly  the  normal  body 
temperature.  In.  the  case  of  high  fevers.  cold  baths  have  been 
used  effectively,  because  hei  e~ the  limit  of  compensation  is  passed  and 
hence  the  effect  of  an  extreme  cold  is  more  apparent. 

Here  we  come  to  the  subject  of  hydropathy  or  the  treatment  of  dise- 
ases by  water,  whether  externally  or  internally.  The  meaning  of  hydro- 
pathy is  rather  deceptive,  because  it  is  not  a water  cure,  but  the  water 
furnishes  the  medium  of  heat  and  cold  as  applied  to  the  body.  Hydro- 
pathy originated  in  England  in  connection  with  the  writings  of  Floyer 
and  Currie.  Currie’s  work  on  the  effects  of  water,  cold  and  hot,  as  a rem- 
edial agent  put  the  subject  on  a scientific  basis.  The  medicinal  virtues 
of  water  had  been  advocated  in  the  18th  century  by  a Sicilian  monk  but 
the  Austrian  Priessnitz  was  the  first  to  apply  the  system.  Baths  had 
been  in  existence  as  medicinal  agents,  especially  the  warm  bath,  from 
very  early  times.  The  system  was  introduced  into  England  in  1840  by 
C.aridge,  but  itwas  not  until  1852thatSmcdley  atMatlock  founded  the  mod- 
ern hydropathic  institution.  Since  then  it  has  been  supported  very  ex- 
tensively in  England,  Germany  and  France.  On  the  continent  of  Europe 
Jurgenscn  and  Licbermcister  became  distinguished  advocates  of  the  new 
institution.  The  foundation  of  thismethod  of  treatment  is  claimed  to  be 
in  the  human  organism.  The  cells  which  constitute  the  body  organism 
in  their  growth  arc  dependent  upon  the  nervous  mechanism  and  especial 
ly  upon  the  blood  circulation  as  it  is  controlled  by  the  nervous  system. 
So  close  is  this  relation  that  every  disturbance  of  cell  function  involves  a 
disturbance  ol  the  nervous  and  vascular  systems  more  or  less  complete. 
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1 lie  nervous  mechanism  and  the  vascular  supply  arc  governed  very  large- 
ly W tllc  regulation  of  heat  and  cold,  in  other  words  with  the  maintenance 
of  a normal  animal  temperature.  It  is  for  this  reason  that  hydropatliv 
claims  heat  and  cold  as  deserving  to  be  ranked  as  remedial  agents,  because 
of  the  influence  which  they  exert  upon  body  changes,  particularly  in 
rectifying  morbid  conditions  of  the  system.  To  the  hydropathist  a di- 
seased condition  is  the  symptom  of  some  cause  of  derangement  in  the 
body  organism.  When  this  cause  has  been  discovered  the  hydropathist 
claims  that  the  power  of  nature  should  be  resorted  to  to  restore  it  and 
only  such  reinedial  agencies  made  use  of  as  are  natural  or  physiological. 
Hence  when  in  pneumonic  lung  conditions  blood  requires  to  be  taken  awav 
from  the  oedematous  part,  this  is  done  by  diverting  the  blood  to  some 
other  region  of  the  body  such  as  the  cutaneous  surfaces.  The  skin  sur- 
face is  selected  as  the  storehouse  of  the  blood  because  it  is  easy  of  access 
and  less  liable  to  produce  permanent  dangerous  results  than  some  of  the 
other  vital  parts  of  the  body.  It  uses  the  allopathic  principles  to  this  ex- 
tent of  establishing  a counter  irritation  in  the  superficial  regions  of  the 
body  so  as  to  abstract  the  blood  from  the  affected  part  and  drain  it  to  an 
easily  accessible  region.  The  advantage  hydropath ically  of  the  diversion 
of  the  blood  to  surface  is  to  be  found  in  the  fact,  that  it  is  very  easy  to 
produce  excretion  in  connection  with  the  cutaneous  surfaces  of  the  body 
and  so  to  drain  off  from  the  system  an  unnecessary  supply  of  blood. 
In  the  case  of  fevers  instead  of  using  depressisg  drugs  the  cold  sheet 
pack  and  sponging  are  made  use  of  to  reduce  the  temperature  of  the  bodv 
and  to  lessen  the  pulse  rate  as  well  as  to  allay  the  irritable  condition  of 
the  system  and  induce  normal  sleep. 

From  the  hydropathic  standpoint  cold  is  regarded  as  below  60  de- 
grees F,  warm  over  90  degrees  and  moderate  between  these  two  temper- 
atures. Hence  there  are  varying  degrees  of  heat  and  cold;  and  still  fur- 
ther modifications  may  be  introduced  in  connection  with  moist  or  dry 
heat  and  cold.  The  primary  result  of  cold  is  to  depress  or  cool  and  also  to 
contract  the  blood  vessels,  resulting  in  throwing  out  the  blood  from  the 
vessels.  By  the  sudden  application  of  cold  there  is  set  up  a reaction  in 
the  opposite  direction,  resulting  in  stimulation  increasing  the  blood  sup- 
ply and  also  the  the  temperature  of  the  part.  If  the  cold  is  continued  in 
its  application  there  is  no  reaction  and  depression  continues.  The  pri- 
mary result  of  heat  is  to  produce  an  increasing  blood  flow.  If  the  heat  is 
applied  only  for  a short  time  evaporation  follows,  with  a reaction  toward 
the  cooling'process,  resultingin  the  removal  of  blood  from  the  vessels.  If 
the  heat  application  is  continued  then  the  increased  blood  flow  is  also 
continued.  In  connection  with  moderate  heat  and  cold  there  is  a soothing 
effect,  the  result  depending  upon  the  the  local  heat  or  the  general  body 
temperature.  In  the  case  of  local  inflammatory  conditions  continued  cold 
contracts,  while  continued  heat  dilates  and  soothes;  sudden  and  briefly 
applied  cold  stimulates,  then  produces  heat  and  therefore  increases  the 
inflammatory  condition;  sudden  and  briefly  applied  heat  cools  the  part 
because  it  produces  heat  evaporation  from  the  part.  Hence  hydropathy 
in  acute  inflammations  applies  either  the  continued  cold, or  the  momentary 
heat;  while  in  chronic  cases  of  inflammation,  especially  if  these  become 
congested,  momentary  cold  applications  are  used.  If  accompanying  the 
local  inflammatory  condition  there  is  a general  body  fever, the  application 
of  continued  cold  tends  to  produce  evaporation  of  the  general  heated  con- 
dition. In  connection  with  the  internal  portions  of  the  body  heat  and  cold 
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have  their  effects  through  the  nervous  system,  the  principle  of  sympathy 
being  applied  in  connection  with  cutaneous  heat  and  cold  applications  so 
as  to  reach  the  kidneys,  the  stomach,  etc.  Various  appliances  are  made 
use  of  in  the  application  of  heat  and  cold  to  the  system  hydropathicallv. 
Among  these  are,  (1)  Formentations  both  hot  and  cold;  (2)  Com  pressed  wet 
bandages  used  in  local  and  inflammatory  conditions  so  as  to  assist  heat 
evaporation  and  also  used  in  cases  of  congestion  with  an  oilskin  covering 
so  as  to  produce  heating:  (3)  Baths  both  hot  and  cold,  whether  general  in 
the  whole  body  or  local,  such  as  the  foot  or  head  bath  in  cases  of  vascular 
stag  nation  or  nervous  debility ; (4)Thehotairandsteam  baths,  principally 
the  Turkish  bath  which  has  a tonic  and  alterative  value  in  increasing  the 
tissue  metabolism  and  the  waste  elimination,  as  well  as  reducing  internal 
congested  conditions  by  determining  the  blood  to  the  superficial  regions  of 
the  body.  In  rheumatic  and  gouty  cases  these  are  used  to  facilitate  the 
removal  of  dangerous  acids  that  are  liable  to  accumulate  in  the  tissues  of 
the  body.  (5)  The  sheet  pack.  This  consists  of  a full  wet  sheet  en- 
casing the  entire  body.  The  patient  is  then  placed  in  bed  and  covered  up 
with  sufficient  clothing  to  retain  the  heat  around  the  surface  of  the  body 
and  after  one  or  two  hours  the  patient  is  given  a general  body  bath. 
This  is  done  to  stimulate  the  cutaneous  excretion. 

In  most  of  the  morbid  conditions  of  the  body  system  there  is  either 
direct  or  indirect  disordered  condition  both  of  the  digestive  and  metabol- 
ic functions.  As  a result  the  blood  is  more  or  less  affected,  being  invol- 
ved in  a slight  or  complicated  oedema.  This  inflammatory  condition  af- 
fects the  excretory  system  also,  the  impure  blood  continuing  the  morbid 
condition  and  increasing  it  as  it  extends  to  the  different  parts  of  the  sys- 
tem. Hydropathy  claimsthat  thereishereachain  of  disordered  conditions 
extending  throughout  the  entire  body  economy,  so  that  in  order  to  prevent 
this  morbid  condition  from  becoming  master  of  the  body  organism  the 
chain  must  be  broken.  It  is  in  order  to  break  this  chain  that  heat  or  cold 
is  applied  to  the  blood  and  as  the  blood  can  best  be  reached  by attractingit 
to  the  surface  of  the  body,  it  is  claimed  that  the  application  of  hot  or  cold 
water  can  best  secure  this  result  without  in  juring  the  system  by  the  in- 
troduction of  any  foreign  substance.  The  cutaneous  surface  becomes 
the  seat  temporarily  of  the  greatest  vitality,  the  result  being  a true  met- 
astasis when  the  morbid  condition  is  transferred  from  the  seat  of  disease 
to  the  superficial  surface  in  connection  with  the  blood  circulation.  The 
result  is  that  the  internal  disturbance  is  lessened  by  the  removal  of  the 
pathological  elements  in  connection  with  the  blood,  brought  to  a region 
where  easy  elimination  is  possible,  this  elimination  being  rendered  pos- 
sible and  greatly  facilitated  by  the  means  adopted  to  open  the  cutaneous 
excretory  organs.  Hydropathy,  as  we  have  traced  it,  at  least  emphasizes 
the  primary  action  of  baths,  namely,  the  influence  of  heatand  cold  upon  the 
superficial  body  surface  as  it  is  applied  through  the  medium  of  water.  It 
also  emphasizes  the  fact  that  the  body  temperature  has  much  to  do  with 
the  nutrition  of  the  body  and  that  under  the  influence  of  changes  of  tem- 
perature the  body  functions  may  be  stimulated  to  an  increased  activity, 
rendering  them  capable  of  throwing  off  abnormal  elements.  The  primary 
mirpose  of  baths  is  cleanliness,  to  cleanse  the  body  surface  so  as  to  remove 
foreign  substances,  to  keep  the  skin  in  a healthy  porous  condition  and  to 
promote  normal  cutaneous  excretion.  Some  believe  that  one  action  of 
of  water  in  connection  with  the  bath  is  its  absorption  through  the  skin. 
There  is  however  only  a very  slight  absorption  if  any  in  connection  with 
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bathing-;  and  this  would  seem  to  indicate  that  the  so  called  medicated 
baths  are  of  little  value,  aside  from  their  stimulating-  action  upon  the  skin. 
1 lie  action  of  watci  upon  the  skin  capillaries  depends  larg-elv  upon  the 
water  temperature.  It  must  be  remembered  that  the  body  can  bear 
changes  of  temperature  in  dry  air  much  better  than  in  a water  medium.  A 
temperature  of  80  or  90  degrees  in  water  is  very  much  more  irritating  than 
the  same  temperature  in  air  because  the  body  is  heated  without  any  chance 
of  evaporation  and  the  pei*spiration  is  retarded.  The  cold  bath  is  of  value 
chiefly  in  connection  with  the  process  of  cooling,  although  the  degree  of 
coldness  has  much  to  do  with  its  beneficial  or  dangerous  effects.  When 
the  cold  bath  is  above  49  degrees  the  skin  temperature  is  lessened,  the 
blood  temperature  which  at  first  rises  then  falls,  although  not  till  after 
leaving  the  bath.  The  skin  becomes  more  or  less  numb  and  pale,  the  ef- 
fect in  the  form  of  a slight  shock  being  communicated  to  the  heart,  lungs 
and  nervous  system,  the  shock  being  evident  in  some  cases  in  tremulation. 
with  thoracic  depression  and  a weakened  pulse.  After  the  removal  from 
the  bath  the  reaction  sets  in,  the  temperature  of  the  body  increases,  the 
pulse  and  blood  circulation  becoming  more  rapid.  If  the  water  is  colder 
and  especially  if  the  water  is  in  motion  there  is  liable  to  be  a dangerous  ef- 
fect upon  the  system.  The  effect  of  water  applications  depends  upon  the 
ability  to  withdraw  body  heat  and  to  increase  body  heat,  in  other  words 
depressing  or  stimulating  the  system.  The  depressing  effect  may  arise 
in  connection  with  a heat  loss  associated  with  retarded  circulation.  The 
stimlating  effect  arises  in  connection  with  increased  cardiac  and  pulmo- 
nary activity,  together  with  muscular  and  nervous  stimulation;  tor  ex- 
ample  inthecaseof  moderately  cold  bathswhen  the  water  is  kept  in  motion,  so 
that  the  body  iscontinuously subjected  tothe  sensations  that  producesuch 
stimulation.  Depression  is  produced  much  quicker  in  very  cold  than  in 
warm  water  and  stimulation  quicker  in  colder  that  in  warm  water,  the 
shortness  or  length  of  the  bath  period  varying  the  intensity  of  the  sen- 
sation, either  less  or  more.  In  this  way  by  alternation  of  depression  and 
stimulation  there  may  result  the  stimulation  of  the  nervous  system  and 
circulation  of  the  blood,  the  absorption  and  secretory  processes  and  also 
the  excretory ‘sweat  processes,  resultingin  active  metabolic  changestakine 
place  in  connection  with  the  body  tissues. 

Cold  baths  tend  to  retard  perspiration,  hot  baths-  to  assist  and  in- 
crease it.  Cold  baths,  and  also  hot  baths  to  a certain  extent,  assist  the 
urine  secretion.  It  is  claimed  by  some  that  cold  bathsassist  the,  secretions 
chiefly  the  gastric  juice,  while  hot  baths  decrease  them.  In  both  cases  there 
isan  increase  in  oxidation  in  connection  with  the  tissues;  in  the  case  of  a 
warm  bath  however  there  is  less  drainage  upon  the  system  in  heat  production 
because  the  bath  supplies  the  increased  heat.  In  the  case  of  exhaustion 
a hot  bath  is  refreshing  while  a cold  bath  is  depressing,  because  the  heat 
added  to  the  systen  increases  the  oxidation  process  and  throws  off  some 
of  the  accumulations.  Cold  stimulates  the  functional  activity,  whereas 
heat  sets  them  free  from  incumbrance.  Very  warm  baths  have  much 
the  same  effect  as  cold  baths,  stimulating  the  heart  activity  and  the  ner- 
vous action,  but  the  effect  takes  place  with  less  shock  to  the  system  I his 
leads  to  the  conclusion  that  warm  baths  are  more  beneficial  than  cold  baths, 
because  their  action  has  less  shock  upon  the  system  and  the  system  can 
stand  better  the  milder  and  more  gradual  effect  of  the  warm  bath.  Hence 
the  warm  baths  arc  more  suitable  in  the  case  of  the  young  and  old  and  those 
of  weak  constitution,  whereas  the  cold  bath  is  better  for  the  strong  and 
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vigorous.  Hot  baths  too  frequently  or  injudiciously  taken  arc  wasting  on 


the  system.  This  is  equally  true  o 


■irnatEH 


is  continued  too  long',  produ- 


CTTTgAveakness,  brain  congestion  and  even  apoplexy,  the  effect  being,  a 
paralysis  ot  the  heart  tf^i  oiigTT  The  nervous  system.  In  the  case  of  cold 
baths  too  long  continued  there  is  danger  of  internal  congestion.  Hence 
sy stent yn  bath  ing  .and  judiciousness  in  the selection  of  the  nature  of  the 
bath  form  the  essential  precautions  to  be  taken  in  connection  with  the  use 
of  this  natural  means  of  promoting  health  and  removing  disordered  con- 
^dtipns. 

9.  Abnormal  Conditions.- — In  the  case  of  hemorrhage  there  is  a fall  of 
temperature  at  first  but  it  is  soon  followed  by  a rise  and  isTs  Pally  assoTr- 
atea  witfTa  rigtfr  condition.  After  some  days  tfie  normal  is  resumed  and 
sometimes  therg"  is  a fall  below  the  normal,  if  there  is  a loss  of  blood  sud- 
denly and  to  a a large  extent  there  is  a marked  temperature  fall  from  one 
to  two  degrees,  cases  being  on  record  in  which  a fall  to  29  or  30  degrees 
has  taken  place.  This  arises  from  the  lessening  of  oxidation  processes 
and  to  the  fact  that  the  blood  circulation  becomesfeeble.  The  small  effects 
may  be  found  associated  with  diminished  metabolic  activity  or  interference 
with  the  action  of  the  heart  as  in  the  case  of  the  Stimulation  of  the  peri- 
pheral end  of  the  pneumogastric  which  has  the  effect  of  slowing  the  heart. 
In  connection  with  the  transfusion  of  blood  there  is  found  a rise  in  tem- 
perature shortly  after  transfusion,  representing  a fever  condition  which 
continues  for  some  time  and  then  passes  away,  the  normal  being  resumed. 
In  some  abnormal  conditions  such  as  cholera,  diabetesand  the  final  stages  of 
insanity  there  is  a fall  in  temperature  amounting  sometimes  to  9 or  10  de- 
grees. In  fever  conditions  we  have  the  temperature  varying  from  37.5  to 
41.5  degrees  C and  in  certain  stages  where  the  results  are  fatal  as  high  as 
45  degrees.  If  the  temperature  is  mantained  for  any  length  of  time  above 
42  or  107.  6 F.  fatal  results  are  certain  to  follow.  We  have  recorded 
cases  of  extraordinary  temperatures  in  which  life  was  preserved,  one  case 
of  hysteria  being  reported  at  50  degrees  C or  122  F. 

SECTION  V.  'The  Regulation  of  Body  Temperature. 

r\  emperature  depends  on  the  vital  activity  and  it  is  necessary  to 
the  vital  existence.^  Each  animal  has  its  own  definite  body  tern p erature. 
In  life  there  is  a constant  production  and  loss  of  heat.  To  make  this  con- 
sistent with  the  statement  that  man  ranks  among  the  homoiothermal 
animals  we  must  show  how  the  regulation  takes  place  so  as  to  preserve 
uniform  and  constant  the  body  temperature.  When  there  are  changes  in 
the  temperature  of  the  environment  the  body  mantains  a steady  temper- 
ature. II  the  heat  production  and  loss  balance  each  other  the  tenmer- 
ature  remains  uniform;  whereas  if  the  heat  production  nVlngs  is  pith  or  in 
excess  «>r  falls  below  the  standard  there  is  a disturbance  of  the  temper- 
atujre  balance  and  therefore  a change  of  temperature.  It  is  not  necessary 
that  because  the  heat  production  isaltered  the  body  temperature  changes, 
because  the  heat  loss  may  also  be  altered  so  as  to  balance  with  the  gain. 
A change  in  temperature  may  be  produced  by  alteration  therefore,  m the 
production  or  loss.  We  must  remember  that  the  temperature  does  n.,t 
vju'y  -leifh  Ttie  production  of  heat.  In  cases  of  fever  an  increase  of  body 
tg m ptn:a tn ne_r£ presents  an  increased  production" and  a decrease  ip  findy 
lrm perature  a decreased  production,  fever  may  however  be  partially  d uc 
to  the  heat  loss.  .Tin-  variations  in  tc m peraturcTTherelore  simply  in- 
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(licate  a disturbance  of  the  heat  balance  and  the  question  we  arc  here  to 
discuss  is  not  that  of  the  production  or  loss  of  heat  but  how  the  balance 
may  be  restored.  4s  the  temperature  varies  in  different  animals  under 
varying  conditions  there  must  be  differences  in  the  power  of  regulating 
stePP.ei^fe-  In  tue  human  subject  we  find  the most  perfect  develop 
ment  of  this  regulative  power  so  that  in  the  frigid  regions  equally  with 
the  temperate  and  torrid  zones  his  temperature  remains  almost  invaria- 

be'  1 he  same  thing  is  true  of  very  great  increase  in  temperature  for  a 

i Peno  because  man  may  stand  a temperature  considerably  above 

100  C for  a short  time  without  almost  any  change  of  temperature' in  his 

own  body.  In  the  case  of  other  mammals  this  can  not  be  done,  indicating 
the  moi e imperfect  regulative  power  in  these  animals.  In  imperfectly 
developed  or  weak  mammals  the  regulative  power  is  also  imperfect  aU 
they  lose  temperature  on  exposure  to  the  cold  and  thus  approximate  to 
the  cold  blooded  animals.  Among  the  cold  blooded  animals  there  is  also 
a considerable  variation  in  the  power  of  regulating  the  temperature,  most 
of  the  cold  blooded  animals  having  hardly  any  regulative  capacity.  Kyen 
where  animals  have  the  power  of  regulating  the  temperature  this  power 
is  exercised  only  within  definite  limits.  If  the  limit  is  over-reached  there 
is  a fall  in  the  animal  temperature,  unconsciousness  follows  and  the  ani- 
mal is  said  to  fi  eeze  to  death.  1 he  same  is  true  in  regard  to  extreme 
heat,  the  point  being  reached  beyond  which  regulation  is  impossble. 
This  implies  that  heat  production  can  be  lg^sened  but  not  suspeixfied,  it 
cajl_J>e  increased  but  this  can  not  be  carried  out  indefinitely  for  when  the 
atmosphere  becomes  greater  than  body  temperature  especially  if  moist 
then  heat  loss  from  the  body  is  hindered,  producing  a rise  in  temperature 
internally  that  is  opposed  to  living  conditions.  There  can  be  no  perfect 
balance  of  heat  and  loss  in  the  case  of  extremes  of  heat  and  cold  from  a 
regulative  standpoint. 


The  regulation  of  temperature  then  has  two  phases,  the  regulation  in 
connection  with  heat  loss  and  heat  production.  In  connection  with  this 
an  important  law  is  that  of  the  conservation  of  energy,  because  it  rep- 
resents the  physical  balance  between  heat  production  and  loss.  When 
work  is  done  ag-ainst  forces  or  stress  from  a physical  standpoint  the  work 
is  not  lost  but  the  energy  is  transformed  and  conserved.  Clerk  Maxwell 
defines  the  conservation  of  energy  thus,  “The  total  energy  of  any  bed v 
or  system  of  bodies  is  a quantit\-  which  can  neither  be  increased ..nar_di- 
minished  by  any  mutual  action  of  these  bodies,  though  it  may  be  transfor- 
med into  any  ot  the  forms  of  which  energy  jgi  susceptible.’*  Hence  if  a 
body  is  unaffected  by  external  bodies  there  will  be  constancy  in  the 
amount  of  energy  it  possesses,  whereas  if  there  be  action  in  connection 
with  some  external  bodies  a certain  amount  of  the  energy  will  be  trans- 
ferred to  that  work  or  to  the  other  bodies  involved.  This  implies  that 
there  is  a conservation  of  force  within  the  body,  the  energy  being  chang- 
ed in  form  so  as  to  favor  its  application  in  some  other  direction.  This 
law  is  at  the  basis  of  the  regulation  of  the  body  temperature.  This  trans- 
lormation  which  takes  place  within  the  body  and  which  does  nol_iavolve 
any  loss  of  energy  so  far  as  the  mutual  action  of  the  different  parts  of 
the, body  is  concerned  may  b<T  accomplished  In  two  ways,  by  regulating 
the  transformation  of  potential  energy  into  heat  or  by  alter i ng  t h c. anio u n t 
of  heat  loss  from  the  body  in  relation  to  the  production  of  heat.  This 
law  is  at  the  basis  of  the  distribution  of  heat  throughout  the  body  and 
the  tendency  to  equalize  the  body  temperature  normally  when  through 
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some  external  cause  some  of  the  body  heat  is  taken  away. 

In  connection  with  this  we  find  that  there  is  a regular  heat  mechanism 
which  preserves theconstancy of  thetemperature.  In  this  heatmechanism 
we  find  three  cooperating-  agencies,  (1)  the  thermogenic  in  connection  with 
heat  production, ”(2)  The  thermolythic  in  connection  with  heatloss,  and  (3) 
The  thermotaxic  in  connection  with  the  Balancing  of  the  gain  and  loss  of 
heat  so  as  to  produce  heat  equilibrium.  The  action  of  these  mechanisms 
maintains  the  balance  of  temperature  representing  change  either  in  pro- 
duction  or  loss  or  in  both.  (1)  Thermo-genesis.  In  connection  with  heat 
production  which  we  will  discuss  later  we  find  that  the  tissues  of  the 
body  are  actively  engaged.  Nearly  all  the  body  tissues  are  at  work  in 
producing  heat.  The  processes  oT^olTdatiou  are  essential lo  the  body 
activity  and  also  to  heat  production  soThal  wherever  oxidation  takes  place 
there  we  have  the  production  of  heat  in  connection  \yith  cell  .artunty. 
While  this  is  true  of  all  the' body  tissues  there  are  certain  parts  of  the 
body  that  are  especially  active  in  heat  production.  In  the  case  of  the 
skeletal  muscles  this  is  said  to  be  their  special  physiological  function,  the 
heat  production  faking  place  in  them  under  all  circumstances.  During 
muscle  contraction  there  is  a certain  amount  of  work  done  and  associated 
with  the  work  done  isheat.  During  contraction  the  muscles  are  active  the 
increase  of  heat  being  accompanied  by  a larger  O consumption  producing  a 
more  venous  blood.  When  the  voluntary  muscles  become  active  there  is 
a considerable  increase  of  heat.  During  the  period  when  muscle  is  rest- 
ing heat  production  continues  in  connection  with  muscle  growth  and  also 
in  the  active  production  of  heat.  Even  when  muscle  is  inactive  so  that 
there  is  a suspension  of  the  chemical  changes  taking  place  in  connection 
with  muscle  activity  there  continues  to  be  the  evolution  of  heat.  Here 
the  law  that  regulates  the  heat  supply  is  that  of  economic  demand,  the 
active  tissue  changes  producing  heat,  all  the  tissues  being  correlated  so 
as  to  produce  sufficient  for  the  body  system  under  the  control  and 
direction  of  the  nervous  System.  In  muscle  contraction  it  is  estimated 
that  about  20  per-cent  of'  the  energy  evolved  represents  mechanical 
activity,  the  remaining  80  per-cent  representing  heat.  In  connection  with 
the  active  cardiac  contractions  there  is  also  a heat  production,  the  blood 
circulation  contributing  a large  proportion  to  heat  volume  on  account  of 
the  resistance  to  the  flpw  of  blood  found  in  connection  with  the  vessel 
walls,  particularly  the  arterial  walls.  The  heart  activity  and  the  circula- 
tory resistance  converted  to  heat  represent  about  one-twentieth  of  the  en- 
tire heat  production  in  the  body.  Other  organs  of  the  body,  especially 
the  glands,  chief  among  which  we  find  the  liver,  represent  in  their  great 
secretory  and  metabolic  functions  heat  generation.  When  the  body 
glands  are  active  in  secretion  heat  is  produced  as  is  evident  in  the  tem- 
perature of  the  blood  leaving  as  compared  with  that  entering  the  glands, 
h or  example,  the  sub-maxillary  gland  according  to  Bernard  when  very 
active  rises  in  temperature  even  though  the  O consumption  is  less.  The 
digestive  organs  when  active  also  produce  heat  and  associated  with  this  is 
the  use  of  an  increased  amount  of  food  in  colder  weather  as  compared 
with  warmer  weather. 

1 his  heat  generation  takes  place  throughout  the  entire ybody.wher- 
eveiyactivitv~oT  organic,  function  is  found.  It  is  regulated,  however,  by 
the  nervous  sysiem.  The  nervous  system  directly  stimulates  the  molec- 
ular changes  which  produce  heat,  but  in  addition  the  nervous  system 
is  regulative.  If  an  animal  is  given  curari  there  is  a fall  of  temperature 
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and  metabolism  decreases,  the  latter  producing-  the  former  effect  If  ex- 
posed to  higher  and  lower  temperatures  the  body  temperature  rises  and 
tails  respectively  and  the  animal  becomes  really  like  a cold  blooded  animal 
U is  true  that  even  it  the  nerve  connection  is  cut  off  from  a muscle  heat  men- 
eiation  continues,  although  it  is  considerably  lessened.  But  in  the  pro- 
duction of  heat  when  thus  severed  from  the  nerve  connection  it  has  cea— 
ed  to  be  correlated  to  the  rest  of  the  body  and,  hence,  there  is  no  regulation 
ol  the  heat  supply.  I his  is  evident  in  certain  cases  where  the  spinal  cord 
is  injured,  the  amount  of  heat  being  altered,  injury  either  increasing  or 
decreasing  the  amount  of  heat  produced.  Attempts  have  been  made  to 
localize  heat  fibers  but  so  far  without  success.  It  is  claimed  that  in  con- 
nection with  muscle  changes  there  are,  two  processes  of  katabolism.'  the 
QfleJaearing  on  muscle  contraction  and  the  other  on  heat.  productionT^fff 
1 . ~:‘,S  ■— (- i^esc  dual  processes  must  be  re.o-ub.te7i  hy  fan /Uffprpnt  < . . 
Jibei  s.  in  the  case  of  muscle  contraction  the  katabolism  seems  to  depend 
distinctively  on  motor  nerve  fibers,  while  in  the  processes  of  heat  pn  educ- 
tion the  nerve. fibers  are  not  of  necessity  motor  fibers  but  have  been  call- 
ed thei  mogenic  llbeis,  directly  bearing  from  the  heat  centers  impulses 
that  are  of  value  only  in  connection  with  heat  generation.  In  the  former 
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case  thiough  muscle  contraction  muscle  tone  is  not  necessarily  preserved 
whereas,  Tn  the  latter  case  in  connection  with  the  heat  impulses!  the  mus- 
clt  tone  is  pieseivcd.  The  nervous  control  of  the  heat  production  is 
proved  in  the  case  of  a section  of  the  different  nerves.  When  the  tempera- 
tui  e falls  the  metabolic  changes  arc  lessened  and  less  COj  is  found  in  the 
blood  than  usual.  If  the  sciatic  of  a rabbit  is  divided  on  one  side  and  it  is 
then  placed  in  a warm  room  the  limb  in  which  the  sciatic  is  intact  will 
sweat  profusely,  whereas-  the  other  in  which  it  is  cut  will  not,  indicating 
heat  loss  through  nervous  control.  If  a rabbit’s  sympathetic  is  divided 
the  vessels  of  the  car  are  dilated  and  there  is  a rise  in  temperature, 
whereas  stimulation  produces  a fall,  indicating  that  the  nervous  system 
regulates  heat  distribution.  In  what  way  the  sensory  impulses  originate 
that  give  rise  to  these  reflex  thermogenic  actions  is  not  known  but  it  is 
certain  that  the  impulses  originate  in  the  superficial  body  surface.  The 
application  of  cold  to  the  skin  seems  to  excite  the  sensory  cold  or  temper- 
ature fibers  which  stimulate  reflexly  through  the  centers  the  heat  fibers  of 
the  muscles  regulating  the  production  of  heat. 

While  we  do  know  definitely  the  existence  of  heat  fibers  we_diL 
•know  that  there  are  heat  centers.  When  the  skin  surface  is  excited  by 
cold  or  heat  there  is  a definite  heat  production.  This  does  not  depend  on 
vaso-motor  action  but  it  is  due  to  thermogenic  stimulation.  When  cer- 


tain  parts  of  the  brain  are  stimulated  artificall v or  injured  as  by  puncture 
there  follows  heat  production  or  diminution,  depending  on  the  part  of  the 


brain  injured  or  stimulated.  In  j uries  of  the  spinal  cord  have  a similar 
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effect.  When  the  cerebro-spinal  axis  is  operated  on  in  certain  of  its  parts 
there  is  found  an  accumulation  of  CO’  or  a decrease  in  the  amount  of  CO’. 


indicating  an  interference  with  the  process  of  heat  formation.  In  connec- 
tion with  the  cerebro-spinal  axis  definite  regions  have  been  localized  which 
arc  found  to  be  concerned  in  heat  production,  so  that  when  these  parts 
are  either  irritated  or  destroyed  there  is  an  interference  with  heat  pro- 
duction. Tl^ese  experiments  have  led  to  the  localization  of  a cerebro- 
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spinal  area,  some  regions  corresponding  with  heat  accelerator  centers, 
(filler  regions  with  heat  inhibition  centers  while  there  is  another  region 
localized  as  the  automatic  heat  region. 


The  automatic  centers  are  con- 
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cerned  inpreserving  and  governing-  the  normal  heat  production  whereas 
the  acceleration  or  diminution  of  heat  production  is  regulated  by  the  speci- 
fic accelerator  part  or  inhibitor  centers.  Several  experimenters  have 
identified  certain  regions  in  the  brain  cortex,  in  the  basal  portion  of  the 
brain  anterior  to  and  beneath  the  corpus  striatum,  within  the  corpus 
straitum,  in  the  optic  thalamus,  in  the  prominence  of  the  gray  mat- 
ter between  the  optic  tracts  and  the  corpora  albicantia,  in  the  wall  between 
the  lateral  brain  ventricles,  in  the  corpora  quadrigemina,  in  the  pons  Varol- 
ii,  in  medulla  and  in  the  spinal  cord.  Great  difficulty  has  been  experienc- 
ed in  identifying  these  centers  because  in  order  to  localize  definite  points 
injury  is  necessary  and  an  injury  to  the  cerebro-spinal  axis  inxolves  dif- 
ficulties that  are  hard  to  account  for.  The  chief  methods  have  been  stim- 
ulation, electricalLor  mechanically  by  a probe  or  cautery  and  destruction 
by  incisions  into  and  across  the  cerebro-spinal  axis.  Here  a distinction 
is  drawn  between  thermogenic  and  thermolytic  centers  according  as 
stimulation  or  destruction  affects  the  production  or  loss  of  heat.  The 
general  heat  centers  are  always  in  active  operation  while  the  acceleratory 
and  inhibitory  centers  are  only  active  intermittently,  accordingtothe  neces- 
sities of  thesystem.  Reichert,  whose  investigations  on  this  subject  are 
the  most  recent  and  thorough,  localizes  the  general  heat  centers  in  the 
spinal  cord,  the  heat  centers  in  the  brain  being  either  acceleratory  or  in- 
hibitory, the  former  centers  being  found  in  the  optic  thalamus,  the  pons, 
the  medulla  and  the  tuber  cinereum.  On  stimulating  these  regions  there 
is  a rise  of  temperature  and  the  destruction  of  any  one  region  mayor  may 
not  be  accompanied  by  decreased  heat  production,  this  decrease  being 
produced  by  the  injury  to  the  part  of  the  brain.  In  the  pons  and  medulla 
there  is  a common  center  but  the  most  powerful  thermo-acceleratory  in- 
fluence is  associated  with  the  base  of  the  cerebrum.  Inhibitory  centers 
are  identified  in  a dog  with  the  cruciate  groove  and  the  junction  of  the 
post  and  supra  Sylvian  fissures,  stimulation  of  these  being  accompanied 
by  decreased  heat  production  and  their  destruction  by  a temporary  in- 
creased production.  If  however  the  spinal  cord  is  divided  at  the  juncture 
with  the  medulla  all  of  these  centers  cease  to  act.  This  has  led  to  the  con- 
clusion that  the  primary  heat  centers  are  in  the  spinal  cord  in  connection 
with  the  anterior  cornua.  These  centers  are  closely  connected  with  the 
centers  in  the  brain  by  nerve  fibers  so  that  as  the  impulses  pass  from  the 
acceleratory  or  inhibitory  centers  the  general  centers  are  either  stimulat- 
ed to  activity  or  inhibited.  The  soinal  centers  are  not  directly  influenced 
b v cutaneous  impulses  arising  from  external  stimulation  or  blood  changes 
whereas'fhe  bi  ain  centersr  are  directly  influenced  by  these  impulses,  so 
that  when  these  impulses  reach  the  brain  centers  it  is  through  these  cen- 
ters that  the  spinal  centers  are  affected.  In  this  way  when  the  blood  tem- 
perature rises  or  when  the  cutaneous  nerves  arc  stimulated  by  an  increas- 
ed external  temperature  the  inhibitory  centers  are  influenced  so  as  to 
send  down  inhibitory  impulses  to  the  spinal  centers;  when  the  blood  tem- 
perature falls  and  the  external  temperature  falls  impulses  are  communica- 
ted, to  the. acceleratory  centers  from  which  acceleratory  impulses  arc  sent 
down  to  the  spinal  centers.  In  the  former  case  the  spinal  centers  arc  less 
active  and  in  the  latter  more  active. 

(2 )'  Thermolysis.  The  body  loss  of  heat  represents  not  a direct  re- 
flex action  in  connection  with  the  heat  mech-anism  but  rather  an  incidental 
circumstance  attending  other  conditions. This  means  that  the  body  is 
rather  inactive  in  the  loss  of  heat,  just  as  under  the  ordinary  physical 
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laws  any  physical  and  lifeless  body  would  lose  heat.  In  the  livintr 
body  however  there  is  this  difference  that  theloss  of  heat  is  regulated 
at  least  in  its  rapidity  by  the  vital  activity. 

1 he  thei  molytic  mechanism  is  complex,  The  physical  properties  of 
conduction  and  radiation  in  connection  with  the  skin  surface,  water  evap- 
oration from  the  lung’s  and  the  surface  of  the  body,  the  heat  imparted  to 
the  colder  organs  and  especially  to  the  alimentary  organs  in  connection 
with  the  heating  of  cold  food  account  to  a large  extent  for  the  heat  loss. 
Hence  \\  hatevei  influences  the  circulation  of  the  blood  towards  the  peri- 
phery, the  excretion  of  the  sweat  and  the  inspiration  of  air  as  well  as  the 
form  of  food,  influences  the  heat  loss.  By  increasing  the  body  tern per- 
atuie  the  heait  becomes  more  active,  the  blood  vessels  of  the  peripheral 
surface  become  distended,  respiration  is  increased  in  activity  and  sweat 
excretion  becomes  more  profuse.  This  determines  the  blood  to  the  sur- 
faces of  the  body  in  larger  than  normal  quantities;  and  bringing  it  into 
contact  with  a cooler  medium  than  the  interior  of  the  body  provides  for 
heat  radiation.  Profuse  prespiration  increases  the  water  evaporation 
and  with  it  the  heat  evaporation.  Increased  respiration  increases  the  vol- 
ume of  air  taken  in,  heat  being  expended  in  warming  it  and  also  a greater 
expiration  which  means  the  expiration  of  vapor  and  a loss  of  heat.  Hence 
the  cardiac,  vaso-motor,  respiratory  and  sweat  mechanisms  are  involved 
in  thermolysis,  the  activity  or  inactivity  of  these  depending  upon  blood 
temperature  and  skin  temperature,  especially  in  connection  with  external 
temperature  changes.  When  these  mechanisms  are  active  there  is  a 
large  heat  loss. 


(3.)  Thermolaxis.  fl  his  represents  the  heat  regulation  from  the 
standpoint  of  gain  and  loss.  This  is  accomplished  in  connection  with  the 
correlation  of  thermogenesis  and  thermolysis.  Ifthe  heat  production  is 
greater  than  the  heat  loss,  then  the  loss  of  heat  is  increased  so  as  to  pre- 
serve the  average  body  temperature.  If  heat  loss  is  greater  than  heat 
production  then  the  thermogenic  processes  are  increased  so  as  to  com- 
pensate for  the  loss.  These  correlative  actions  are  dependent  upon  the 
blood  temperature  and  the  influence  of  the  external  temperature  through 
the  cutaneous  sensations.  If  the  temperature  of  the  blood  increases  this 
produces  thermolytic  action.  When  the  body  is  subject  to  cold  external 
atmosphere  there  is  an  increased  heat  loss  but  at  the  same  time  through 
the  skin  impulses  are  sent  to  the  thermogenic  centers  which  arouse  heat 
production.  Thus  in  normal  conditions  is  kept  up  a continual  balance  be- 
tween heat  production  and  heat  loss  so  that  the  correlative  action  is  com- 
plete. This  balancing  is  carried  on  largely  in  a reflex  manner,  chiefly 
through  the  cutaneous  impulses.  The  application  of  cold  to  the  surface 
of  the  skin  for  a short  time  contracts  the  superficial  blood  capillaries, 
producing  a dimunition  in  blood  heat  and  volume,  thus  preventing  heat 
loss  by  radiation  and  conduction.  Accompanying  this  there  is  a dimin- 
ished sweat  excretion,  lessening  the  heat  evaporation.  At  the  same  time 
there  is  an  increased  heat  loss  through  radiation  on  account  of  the  differ- 
ence in  temperature  between  the  body  and  the  external  medium  so  that 
there  is  an  increased  heat  loss.  When  this  takes  place  heat  production 
is  stimulated  reflexly  through  the  cutaneous  nerves,  heat  production  be- 
ing increasedand  a temporary  rise  in  body  temperature  of  about  .3degrees 
C following  to  be  followed  by  a reaction  in  the  fall  of  body  temperature  .3 
degrees,  followed  by  another  reaction  above  the  normal  heat  and  so  on  till 
the  normal  is  restored.  Moderate  heat  applied  to  the  surface  of  the  body 
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produces  distension  of  the  superficial  vessels,  increases  the  circulation  of 
the  blood  and  therefore  the  blood  volume,  the  respiratory  activity  and  the 
sweat  secretion,  at  the  same  time  decreasing-  heat  production.  By  in- 
creased blood  circulation  at  the  superficial  surface  there  is  a heat  loss  by 
radiation;  increased  respiration  introduces  a fresh  supply  of  air  to  be 
warmed  and  a greater  expiration  evaporating-  water.  Sweat  increase 
also  increases  the  water  evaporation  and  heat  loss.  When  the  external 
temperature  is  above  the  body  temperature  there  is  no  loss  from  the  body 
by  radiation  and  conduction  so  that  in  the  main  there  is  heat  gain.  Here 
arise  reactions  in  connection  with  the  distended  superficial  vessels,  in- 
creased respiratory  and  sweat  activity,  lessened  muscle  tonicity  and  les- 
sened heat  production,  due  to  the  diminished  muscle  activity,  so  that  the 
balance  of  heat  gain  and  loss  is  maintained.  There  is  a limit  to  this  heat 
regulation  for  when  the  external  temperature  becomes  either  cold  or  hot 
to  an  extreme,  then  in  the  case  of  extreme  cold  heat  loss  exceeds  heat 
production  to  such  an  extent  as  to  lower  the  temperature  below  life  con- 
ditions; and  in  the  case  of  extreme  heat  heat  loss  is  prevented  so  that  heat 
accumulates  in  the  system  producing  a rise  in  temperature  fatal  to  life. 
Thermotaxis  as  Reichert  points  out  may  be  abnormal  where  on  account 
of  abnormal  conditions  of  body  temperature  a new  adjustment  of  the  reg- 
ulative apparatus  is  required.  This  readjustment  can  take  place  either 
supra  or  sub-normal  the  former  being  found  in  the  case  of  fever  and  the 
latter  in  the  case  of  fall  of  body  temperature.  The  delicacy  and  accuracy 
of  this  regulatory  power  is  evident  from  the  fact  that  in  fevered  conditions 
the  centers  are  adjusted  to  the  body  condition  and  maintained  at  this  ab- 
normal standard. 

At  any  period  the  heat  of  the  body  is  approximately  uniform  through 
the  body,  about  37.4  degrees  C.  This  uniformity  is  secured  by  the  circu- 
lation of  the  blood  which  carries  heat  to  the  portions  where  heat  is  lost 
and  takes  off  heat  where  it  is  too  great.  Of  course  all  the  parts  of  the 
body  are  not  uniform  because  the  different  parts  have  different  tempera- 
tures. 

From  the  standpoint  of  thermotaxis  the  nervous  system  represents 
the  most  important  condition  regulating  heat  production  and  loss  so  as  to 
produce  normal  thermal  equilibrium.  In  connection  with  the  heat  loss 
the  vaso-motor  system  is  very  important  because  it  regulates  the  bood. 
supply  in  the  superficial  and  internal  parts  of  the  body.  The  respiratory 
center  is  also  actively  engaged  in  regulating  the  frequency  and  the  depth 
of  respiration.  The  nervous  system  also  regulates  the  muscle  metabolic 
changes.  This  regulation  takes  place  rellexly  by  the  sensory  cutaneous 
nerves  which  arc  the  chief  paths  of  afferent  impulses. 

(a)  Vaso-motor  Influence. — The  heart  is  the  source  of  the  blood  as 
distributed  throughout  the  body  and  the  heart  represents  aside  from  the 
liver  one  of  the  warmest  of  the  body  organs.  From  this  warm  center 
the  blood  is  carried  to  the  superficial  parts  of  the  body  where  the  tem- 
perature is  much  lower.  Rosenthal  distinguishes  three  separate  body 
regions,  an  internal  region  that  is  warm  and  an  external  region  that  is 
cold  and  between  these  two  a temperate  region  that  is  moderately  warm. 
Th  e-warm  region  represents  the  internal  organs  and  tissues  of  the  body, 
the  temperate  region  the  intermediate  parts,  whereas  the  cold  region  rep- 
resents the  skin  and  sub-cutaneous  tissues.  Normally  the  temperature 
increases  from  the  external  to  the  internal,  because  the  chief  sources  of 
heat  are  found  in  the  warm  and  temperate  regions  of  the  body,  whereas 
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the  greatest  heat  lossis  in  thesuperficjal  region.  By  the  circulation  of  the 
blood  the  warmer  blood  is  constantly  being-  brought  to  the  cooler  regions 
and  vice  versa.  The  difference  in  temperature  between  the  internal  and 
external  regions  will  therefore  depend  very  largely  on  the  amount  of 
blood  circulated  and  the  rapidity  with  which  the  circulation  takes  place. 
This  is  controlled  as  we  have  seen  before  by  the  vaso-motor  system  thro- 
ugh its  constrictor  and  dilator  impulses.  The  vaso-motor  center  is  in  the 
medulla  and  possibly  auxiliaries  are  found  in  the  spinal  cord.  By  the  con- 
striction of  the  cutaneous  vessels  the  amount  of  blood  circulating  in  the 
superficial  parts  of  the  body  in  diminished,  resulting  in  diminished  tem- 
perature and  therefore  less  heat  loss.  This  in  accomplished  in  connect- 
ion with  external  cold  so  that  the  body  temperature  is  thereby  preserved 
and  may  be  even  increased  as  is  evident  from  the  first  effects'  following  a 
cold  bath.  If  on  the  other  hand  warmth  is  applied  to  the  external  sur- 
faces of  the  body  the  cutaneous  vessels  are  dilated  producing  an  increase 
in  the  blood  volume  and  an  increase  in  the  temperature  of  the  surface  of 
the  body  and  so  a loss  of  heat.  Thus  the  use  of  a hot  bath  cools  the  in- 
terior of  the  body  and  this  may  be  very  rapid  as  we  find  in  the  case  of 
ague  sweating  when  it  becomes  profuse  being  marked  by  a fall  in  body 
temperature.  These  cutaneous  blood  changes  can  be  accomplished  not 
only  by  the  use  of  cold  and  heat  applied  to  the  surface  of  the  body  but 
also  by  the  feeling  and  emotions  such  as  pain,  fright,  the  emotions  having 
different  effects  in  different  individuals.  Brown-Sequard  claims  that  the 
influences  which  affect  one  side  of  the  body  are  .conveyed  to  the  opposite 
side,  claiming  that  to  place  the  hand  in  very  hot  water  raises  the  temper- 
ature of  both  hands. 

In  connection  with  vaso-motor  action  certain  difficulties  arise  in  at- 
tempting- to  explain  the  action  upon  the  changes  in  temperature.  Associ- 
ated with  the  superficial  vascular  changes  is  an  increase  or  decrease  of 
sweat  excretion  and  also  a change  in  connection  with  tissue  metabolism. 
Bernard  found  that  by  dividing  the  cervical  sympathetic  there  was  a 
dilatation  of  the  blood  vessels  and  an  increase  in  temperature  in  the  case 
of  the  ear  on  the  same  side  as,  the  division.  This  dilatation  produced  an 
increased  blood  supply  with  a greater  rapidity  in  the  flow  and  therefore  a 
rise  in  temperature.  Bernard  claimed  that  the  regulation  of  the  heat  as 
well  as  the  blood  changes  were  direct  in  connection  with  the  nervous 
system  and  that  the"' former  did  not  result  simply  from  the  latter  indir- 
ectly. This  was  confirmed  as  he  thought  by  the  fact  that  when  the  veins 
of  the  ear  are  ligatured  before  dividing  the  sympathetic  increased  tem- 
perature still  resulted.  According  to  this  theory  of  Bernard  vaso-motor 
action  did  not  increase  the  temperature  but  there  is  a special  thermogenic 
nerve  connection  so  that  the  vaso-constriction  and  tissue  thermation  rep- 
resent distinct  nervous  actions.  This  theory  was  opposed  vigorously  by 
other  experimenters  who  claimed  that  while  the  tissue  metabolism  does 
influence  to  a slight  extent  the  heat  production,  in  the  case  of  the  ear  the 
cartilaginous  tissue  is  not  the  center  of  any  active  metabolic  changes. 
The. v claim  that  the  increase  in  temperature  is  due  simply  to  the  supply 
of  blood  greater  in  amount  and  more  rapid  in  circulation.  When  the  cer- 
vical sympathetic  is  divided  on  one  side  only  the  the  temperature  in  the 
one  ear  represents  an  increase  of  from  10  to  1(>  degrees.  Schiff  claims 
that  the  difference  between  the  two  ears  is  in  direct  proportion  to  the  dif- 
ference in  amount  of  blood  found  in  each  ear.  If  before  dividing  the  sym- 
pathetic the  subclavians  and  cartoid  on  the  same  side  are  ligatured  there 
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is  a fall  in  temperature  because  of  the  lack  of  circulation.  In  proof  of  the 
fact  that  rise  in  temperature  depends  upon  the  blood  it  has  peen_sh.own 
that  with  the  sympathetic  intact,  by  ligaturing  the  subclavians  the  blood 
pressure  may  be  so  increased  in  the  cartoid  artery  as  to  raise  the  tem- 
perature of  the  ear,  so  that  the  regulation  of  temperature  takes  place  it  is 
clalme^dTrrcbnhection  with  the  blood  supply  under  the  vaso-motor  control. 
Besides  the  superficial  vaso-motor  connection  there  are  also  vaso-motor 
connections  to  the  lungs  and  other  respiratory  organs  which  must  have 
an  important  function  to  discharge  in  heat  regulation.  This  of  course  de- 
pends to  some  extent  on  the  animal.  For  example  in  the  case  of  a dog 
which  has  a thick  fur  covering  over  its  body  the  respiratory  activity  is 
manifested  chiefly  in  connection  with  the  tongue.  This  respiratory  acti- 
vity in  the  dog  is  very  great  as  it  is  estimated  that  in  extreme  heated  con- 
ditions the  dog  respiration  represents  170  to  200  per  minute  as  compared 
with  a normal  of  of  25  to  30,  Richet  estimates  that  every  hour  one  gram  of 
water  is  excreted  for  every  kilogram  of  body  weight  when  the  external 
temperature  of  the  surroundings  is  normal;  whereas  in  cases  of  large  in- 
crease of  the  external  temperature  this  may  be  increased  ten-fold,  the 
respiratory  activity  increased  to  200  per  minute.  Experiments  have  been 
made  in  connection  with  the  muzzling  of  dogs  to  prove  that  where  the  res- 
piration is  prevented  or  interfered  with  in  any  way  the  temperature  of 
the  body  rises. 

(b)  The  Influence  of  the  Spinal  Cord.  In  connection  with  the  spi- 
nal cord,  important  conclusions  have  been  reached  particularly  in  injured 
and  divided  conditions.  Many  contradictory  results  have  been  reported 
but  these  can  be  explained  lai'gely  on  the  basis  of  different  conditions 
under  which  the  different  experiments  have  been  made.  This  brings  out 
some  important  considerations,  for  it  is  found  that  different  results  are 
found  in  connection  with  injuries  at  different  parts  in  the  spinal  cord.  If 
the  division  takes  place  high  up  in  the  cord  the  paralytic  condition  will  be 
more  extended  resulting  in  a very  much  lessened  heat  production  and  a 
much  increased  heat  loss.  This  arises  from  the  loss  of  control  in  connec- 
tion with  the  nervous  system  producing  cutaneous  dilatation.  Similai'ly  a 
division  high  up  in  the  cord  will  interfere  with  the  respiratory  activity, 
whereas  if  the  division  is  low  down  respiration  will  be  only  slightly  if  at 
all  affected.  Where  the  division  of  the  cord  takes  place  very  low  down 
there  is  greater  capacity  of  adaptation,  so  that  while  the  loss  and  gain  of 
heat  are  affected  the  control  exerted  through  the  remaining  parts  can 
adapt  the  heat  production  and  loss  more  readily  to  the  body  require- 
ments. The  superficial  mass  of  the  animal  has  also  something  to  do  with 
the  effects,  because  where  the  animal  is  larger  the  superficial  surface  is 
smaller  relative  to  the  body  size  and  for  this  reason  the  heat  loss  will  be 
less  in  connection  with  vaso-motor  paralysis.  Variations  will  also  be 
found  in  the  case  of  different  animals  depending  on  the  mechanism  of  heat 
regulation.  In  the  case  of  the  dog  the  respiratory  action  largely  regulat- 
es the  body  heat  whereas  in  the  case  of  man  respiratory  action  is  small 
compared  with  the  vaso-motor  action.  Even  among  human  subjects  great 
variations  exist  as  is  found  by  comparing  persons  who  sweat  freely  with 
those  who  sweat  little.  All  of  these  conditions  are  modified  considerably 
by  the  surroundings  of  the  animal.  For  example  the  external  temper- 
ature considerably  influences  the  heat  production  and  loss.  Dogs  extend 
themselves  when  warm  whereas  when  cold  they  coil  their  limbs  and  body 
together.  In  cases  of  vaso-motor  paralysis  such  conditions  are  impossi- 
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plralysisat  P°StUrC  Can  pla-v  only  a very  sma11  Pai*t  in  cases  of  vaso-motor 

wa.s  t,he  fi.rst  J-0  observe  that  when  the  cord  was  divided  high 
il  in  the  ceivical  region  the  blood  circulation  was  not  suspended,  if  the 
lespi ration  was  kept  up  but  that  even  in  preserving  the  circulation  the 
enipei  ature  falls  rapidly.  This  is  due  to  the  heat  loss  in  connection  with 
the  blood  cu culation,  as  by  stopping  the  circulation  the  fall  in  temper- 
ature does  not  take  place  so  quickly.  Similarly  by  the  use  of  curari  in 
the  ease  of  animal  poisoning  the  nervous  activity  is  suspended  and  this  is 
accompamed  by  a fall  of  temperature,  although  the  CO2  discharged  is  not 
affected.  1 his  he  claimed  to  be  a proof  of  the  fact  that  heat  production 
does  not  depend  on  the  chemical  changes  associated  with  the  blood  and 
the  other  tissues  but  on  nervous  influences.  Phillip  found  that  in  the 
case  of  artificial  respiration  there  is  a loss  of  heat  even  in  uninjured 
animals  while  in  the  case  of  the  extirpation  of  the  brain  slow  artificial  res- 
pnatoiy  action  retards  the  fall  of  temperature,  the  temperature  in  some 
cases  being  slightly  raised.  The  fall  in  temperature  is  much  less  than  in 
the  case  of  a dead  animal  and  during  the  cooling  process  more  meat  is 
ost  than  in  the  case  of  a dead  animal.  In  confirmation  of  these  results  it 
has  been  found  that  artificial  lung  ventilation  in  a normal  animal  lowers 
the  tempei  ature  and  that  any  interference  with  respiratory  activitv  also 
lowers  the  temperature  and  that  the  continuation  of  lung  ventilation  arti- 
ficially may  so  lower  the  temperature  as  to  produce  death.  Division  of 
the  spinal  cord  between  the  third  and  fourth  vertebrae  produced  a fall  of 
(>.S  degrees  in  a rabbit.  This  was  due  to  the  increase  of  heat  loss  due  to 
pai alysis  of  the  cutaneous  blood  vessels  and  to  lessened  production  of 
heat.  The  higher  up  the  division  the  greater  the  loss  of  heat.  When  the 
pei  lpheral  end  of  the  cord  is  stimulated  the  dilatation  of  the  blood  vessels 
is  diminished  and  heat  loss  is  lessened.  Division  of  the  spinal  cord  at  the 
upper  part  of  the  dorsal  region  produced  in  the  case  of  a rabbit  a fall  in 
temperature  of  16  degrees  in  five  hours  and  in  guinea  pigs  a fall  of  22.9  de- 
grees in  24  hours  when  death  took  place.  In  the  case  of  dogs  the  division 
ol  the  dot  sal  and  lumbar  regions  of  the  cord  produces  a fall  in  temper- 
ature, a division  of  the  cervical  region  producing  a slight  rise  from  one 
half  to  one  degree,  b ischer  concludes  from  this  that  there  is  a thermal 
center  of  inhibition  in  the  cervical  region  of  the  cord.  In  the  case  of 
ci  ushing  the  spinal  cord  in  dogs  it  has  been  found  that  crushing  at  the 
6th  cervical  vertebra  produces  a fall  in  temperature,  if  however  the  exter- 
nal temperature  is  high  the  body  temperature  rises  two  or  three  degrees. 
From  a number  of  experiments  Quincke  concluded  that  nerve  fibers  ex- 
tending from  the  brain  to  the  spinal  cord  inhibit  the  heat  production  so 
that  when  division  takes  place  there  is  an  increase  both  of  heat  production 
and  loss.  Rosenthal  never  found  any  rise  of  temperature  bv  crushing  the 
spinal  cord  unless  the  external  temperature  was  increased.  He  claims 
that  a fever  produced  a rise  in  temperature  in  the  other  cases.  Others 
explain  this  as  due  to  the  fact  that  the  quick  breathing  wasdestroyed  and 
therefore  the  temperature  rose  on  account  of  respiratory  suspension  or 
inhibition.  It  has  been  found  that  by  simply  exposing  the  spinal  cord 
without  any  injury  the  temperature  of  the  body  is  raised.  In  connection 
with  respiration  Pfluger  after  dividing  the  spinal  cord  in  the  lower  cervi- 
cal region  found  that  by  increasing  the  external  temperature  the  body 
temperature  increases;  by  diminishing  the  external  temperature  the  body 
temperature  falls.  This  applies  equally  to  the  action  upon  the  metabolism 
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of  the  tissues.  The  general  conclusion  drawn  by  Schaefer  is  that  in  case 
of  the  divisionof  the  spinal  cord  in  the  lower  cervical  region  the  body  tem- 
perature falls  and  that  this  fall  is  due  to  lessened  metabolism  in  connec- 
tion with  the  muscle  activity  on  account  of  paralysis  and  also  on  account 
of  the  heat  loss  arising  in  connection  with  the  paralysis  of  the  vaso- 
motor s. 

In  other  cases  where  the  rise  or  fall  in  temperature  is  attributed  to 
direct  thermal  nervous  influence  the  effect  is  due  rather  to  the  changes 
in  external  temperature  and  to  interrupted  or  retarded  respiration,  espec- 
ially in  the  case  of  dogs.  The  respiration  in  the  case  of  dogs  is  a much 
more  important  factor  in  the  heat  production  and  dissipation  than  in  the 
case  of  man.  A large  number  of  cases  of  crushed  spines  have  been  re- 
ported and  are  cited  by  Schaefer,  the  crushing  taking  place  between  the 
tourth  and  seventh  cervical  vertebrae,  some  indicating  a fall  in  temper- 
ature and  others  a rise  the  variation  in  temperature  being  about  33  to  43.9 
degrees.  In  two  cases  the  temperature  is  reported  at  27.6  at  or  shortly 
before  death.  No  general  principles  can  be  set  forth  to  explain  theSe 
cases  because  there  have  not  been  sufficiently  careful  observations  to  dis- 
cover whether  the  temperature  changes  are  due  to  deep  or  superficial 
changes  in  the  body,  or  to  respiratory  changes  so  that  nothing  definite 
can  be  determined  as  to  how  much  of  the  effect  is  due  to  the  injury  to  the 
spinal  cord.  Pembrey  in  the  British  Medical  Journal  during  1897  re- 
ported his  own  careful  observations  in  two  cases  of  injuries  to  the  spinal 
cord  in  human  subjects.  He  found  that  in  both  cases  there  was  a lowered 
temperature  as  long  as  the  condition  was  not  complicated  by  other  dis- 
turbing conditions.  This  lowering  of  temperature  was  due  to  diminished 
heat  production  and  to  great  loss  of  heat  arising  from  the  vaso-motor  par- 
alvtic  condition.  1 he  spinal  cord  may  be  divided  into  two  sections  so  far 
as  it  has  a bearing  upon  heat  production  and  heat  loss,  the  cervical  and  the 
lower  regions;  (1)  the  division  of  the  cord  in  the  dorsal  and  lumbar  re- 
gions does  not  affect  temperature  regulation  to  so  great  an  extent  as  (2) 
the  division  of  the  cord  in  the  cervical  region;  and  (3)  the  division  of 
the  spinal  cord  high  up- in  the  cervical  region  affects  more  seriously  the 
tempei  ature  regulation  than  lower  down  in  the  cervical  region.  From 
this  we  can  conclude  that  the  cervical  region  has  a more  important  func- 
tion to  discharge  in  connection  with  heat  production  and  loss  than  the 
lower  regions.  When  the  cord  is  divided  high  up  in  the  cervical  region 
the  power  of  heat  regulation  is  altogether  destroyed.  In  the  case  of  the 

paralyzed  condition  involved  in  the  section  of  the  cord  the  body  temper- 
ature rises  and  falls  with  variations  in  the  external  temperature.  When 
the  external  temperature  is  high  the  parts  that  are  paralyzed  cease  to 
sweat;  the  respiration  is  retarded  being  confined  to  the  diaphragmatic 
respiration  so  that  lung  ventilation  is  hindered,  less  heat  passing  off 
during  expiration  and  less  heat  being  required  to  cool  the  inspired  air. 

milarJy  thc  metabolism  of  the  tissues  depends  upon  the  external  heat  so 
that  of  the  external  temperature  is  higher,  the  metabolism  is  greater  pro- 
ducing a greater  amount  of  heat. 

u ^ ^ VK  ^NI'  LUKNCE  OF  THK  Brain. — It  is  impossible  definitely  to  de- 
the  temperature  regulation  is  affected  by  the  brain.  Tsches- 
chichin  found  that  on  dividing  the  medulla  and  the  pons  in  the  case  of 
rabbits  the  temperature  rose,  in  one  case  the  rise  being  3.2  degrees  with 
a corresponding  pulse  and  respiratory  increase.  At  the  same  time  he 
01111(1  lhat  by  dividing  thc  spinal  cord  between  the  third  and  fourth  ccr* 
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vical  vertebrae  there  was  a fall  in  temperature,  in  one  case  amounting-  to 
6.5  degrees.  He  concluded  from  his  experiments  that  there  is  an  accel- 
erator center  in  the  brain  and  also  an  inhibitory  center  m~fhe  brain  regu- 
lating heat  variations."  Various  other  experimenters  took  Up  the  same 
and  similar  cases  and  found  contradictory  results.  Heidenhain  found 
that  by  puncturing-  between  the  medulla  and  the  pons  the  rise  in  temper- 
ature was  more  mat'ked  all  over  the  body  both  internal  and  external,  indi- 
cating that  there  must  be  an  increase  in  the  heat  production.  Bruck 
found  that  by  electrically  exciting  the  junction  of  the  medulla  and  pons 
the  same  result  followed  and  that  this  was  due  to  the  stimulation  of  in- 
jury. Later  it  was  found  that  by  injuring  any  portion  of  the  pons,  the 
crura,  the  cerebellum  or  cerebrum  there  was  a rise  in  temperature  if  too 
rapid  evaporation  of  heat  was  prevented  by  covering  the  body.  Landois 
found  that  by  destroying  part  of  the  brain  cortex  close  to  the  cruciate 
groove  there  was  a rise  of  temperature  which  was  more  marked  on  the 
side  of  the  body  opposite  to  the  injury.  This  it  was  claimed  arose  in  con- 
nection with  disturbed  vaso-motor  action.  Injuries  to  the  frontal  lobe 
and  to  the  corpora  striata  produce  a rise  in  temperature.  Sachs  reports 
that  in  using  a very  delicate  probe  no  change  in  temperature  was  found  in 
connection  with  the  puncture  of  the  cerebral  hemispheres  but  a puncture 
through  the  median  portion  of  the  corpus  striatum  did  produce  a rise 
that  continued  for  several  days,  similar  to  that  producd  by  electric  exci- 
tation of  the  corpora  striata.  In  these  two  cases  the  superficial  tempera- 
ture as  well  as  the  internal  temperature  increased  and  respiration  was  in- 
creased, together  with  an  increase  in  nitrogenous  excretion.  From  this 
it  was  concluded  that  the  increased  temperature  depends  upon  increase 
in  metabolism  arising  from  the  excitationof  the  corpora  striata.  These  ex- 
periments have  been  applied  to  the  optic  thalamus  so  that  the  corpora 
striata  and  optic  thalami  evidently  have  the  power  of  regulating  in  some 
way  the  body  temperature  and  this  is  not  accomplished  through  the  vaso- 
motor system  but  directly.  It  is  this  evidence  that  we  have  referred  to 
already  in  connection  with  the  thermal  centers.  Aside  from  these  ther- 
mal centers  the  mechanism  of  heat  regulation  is,  associated  with  vaso- 
motor action  and  with  the  influences  of  the  respiratory  centers.  It  seems 
probable  that  the  thermal  centers  have  to  do  with  the  control  of  temper- 
ature in  connection  with  the  metabolism  of  the  tissues,  producing  in- 
crease of  metabolism  when  there  is  a tendency  on  the  part  of  the  temper- 
ature to  fall  and  vice  versa.  Hence  when  the  centers  are  away  there  is 
no  control  of  the  metabolism  of  the  tissues  and  for  this  reason  the  tissue 
metabolism  is  governed  by  external  circumstances. 

Heat  loss  is  regulated  either  voluntarily  or  involuntarily.  As  we 
have  seenTt  flepends  largely  on  the  conitdion  of  the  cutaneous  blood  ves- 
sels and  these  are  subject  to  nervous  control.  When  the  skin  is  cold  it  js 
pale  and  the  blood  vessels  are  constricted.  When  the  external  atmos- 
phere is  hot  the  skin  becomes' flushed,  the  vessels  are  distended  and 
there  is  an  increase  of  temperature.  Here  the  organism  endeavors  to 
to  sustain  an  equilibrium  of  temperature  so  as  to  regulate  the  loss  of  heat 
in  connection  with  radiation  and  conduction.  It  is  possible  to  regulate 
the  body  heat  even  in  very  extreme  cases  of  heat  and  this  depends  largely 
on  the  dryness  of  the  air  as  distinguished  from  its  moistured.  The  reason 
of  this  is  that  when  the  air  is  dry  there  is  a free  sweat  excretion  and 
evaporation  and  this  tends  to  cool  the  surface  of  the  body  so  that  the  heat 
is  not  felt  so  intensely.  When  the  air  is  saturated  with  moisture  there  is 
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not  much  sweat  excretion  and  little  pulmonary  excretion  of  heat  is  pos- 
sible, so  that  as  the  heat  is  accumulated  in  the  body  the  temperature  be- 
comes excessive  resulting-  in  death.  In  the  case  of  extreme  cold  the  thick 
fur  of  the  arctic  animals  assists  in  the  prevention  of  heat  loss.  It  is  found 
that  increase  or  decrease  of  external  temperature  has  a modifying-  effect 
on  the  coat  of  fur,  hair  or  wool  becoming  thicker  when  the  cold  becomes 
intense  and  lighter  whei*e  the  heat  is  increased. 

In  the  case  of  man  however  these  involuntary  factors  are  not  of  so 
much  importance  as  the  voluntary  factor.  r\  his  is  represented  by  cloth- 
ing which  prevents  the  loss  of  heat  from  the  body  by  preserving  the  me- 
dium of  resting  air  that  does  not  conduct  the  heat  away  from  the  body- 
It  is  for  this  reason  that  two  or  three  coatings  of  thinner  materials  are  of 
greater  heat  preserving  value  than  a single  thick  coating,  because  the  air 
is  preserved  in  different  layers.  In  facilitating  the  loss  of  heat  the  re- 
moval of  one  or  more  of  those  layers  of  clothing  assists  the  cooling  pro- 
cess by  permitting  radiation  and  conduction  free  course  and  also  by  per- 
mitting the  vaporous  air  arising  from  the  sweat  to  evaporate  part  of  the 
heat.  All  of  these  expedient  represent  the  voluntary  element  in  the  cool- 
ing processes.  The  heat  production  is  governed  also  by  direct  voluntary 
action.  During  rest  particularly  during  sleep  the  heat  production  is  dim- 
inished, hence  in  the  hot  tropical  countries  men  as  well  as  animals  lie 
down  to  rest  during  the  intense  heat  of  the  day,  this  representing  a physi- 
ological principle. 

Heat  productiomis- also  influenced  by  involuntary  nervous  action. 
Extreme  cold  produces  a nervous  shock  resulting-in  muscular  twitchings 
such  as  tremorsT  the  result  of  which  is  the  production  of  heat.  When 
cold  is  applied  artificially  to  the  body  there  is  an  increased  metabolic  ac- 
tivity evident  in  the  increased  production  of  CO2  and  increased  consum- 
ption of  O.  Curari  given  to  a rabbit  paralyzes  the  motor. nerve  endings 
withdrawing  from  the  skeletal,  muscles  influences  that  in  normal  condit- 
ions would  have  been  stimuli  to  them.  This  indicates  that  certain  impul- 
ses when  unimpeded  have  important  influences  on  the  chemical  processes 
taking  place  in  connection  with  the  muscles.  Contraction  in  the  case  of  a 
muscle  has  an  important  influence  on  heat  production.  If  a frog  is  given 
curari  and  the  gastrocnemius  muscle  is  brought  into  contact  with  the  re- 
sistance thermometer  and  stimulus  is  applied  to  the  nerves  that  supply 
the  muscle  there  is  an  increase  of  heat  as  long  as  the  muscle  contraction 
lasts.  When  the  curari  poison  paralyzes  the  muscle  and  so  prevents  con- 
traction there  is  no  heat  increase.  From  this  it  is  concluded  that  a very 
important  element  in  the  heat  production  i,s  the  muscle  activity  as  rep- 
resented in  the  metabolism^  Eoewy  has  stated  in  line  with  this  that 
when  The  shivering  condition  produced  by  cold' is  retarded  by  the  exer- 
cise of  the  will  there  is  no  heat  increase.  In  the  larger  animals  including 
man  this  is  true,  the  metabolism  depending  largely  on  the  action  of  the 
muscles  and  this  activity  being  manifested  in  connection  with  heat  pro- 
duction. In  man  his  environment  is  subject  to  his  own  regulation  very 
largely. 

Lorrain  Smith  has  pointed  out  that  when  the  thyroid  glands  are  re- 
moved the  production  of  heat  varies  more  according  to  external  changes 
as  in  the  case  of  a cold  blooded  animal,  possibly  because  of  the  absence  of 
the  internal  secretion  in  the  body  arising  from  these  glands  which  has  an 
important  metabolic  value.  According  to  what  we  have  said  the  muscles 
a n dglands  represent  the  great  Teat  producing  centers.  IT  the  heat  were 
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«ncrasni^vln  rtliminatf  T.",’  Tf  tho  temperature  would  soon 
of  hS  / , thcs®  P^rts  of  the  body.  lienee  part  of  the  function 

theimotaxal  mechanism  is  to  distribute  the  heat  so  produced  in’ 
these  centers  throughout  the  rest  of  the  body.  In  some  structure*  a* 

1 • hfTeS;adl?0S!.tl^Ues’  cartilages  and  the  cuticle  there  is  only  a very 
slight  heat  production.  The  circulation  of  the  blood  carries  theheatover  the 

entii  e body,  while  to  a certain  extent  the  principles  of  radiation  and  con- 
ductmn  account  for  a part  of  this  heat  distribution.  This  distribution 
does  not  take  place  with  uniformity  otherwise  there  would  be  an  even 
temperature  over  the  entire  body.  As  we  have  said  before  the  liver  rep- 

od^  ThSff  temperature  than  the  other  organs  and  tissues  of  the 
bod>.  T his  diffei  ence  m the  temperature  of  the  different  parts  is  due  to 

ii, . i * i ^ ^ b i n g place  largely  in  the  muscles.  In 

the  case  of  a dog-  weighing-  about  15.4  lbs.  there  is  about  1.1  lbs.  of  blood- 
one  foui  th  of  this  or  .2/  lbs.  is  found  in  the  skeletal  muscles  and  the  cir- 
c illation  of  the  blood  m those  muscles  occupies  about  ten  seconds.  This 
would  represent  about  360  times  in  an  hour  that  the  blood  passes  through 
iese  muscles,  representing-  about  9,000  heat  calories  per  hour  or  a boll  t 
lalt  of  the  heat  production  per  hour  in  the  case  of  a dog-.  Pouring  into 
the  heart  are  two  streams  of  blood  at  different  temperatures  at  the  "Verne 
cayee,  these  volumes  of  blood  mingling  in  the  heart.  According- to  Heid- 
enhain  the  right  ventricle  is  slightly  higher  in  temperature  than  the  left, 
this  representing  the  temperature  of  the  cavities  rather  than  that  of  the 
blood  in  the  cavities.  The  right  ventricle  with  its  thin  walls  is  heated  by 
contiguity  to  the  very  warm  liver,  the  heat  passing-  bv  conduction  throiiTh 
the.  separating  diaphragm,  while  the  left  ventricle  ‘is  cooled  bv  radiation  in 
connection  with  the  lungs.  The  blood  is  not  cooled  by  passing  throng- h 
the  pulmonary  capillaries  because  the  air  has  been  raised  to  about  l.oh- 
tempei  atui  e before  it  reaches  the  alveoli.  That  the  cooling  does  not  take 
place  in  connection  with  the  lungs  has  been  proved  in  connection  with 
suspended  i espi ration  and  also  with  artificial  respiration,  both  warmed 
ancl  cooled.  There_iindoubtedly  is  in  connection  with  the  heart  an  im- 
portant heating-  process  due  to  cardiac  activity  and  this  heat  thus  pro- 
duced in  the  heart  may  be  conveyed  to  the  right  side  of  the  heart  thro  a >-h 
the  coronary  venous  circulation'  __so  that  the  circulati on  when  added  to 
muscle  activity  accounts  for  the  difference  in  tempearture. 

I he  superficial  temperature  is  taken  as  a general  index  of  the  loss  of 
heat  and  the  internal  temperature  as  the  index  of  heat  production.  If 
the  superficial  temperature  is  normal  and  the  rectal  temperature  increas- 
ing then  probably  there  will  be  an  increase  in  heat  production. 

II  the  rectal  temperature  is  rising  and  the  superficial  temper- 
ature diminishing  this  may  be  due  to  lessened  heat  loss  or  to 
greatly  lessened  heat  loss  and  at  the  same  time  gain  through  heat 
production.  In  connection  with  heat  loss  the  surface  of  the  clothing 
represents  the  real  radiating  surface,  the  skin  unless  unclothed 
not  representing  the  radiating  surface.  This  rad  in  lion  is  govern^  hy 
phy  steal  laws  depending-  on,  (1)  the  difference  in  body  temperature  as 
compared  with  the  temperature  in  the  external  medium;  and  < 2 i the  co- 
efficient of  the  emission  of  heat.  The  coefficient  of  emission  according  to 
Stewart  does  not  vary  very  much  in  ordinary  cases,  the  chief  variation 
being  found  in  the  difference  of  temperature  between  the  body  and  its 
environment.  This  variation  in  temperature  may  be  modified  consider- 
ably by  clothing.  Clothing  is  designed  to  keep  the  body  heat  from  evap- 
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orating-  so  that  when  heat  is  produced  in  connection  with  the  oxidation  of 
the  food  elements  the  heat  is  normally  preserved  within  the  body.  It  is 
important  in  connection  with  clothing-  to  use  materials  that  do  not  con- 
duct heat  freely  both  in  winter  and  summer,  because  these  represent  the 
most  efficient  body  protectors.  Landois  puts  in  order  the  conductors 
from  the  worst  to  the  best,  hare  skin,  down,  beaver  skin,  raw  silk, ..taffeta, 
sheep's  wool,  cotton  wool,  flax  and  silk  when  spun.  In  connection  with 
heat  radiation  the  heat  is  more  easily  radiated  from  a smooth  than  from  a 
rougher  surface.  In  regard  to  the  absorption  from  the  external  medium 
such  as  the  rays  of  the  sun  light  colored  materials  absorb  less  heat  and 
hence  are  cooler  in  summer  than  dark  clothes.  In  regard  to  water  and 
vapor  evaporation  and  absorption  linen  clothing  will  absorb  about  half  as 
much  as  woolen  garments,  the  linen  garment  evaporating  more  rapidly. 
Hence  woolen  garments  next  to  the  skin  are  less  easily  moistened  and 
they  do  not  lose  heat  so  quickly  by  evaporation,  being  for  this  reason 
better  heat  protectors  in  cold  weather.  Clothing  therefore  is  a protect- 
ion against  excessive  heat  and  cold  so  that  it  represents  a physiological 
necessity. 

In  connection  with  the  equalization  of  heat  production  and  loss  it  is 
not  possible  to  account  for  the  heat  produced  and  expended  simply  on  the 
basis  of  the  caloric  value  of  food  taken  into  the  body  and  consumed  by 
the  tissues.  In  connection  with  this  it  is  important  to  remember  that 
water  is  produced  within  the  system  in  excess  of  that  taken  in  food  and 
drink.  Pettenkofer  and  Voit  have  proved  that  there  is  a large  increase  of 
water  excreted  in  the  case  of  severe  muscular  work,  the  increase  contin- 
uing during  the  resting  period  of  sleep.  Even  in  case  of  abstinence  from 
food  it  has  been  found  that  there  is  a steady  water  production.  This 
takes  place  in  connection  with  H oxidation,  the  H being  taken  from  the 
tissues.  Flint  states  that  this  H material  taken  from  the  tissues  in  wat- 
er production  is  again  given  back  to  the  tissues  so  as  to  sustain  the  equi- 
librium of  the  tissues.  This  water  formation  involves  an  important 
element  in  heat  production.  Here  we  have  the  fundamental  principle 
which  explains  certain  phenomena  otherwise  difficult  to  explain.  Physi- 
cal  culture  of  the  proper  kind  is  known  to  have  the  effect  of  reducing  an 
overplus  of  body  fat.  It  is  necessary  for  this  that  along  with  physical  ex- 
ercise there  should  be  a diet  consisting  largely  of  solids  with  only  a small 
percentage  of  fats  and  liquids.  The  physical  exercise  produces  profuse 
respiration,  thus  eliminating  water  and  increasing  the  heat  production 
within  the  system.  The  exercise  thus  in  connection  with  diminished 
fats,  liquid  and  carbohydrates  results  in  increased  non-nitrogenous  con- 
sumption within  the  body,  resulting  in  excessive  water  production  and 
the  stimulation  of  the  blood  circulation.  By  this  increased  circulation 
particularly  i n the  lungs' and  on  the  surface  of  the  body  there  is  a rapid 
elimination  of  the  water  which  gets  rid  of  the  superfluous  matter  produced 
in  the  oxidation  processes  and  equalizes  the  body  temperature.  The  per- 
spiration represents  a continuous  secretion  in  normal  conditions  being  so 
slowly  exuded  as  to  be  carried  off  rapidly  by  evaporation,  called  insensi- 
ble transpiration. 

1 hus  we  may  conclude  that  an  increase  in  heat  production  may  be  in- 
duced by  tissue  activity  chiefly  in  the  muscles  and  glands.  Resulting 
f i om  this;  heat  is  imparted  to  the  blood,  resulting  in  connection  with  ner- 
\ous  stimulation  in  (a)  accelerated  respiratory  activity  which  increases 
t ic  amount  of  the  air  to  be  heated  and  thus  takes  up  part  of  the  surplus 
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heat,  (b)  dilatation  of  the  cutaneous  blood  vessels,  resulting  in  the  evrmt- 
a larger  blood  surface  and  therefore  a cooling  of  the  blood:  \ m\,n- 

rapid  heart  activity  on  account  of  which  a greater  volume  of  blood  B 
tin  own  out  to  the  surface  of  the  body  and  air  passage-;  d j. 
sweat  excretion  resulting-  in  evaporation.  If  there  is  a lessened  'heat” pro- 
duction on  account  of  tissue  inactivity  the  reverse  of  this  is  true  in  the 
case  of  these  four  elements  in  the  balancing-  of  heat  loss  and  g-ain.  This 
regulates  the  internal  temperature,  compensating  for  variations  above  or 
below  the  normal.  By  the  dilatation  or  constriction  of  the  cutaneous  ves- 
sels stimuli  are  sent  up  to  the  various  heat  centers  which  result  in  the 
nervous  regulation  of  the  heat  mechanism  so  as  to  balance  heat  loss  by 
heat  production  and  vice  versa.  The  principal  factors  then  in  regulating- 
body  temperature  belong  to  the  department  of  expenditure  and  there- 
fore represent  (a)  variations  in  the  volume  of  blood  exposed  and  cooled, 
and  (b)  variations  in  the  amount  of  moisture  that  is  allowed  to  evaporate; 
all  of  these  taking  place  under  the  regulation  of  (a)  the  nervous  centers,’ 
in  connection  with  [b]  the  special  heat  centers,  and  [c]  the  vaso-motor, 
respiratory  and  sweat  centers. 

SECTION  VI.  Energy  Income  dHd  Expenditure. 

Generally  the  source  of  animal  heat  is  the  potential  energy  of  the  food. 
Very  little  is  derived  directly  from  the  warmth  of  food  or  drink  or  from 
the  external  heat  of  the  sun,  so  that  these  may  be  set  aside  as  figuring 
very  slightly  in  the  income.  The  animal  body  is  a mechanism  for  the 
transformation  of  potential  into  actual  energy.  The  food  furnishes  the 
potential  energy  the  body  metabolism  converting  it  into  active  energy  in 
connection  with  the  animal  heat  of  the  body  and  mechanical  energy  of  the 
body  in  its  external  or  gaps  and  external  functional  activity.  The  income 
of  energy  thus  substantially  consists  of  the  oxidation  taking  place  in  con- 
nection with  the  food  elements.  The  conversion  of  potential  energy  into 
actual  energy  may  take  place  either  directly  or  indirectly.  Directly  it 
takes  place  as  a direct  result  of  the  processes  of  decomposition  associated 
with  alimentation,  secretion  and  excretion;  indirectly  it  takes  place  in  con- 
nection with  the  mechanical  action  of  the  body  involved  in  muscle  con- 
traction, the  circulation  of  the  blood,  the  action  of  the  different  organs 
and  the  external  movements  of  limbs,  joints  etc..  The  former  represents 
the  lai'ger  part  of  this  transformation  about  nine  tenths  of  the  body 
energy  being  directly  produced  by  chemical  actions  and  reactions,  one 
tenth  depending  upon  the  body  activity  In  the  transformation  of  poten- 
tial energy  into  kinetic  energy  oxidation  processes  supply  animal  heat  to 
the  body  and  there  is  furnished  a liberation  of  energy  in  the  form  of  elec- 
tricity and  mechanical  action.  The  larger  part  takes  the  form  of  heat. 
In  muscle  contraction  four-fifths  of  the  energy  takes  the  form  of  heat  and 
and  one  fifth  represents  activity  which  becomes  reconverted  in  the  body 
into  heat  again.  The  foods  as  we  have  seen  enter  the  body  system  in  the 
proteid,  fat  and  carbohydrate  forms  and  when  oxidized  produce  urea, 
CO2  and  H2O,  together  with  certain  extractive  substances.  During  these 
oxidation  processes  the  same  result  is  arrived  at  in  the  transformation  of 
potential  to  kinetic  energy  whether  a series  of  changes  take  place  or  a sin- 
pie  change  before  the  final  result  is  reached.  ri  he  chief  point  in  the 
energy  production  is  the  formation  of  the  end  products.  For  example 
the  energy  value  of  one  gram  of  proteid  is  the  amount  of  heat  that  is 
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evolved  in  connection  with  the  complete  oxidation  of  that  one  gram  minus 
the  energy  that  it  wasted  in  connection  with  the  urea  that  arises  in  the 
oxidation  process.  In  this  way  estimates  have  been  made  by  calorimet- 
ric observations  of  the  amount  of  energy  in  the  case  of  the  different  sub- 
stances. It  is  estimated  that  one  gram  of  proteid  represents  when  ox- 
idized about  8,080  calories;  one  gram  of  H oxidized  yields  about  34,460 
calories;  one  gram  of  proteid  represents  when  oxidized  about  5,778  calor- 
ies; one  gram  of  fat  about  9,300  calories;  one  gram  of  carbohydrate  4,100 
calories.  According  to  Ranke  the  normal  diet  consists  of  100  grams  of 
proteid,  100  grams  of  fat  and  250  of  carbohydrates,  which  roughly  would 
give  on  a caloric  basis  2,400,000  calories  of  heat.  This  heat  supply  is  de- 
rived from  the  metabolic  oxidation  of  proteids,  fats  and  carbohydrates. 
By  the  O taken  in  through  the  lungs  these  food  substances  are  oxidized 
forming  C02,  H20,  urea  and  other  end  products.  These  food  products 
are  the  products  of  certain  processes  in  the  plant  and  animal  life  in  con- 
nection with  the  storage  of  solar  heat.  In  their  oxidation  this  solar  heat 
is  liberated  and  by  the  conservation  of  energy  assumes  a form  that  is 
suitable  for  bodv  use.  In  connection  with  this  law  of  the  conservation  of 
energy  we  find  that  none  of  the  energy  of  the  substance  is  lost,  so  that  to 
burn  the  su-bstance  outside  of  the  body  would  give  practically  the  amount 
of  heat  liberated  so  that  combustion  within  the  body  is  practically  the 
same  in  its  results  as  combustion  outside  of  the  body. 

From  this  standpoint  estimates  are  made  of  the  amount  and  charac- 
ter of  the  food  and  the  amount  and  character  of  the  wastes  eliminated 
from  the  body;  from  these  esimates  are  formed  of  the  income  and  ex- 
penditure. Care  must  be  taken  however  in  these  estimates  as  the  proteid 
oxidation  is  not  so  perfect  within  the  body  as  it  is  outside,  as  the  urea 
formation  represents  an  amount  of  energy  thrown  off  which  requires  to 
be  deducted  from  the  total  available  energy  from  the  nitrogenous  food. 
In  the  case  of  the  fats  and  carbohydrates  as  well  as  the  proteids  an  oxidat- 
ion equivalent  is  formulated  which  is  taken  as  the  average  combustion 
value  of  the  substances.  The  oxidation  equivalent  of  one  gram  of  meat 
free  from  fat  is  5,641  Ca  and  of  veal  5,660  Ca,  in  the  case  of  muscle  ex- 
tracted with  water  Rubner  estimates  it  at  5,778  Ca,  of  fibrin  5,511  Ca,  eg-g 
albumin  5,579  Ca.  The  oxidation  equivalent  of  urea  is  2,523  Ca.  As  one 
gram  of  proteid  gives  rise  to  one-third  gram  of  urea  it  is  necessary 
to  subtract  841  Ca  from  the  oxidation  equivalent  of  one  gram  of  proteid 
in  order  to  get  its  available  energy.  Speaking  generally  one  gram  of 
proteid  represents  from  5,200  to  5,800  Ca  and  if  we  deduct  841  from  this 
it  gives  us  about  4,300  to  4,900  Ca  as  the  equivalent  of  one  gram  of  pro- 
teid. In  the  case  of  fat  meats  the  equivalent  is  9,360,  of  butter  7,200  to 
9,100  or  as  Stohmann  averages  it  9,312.  One  gram  of  starch  equals  about 
4,123  Ca,  Cellulose  3,692,  cane  sugar  3,866.  The  oxidation  equivalent  of 
one  gram  of  fat  therefore  is  about  9,300  and  one  gram  of  carbohydrates 
4,100,  the  fat  having  a larger  oxidation  value  than  the  carbohydrates. 
From  a dietetic  standpoint  less  fat  is  used  because  of  the  difficulty  in  di- 
gesting and  absorbing  it  as  compared  with  carbohydrates.  Having  the 
oxidation  equivalent  it  is  easy  to  estimate  the  interchangeable  value  of 
these  substances,  fats  and  carbohydrates  being  regarded  as  interchange- 
able. The  ratio  is  one  to  2.2,  that  is,  carbohydrates  may  replace  about 
half  their  weight  of  fats  in  the  food.  Rubner  has  made  experiments  in 
connection  with  determining  the  energy  value  of  foods  in  animals,  (1)  by 
directly  measuring  in  connection  with  the  calorimeter  the  heat  given  off 
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from  an  animal  in  a day,  and  (2)  indirectly  by  feeding-  on  definite  and 
known  quantities  of  proteids,  fats  and  carbohydrates  and  collecting-  the 
excretions  so  as  to  find  what  is  destroyed  and  how  much  is  destroyed. 
So  accurate  were  the  calculations  of  Rubner  that  the  two  methods  g-ave 
practically  uniform  results.  As  the  foods  contain  C,  H,  O and  N and  as 
the  the  end  products  are  C02,  H20  and  urea,  it  is  easy  to  calculate  the 
amount  of  energy.  As  we  found  above,  only  about  one-tenth  of  the  avail- 
able energy  assumes  the  form  of  work,  hence,  it  is  safe  to  regard  for  the 
present  the  entire  energy  as  becoming  heat.  Hence,  in  estimating  the 
income  of  energy  we  may  find  it  out  in  four  ways:  (1),  by  estimating  the 
amount  of  O used  up;  (2),  by  estimating  the  amount  of  C and  H used  in 
connection  with  oxidation;  (3),  from  the  composition  of  the  food  and  its 
amount  so  as  to  estimate  its  combustion  value  outside  of  the  body;  (4),  the 
amount  of  heat  produced  may  be  estimated  by  the  use  of  the  calorimeter. 
In  connection  with  the  last  two  methods  recent  experiments  have  been 
made  very  successfully.  It  is  easy  to  find  the  amount  of  heat  evolved  by 
the  combustion  of  any  given  quantity  and  quality  of  food.  If  the  diet, 
therefore,  should  be  as  it  is  normally,  120  grams  of  proteid,  90  of  fat  and 
330  of  carbohydrates,  we  would  have  about  2,800,000  Ca,  as  the  total  heat 
production  in  a day  assuming  that  complete  digestion  and  absorption  take 
place.  In  order  to  bring  this  to  a regular  normal  we  must  deduct  the  pro- 
portion of  undigested  food  found  in  the  excretions.  In  connection  with 
the  calorimeter  we  get  approximate  estimates  of  the  amount  of  heat  pro- 
duced and  lost  during  a day  by  estimating  for  a part  of  a day.  This,  how- 
ever, does  not  estimate  correctly  the  income  of  the  body  because  varia- 
tions take  place  from  day  to  day  and  even  at  different  periods  during  the 
day,  heat  being  acquired  only  at  specific  intervals  in  connection  with  the 
food,  whereas,  expenditure  takes  place  continuously. 

In  connection  with  the  law  of  the  conservation  of  energy  it  is  evident 
that  the  single  causeof  animal  energy  is  the  chemical  processes  involved  in 
the  oxidation  of  the  food.  This  chemical  energy  assumes  tow  forms,  heat 
and  motion.  As  a given  amound  of  chemical  action  produces  a certain 
amount  of  heat  and  motion  we  can  estimate  the  income.  It  is  not  easy 
absolutely  to  make  such  an  estimate  because  the  chemical  processes  in 
the  human  body  are  complex  and  these  processes  are  accompanied  by 
physical  changes  which  require  to  be  taken  account  of  in  estimating  the 
results.  The  decomposition  of  substances  chemically  involves  the  ab- 
sorption of  an  amount  of  heat  equivalent  to  the  amount  that  would  have 
been  evolved  by  a union  of  the  chemical  substances.  In  making  the  esti- 
mates, therefore, account  requires  to  be  taken  of  the  combination  and  al>o 
decomposition  changes.  To  get  this  external  to  the  body  the  substances 
are  inclosed  in  a calorimeter  the  rise  and  fall  in  temperature  being  marked 
as  the  basis  of  the  calorific  equivalent  of  the  substance  consumed.  In 
connection  with  the  substances  of  greatest  importance  a number  of 
oerimenters  have  determined  their  calorific  value  as  follows:  li  A4,6>_,u 

* _ _ « . « /•<->/  i . _ i i hr  A ,,  k ^ « A 1 1 A a f v*»v  xr/Vib  a 4A0  <ornin  albumin 


o 74i  The  different  food  stuffs  have  different  caloric  values,  the  phvsu  - 
ai  value  depending  upon  the  caloric.  Danilewsky  estimates  the  «sodyn- 
-imic  value  of  food  stuffs  in  relation  to  fats  taking  the  fat  as  a stand  a i da 
100  grams,  the  others  being,  starch  220,  grape  sugar  2d0,  cane  sugai  -36, 
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cellulose  221,  peptone  201,  meat  extract  224.  All  of  the  caloric  value  is  not 
taken  advantage  of  as  some  escapes  in  the  excretions.  This  is  true  of  all 
the  proteids,  whereas,  the  fats  and  carbohydrates  seem  to  be  oxidized  to 
their  full  value  in  the  system.  Rubner  took  a dog  of  about  26J4  pounds. 
He  u-ave  it  a definite  amount  of  food  and  meat  once  daily,  measuring  the 
heat  bv  the  calorimeter  and  collecting  the  excretions  including  the  C02  and 
HiO,  the  dog  resting  absolutely  so  that  no  energy  was  expended  as  work. 
He  calculated  the  heat  production  as  follows:  N excretion  3.06  Ca,  C from 
fat  16.38,  proteid  77,  fat  201.5,  total,  278.5  kilogram-Ca,  as  compared  with 
a total  loss  of  heat  of  276.8  kilogram-Ca.  Rubner  regards  the  living  body 
as  a calorimeter  so  that  as  such  it  can  be  used  in  determining  combustion 
values.  In  this  wav  the  experimental  method  can  be  tested  and  the  i e- 
sults  compared  with  what  we  find  in  connection  with  the  combustion  of 
the  substances  outside  of  the  body.  There  are  three  methods  made  use 
of  in  these  Calculations;  (1)  Helmholtz  was  the  fii  st  to  balance  the  income 
and  expenditure  in  the  case  of  a human  subject.  The  income  he  divided 
into  three  sources,  (a)  Estimating  the  expiration  in  connection  with  the 
amount  of  C necessary  to  produce  the  CO2,  878.5  grams  of  CO2  requiring 

1.731.000  Ca.  (b)  The  excess  of  O not  appearing  in  CO2  form  used  up  in 
the  oxidation  processes  in  forming  H2O  by  uniting  with  H,  13.5  grams  of 
H producing  318,500  Ca.  (c)  About  25  per  cent  not  produced  by  oxidation 
representing  heat  derived  from  clothing,  artificial  heating,  etc.,  in  all 

2.732.000  Ca.  The  expenditure  of  heat  is  found,  (a)  in  the  heating  of  the 
food  taken,  2.6  percent;  (b)  in  heating  the  air  inspired,  2.6  percent;  (c)  ev- 
aporated in  connection  with  the  expiration  from  the  lungs,  14.7  percent;  ■ 
(d)  radiated  and  evaporated  from  the  skin  80.1  per  cent.  Taking  it  that 
the  energy  is  expended  in  the  form  of  heat  Vierordt  estimates  that  there 
is  a loss  in  the  urine  and  faeces  of  1.8  per  cent,  in  expiration  3.5  per  cent,  • 
by  lung  evaporation  7.2  percent,  by  skin  evaporation  14.5  percent  and  by 
skin  radiation  73  percent.  (2)  The  Dulong  principle  based  on  the  heat 
derived  from  the  oxidation  of  C'and  H,"  these'  esHrriates  being  derived 
from  the  combustion  of  C and  H outside  the  body.  (3)  The  Frankland 
principle  based  on  the  oxidation  of  the  actual  food  substances  deducting 
the  amount  lost  by  reason  of  unused  energy  in  the  waste  matters.  Com- 
parison of  the  results  indicates  that  the  second  method  gives  simply  an 
approximation  to  the  true  results,  while  the  third  is  the  method  adopted 
almost  universally,  the  heat  values  of  an  individual  adult  per  day  being-  es- 
timated at  1,800,000  in  the  case  of  a minimal  food  supply  to  3,780,000  in 
the  case  of  a maximal  food  supply,  in  the  case  of  very  severe  muscular 
exercise,  according  to  Danilewski. 

The  heat  produced  in  the  body  and  in  the  organs  of  the  body  is  dis- 
tributed in  part  by  the  blood  circulation  and  partly  by  the  physical  prin- 
ciples of  conductivity.  The  law  of  conductivity  applied  to  the  body  is 
that  the  amount  of  heat  passing  from  one  part  of  the  body  to  another  in- 
creases with  the  cross  section  of  the  tissue  intervening  the  density  of  the 
intermediate  medium  and  the  difference  in  temperature  in  the  two  parts 
of  the  body.  The  loss  of  heat  takes  place  from  space  to  space  by  radia- 
tion and  by  the  heat  passing  into  a latent  condition.  The  blood  vessels 
cofrEaining  a fluid  that  is  normally  in  rapid  circulation  represents  the 
great  medium  of  the  distribution  of  heat,  the  blood  tending  to  equalize 
the  temperature  of  the  different  parts  of  the  body.  Heat  is  lost  from  the 
body  in  connection  with  the  respiratory  process  and  in  alimentation  bv 


the  heatin'^  of  cold  food.  Heat  is  lost  from  the  body  in  connection  with 
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the  external  medium  in  which  the  body  lives.  Several  attempts  have 
been  made  to  estimate  the  amount  of  heat  given  off  in  an  indirect  way  in 
connection  with  the  body  activities  internally.  This  has  been  done  bv 
deducting-  the  daily  loss  in  connection  with  mechanical  activity  from  the 
normal  amount  of  heat  income.  Of  100  Ca  of  heat  it  is  estimated  that  80 
percent  passes  of  by  radiation,  15  percent  by  evaporation,  2 and  one  half 
percent  by  respiration  and  2 and  one  half  percent  in  heating-  the  food. 
Thus  a larg-e  percentag-e  is  lost  in  connection  with  the  skin  indicating-  the 
important  function  of  the  skin  in  connection  with  animal  heat.  This 
forms  the  basis  of  hygienic  conditions  relative  to  clothing-,  as  the  wearing 
of  warm  clothing-  next  to  the  skin  prevents  the  rapid  cooling-  of  the  bodv, 
thus  maintaining-  normal  animal  temperature.  To  maintain  the  animal 
temperature  is  one  of  the  physiological  necessities  of  life  in  the  case  of 
the  human  subject  so  that  the  problem  of  animal  heat  is  really  that  of 
balancing-  the  heat  loss.  This  is  accomplished  chiefly  in  connection  with 
the  circulation  and  the  skin,  cold  lessening-  the  heat  loss  bv  lessening-  the 
blood  flow  throug-h  the  skin,  diminishing-  the  sweat  excretion  an  thus  les- 
sening- the  amount  of  heat  that  becomes  latent.  Clothing-  that  is  a non- 
conductor of  heat  also  prevent  the  loss  of  heat  by  keeping  the  warm  air 
medium  around  the  outer  sur  face  of  the  body.  ’ The  income  and  expen- 
diture of  energy  therefore  have  an  important  relation  to  food  and  clothing. 

Heat  Production. — Among-  the  ancients  it  was  considered  that  ani- 
mal heat  had  no  relation  to  the  physical  and  chemical  laws.  They  regard- 
ed  it  as  one  of  the  vital  qualities,  this  vital  heat  property  being-  associated 
with  the  heart  and  distributed  from  the  heart  source  in  the  circulation  of 
the  blood.  The  cooling-  process  was  accomplished  by  respiration  whose 
chief  function  was  supposed  to  be  to  cool  off  the  heated  blood  and  prevent 
too  much  heat  accumulating-  in  the  body.  With  the  progress  of  physical 
and  chemical  science  a new  theory  arose.  In  connectiom  with  the  process 
of  fermentation  it  was  found  that  heat  developed  and  that  by  the  relation 
of  acid  and  base  in  the  chemical  reaction  heat  was  also  produced.  Willis 
was  the  first  to  formulate  the  chemical  theory  that  oxidation  arising-  in 
connection  with  fermentation  produces  animal  heat.  A physical  theory 
was  then  developed  according-  to  which  by  the  friction  of  the  blood  cor- 
puscles heat  was  produced  within  the  vessels.  At  the  same  Mavow  set 
forth  the  idea  that  the  lung-s  performed  the  function,  providing- air  in  the 
form  of  O g-as  to  the  blood  so  as  to  g-enerate  in  the  blood  heat.  Later  re- 
searches proved  that  C02  resulted  from  combustion.  Helmholtz  and  his 
successors  have  shown  in  connection  with  muscle  that  chemical  processes 
account  for  the  production  of  heat,  the  exchange  of  material  taking-  place 
in  connection  with  the  food,  respiration  and  excretion,  this  chemical  de- 
composition g-oing-  on  constantly  in  the  animal  body. 

An  important  addition  to  our  knowledg-e  on  this  subject  arose  in  con- 
nection with  the  law  of  the  conservation  of  forces.  Physiologists  applied 
this  principle  to  the  production  of  heat  and  its  utilization  in  the  heating  of 
the  body  and  in  connection  with  the  expenditure  of  animal  force.  Poten- 
tial energy  belongs  to  matter  either  as  a property  or  stored  within  it  in 
some  way  so  that  it  is  capable  of  transformation.  From  this  standpoint 
the  animal  system  represents  a storehouse  of  potential  energy.  When  O 
is  united  with  the  tissues  oxidation  follows  and  heat  is  produced.  When 
a body  is  oxidized  heat  results.  To  measure  this  force  the  entire  body 
would  need  to  be  burned  in  a calorimeter,  the  amount  of  heat  produced 
representing  the  caloric  potential  value  of  the  body.  The  body  contains, 


KNKKGY  INCOMIC  AND  EXPENDITURE. 


406 

therefore,  stored  in  its  tissues  potential  energy  and  this  potential  energy 
is  liberated  when  O comes  to  the  tissues  for  oxidation.  The  food,  there- 
fore, represents  an  important  element,  because  when  food  ,is  absent  the 
body  substance  itself  is  decomposed,  in  the  liberation  of  energy.  Here 
we  have  the  basis  both  for  heat  and  force  production. 

Having-  discovered  the  fact  that  oxidation  does  produce  energ-y  the 
next  question  is  where  is  the  seat  of  oxidation.  Mayow  who  first  formu- 
lated the  oxidation  theory  said  that  it  took  place  in  all  the  tissues  of  the 
body.  Lavoisier  regarded  the  lung-s  as  the  chief  seat  of  the  chang-es 
minor  chang-es  taking- place  in  the  other  organs  and  tissues  of,  the  bpdy. 
Others  concluded  that  it  took  place  in  connection  with  the  capillary  circu- 
lation, the  variation  in  the  arterial  and  venous  blood  temperature  forming 
the  basis  of  this,  theory.  Others  have  objected  to  these  theories  on  the 
ground  that  if  the  oxidation  took  place,  in  especially  localized  areas  the  tis- 
sues would  themselves  be  burned  up  in  the  process. 

Berthielot  has  proved  that  in  a combination  of.O  and  Haemoglobin  in 
the  lunglTlT^^gOierafrdn  does  take  place  to  a slight  extent  in  the  lungs. 
This  represents  only  a7slig'ht  heat  production  compared  with  the  combina- 
tion of  O and  C,  these  producing  about  seven  times  the  heat  produced  by 
the  combination  of  O andH,  so  that  according  to  recent  results,  of  the  O 
taken  into  the  body  in  respiration  one  seventh  is  oxidized  in  the  lungs  in 
connection  with  haemoglobin  in  the  formation  of  oxy-haemoglobin;  six 
sevenths  is  oxidized  in  the  tissues  in  connection  with  the  tissue  oxidation. 
In  heat  production  then,  we  have  this  starting  point,  namely  the  division 
between  the  oxygen  in  the  lungs  and  the  oxygen  carried  to  the  tissues.  In 
the  case  of  the. muscles  as. wo  have  seen  the  largest  heat  production  takes 
place  in  them  so  that  they. are  the  principal  source  of  the  heat.  During 
muscle  activity  the.  heat  is  increased  in  the  body  while  there  is  an  increas- 
ed heat  loss.  The  larger  proportion  of  the  body  consists  of  muscle, 
Bernard  estimating  that  in  a dog  almost  47  percent  is  muscle,,  bones  being 
about  20  percent.  In  the  case  of  the  removal  of  the  muscles  from  the 
body  and  artificial  stimulation  there  is  a production  of  heat.  Aside  from 
this  artificial  production  the  muscles  are  normally  during  rest  as.  well  as 
during  activity  the  chief  seats  of  heat  production.  When  the  muscles 
are  taken  from  the  body  they  preserve  the  power  of  O consumption  and 
CO->  elimination.  Bert  in  his  experiments  has  shown  that  muscle  absorbs 
about  50  cc.  of  C02,  and  discharges  56  cc.  of  CC)2,  the  brain,  kidney,  spleen 
etc.  absorbing  and  discharging  a relative  smaller  amount  of  O and  C02. 

1 his  exchange  depends  upon  the  temperature  .being  increased  by  a rise  in 
external  temperature  and  decreased  by  a fall,  there  being  alimit  to  the 
rise  and  fall.  Regnard  points  out. that  when  the  external  temperature  is 
raised  about  40  degrees  instead  of  there*  being  an  increased  interchange 
of  O and  COj  there  is  a decrease  in.  the  exchange.  Hermann  objects  that 
some  cf  the  CO2  arises  in  connection  with  the  development  of  post  mor- 
tem bacteria.  This  has  been  answered  by  Tissot  who  took  care  to 
render  the.  muscle  aseptic  after  excision  finding-  that  .there  is  O absorp- 
tion and  C02  discharge.  The  tissue  respiration  then. involved  in  the  muscles 
represents  an, important  source  ot,  beat,  .muscle  when  active  being  very  _ 
much  more  free  to  absorb.  O and  discharge  CO*.  If  the  muscle  activity  is 
suspended  from  any  cause  the  temperature  of  the  bocTv Is lowcTed:  "Cur- 
ari  given  to  animals  suspends  muscular  act! vity,  affec’ti ng  the  motor  with- 
out affecting-  the  sensory  nerve  connections,  resulting  in  a fall  of  temper- 
ature and  a diminution  in  the  respiratory -exchange  of  gases  in  the  tissues 


407 


ENERGY  INCOME  AND  EXPENDITURE. 


winch  does  not  increase,  or  increases  only  slightly,  the  exchange  even 
when  the  tissues  are  artificially  heated.  When  artificial  respiration  sup- 
plies fiesh  O the  venous  blood  still  remains  oxygenated.  In  the  case  of 
the  admimsti  ation  of  anaesthetics  by  which  muscular  activity  is  lessened 
there  is  also  a lessened  respiratory  muscle  exchange,  MacAlister  claiming 
that  the  muscles  become  fatigued  more  readily  in  producing  heat  than  ' 
active  work,  so  that  ' — •*-  ' — - — • - 


. — in 

by  loss  of  heat  the  heat  production  is  lessened. 
Muscular  exertion  applied  to  the  muscles  in  general  increases  the  tem- 
pei  atui  e of  the  body.  The  heart  muscle  is  very  active  in  the  production 
of  heat,  different  physiologists  having  formed  different  estimates,  Foster 
claiming  that  the  work  done  by  the  heart  represents  60,000  kiloy-ram- 
meters  or  about  138,249  Ca  per  day. 

In  connection  with  the  glands  we  find  also  very  active  chemical 
changes  associated  with  heat  production.  When  the 'glands  are  active 
there  is  a greatly  increased  blood  supply  and  this  increase  of  blood  often 
prevents  the  increase  of  temperature  from  being  noticed.  Experiments 
have  been  made,  aside  from  theliver  which  represents  the  mostactiveof  the 
body  glands  and  therefore  the  warmest  part  of  the  body,  on  the  sub-max- 
illary gland.  When  the  gland  is  very  active  the  blood  volume  is  increased 
in  the  gland.  Ludwig  in  connection  with  the  use  of  the  thermo-electric 
needles  found  that  the  secretion  of  the  sub-maxillary  gland  is  from  one  to 
one  and  onehalf  degrees  warmer  than  the  blood  of  the  carotid  arterv. 
Bernard  by  ligaturing  the  blood  vessels  of  the  gland  found  that  on  exci't- 
ing  the  chorda  tympani  there  was  a rise  of  temperature,  whereas  on  stim- 
ulating the  sympathetic  there  was  a fall.  These  are  regarded  as  eviden- 
ces of  the  temperature  nerves.  Bayliss  and  Hill  recentlv  in  connection 
with  their  experiments  concluded  that  the  gland  temperature  represents 
a temperature  about  equal  to  that  of  the  blood  in  the  aorta;  the  gland  and 
the  tissue  around  the  gland  represent  a heat  slightly  greater  than  that  of 
the  saliva  and  from  this  they  say  that  no  heat  production  takes  place  di- 
rectly in  the  gland.  On  stimulation  to  activity  there  is  an  increase  of 
heat  accompanying  increased  salivary  secretion,  but  that  when  stimulated 
in  connection  with  the  chorda  tympani  there  is  not  an  increase  of  the  sal- 
ival  temperature.  Bernard  states  that  in  connection  with  the  intestines 
there  is  a slight  heat  formation,  the  blood  coming  from  the  intestines  be- 
ing higher  in  temperature  during  the  digestive  process,  the  blood  found 
in  the  portal  vein  being  about  .3  of  a degree  warmer  than  the  blood  in  the 
abdominal  aorta.  When  the  splanchnics  are  stimulated  there  is  no  in- 
crease or  fall  of  temperature  and  the  same  thing  is  true  of  the  stimulation 
of  the  vagus.  The  brain  is  undoubtedly  a source  of  heat  for  the  temper- 
ature of  the  brain  is  above  the  temperature  of  the  arterial  blood  that  pas- 
ses to  the  brain.  It  is  however  only  a very  small  producer  because  the 
blood  circulation  is  small  in  quantity  and  the  changes  are  not  very  active 
as  compared  with  the  other  parts  of  the  body.  There  is  no  doubt  that 
activity_im connection  with  tfie  internal  organs  of  the  body  produces  heat 
but  that  it  is  claimed  by  some  is  so  slight  as  to  lead  to  the  conclusion  that 
none  of  these  organs  are  heat  producers. 

Lavoisier  concludes  that  the  heat  production  can  be  accounted  for  in 
connection  with  the  oxidation  processes.  The  experiments  of  Rubner 
have  set  aside  this  extreme  theory.  The  heat  of  the  body  is  estimated 
according  to  Rubner  from  the  combustion  value  of  the  food  stuffs  and  also 
from  the  size  of  the  body  surface  and  the  activity  developed  in  connection 
with  muscular  and  digestive  actions.  In  regard  to  the  relation  of  the 
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superficial  surface  to  heat  production  it  is  claimed  by  Langlois  that  in 
chndren’tlre  ti'eat  production  varies  with  the  skin  surface,  In  connection 
with  the  combustion  processes  of  the  body  of  course  there  is  a heat  pro- 
duction, the  amount  of  this  heat  production  being-  g-enerally  estimated 
from  the  respiratory  interchang-e.  This  does  not  g-iye  with  absolute  ac- 
curacy the  heat  production  because  the  respiratory  interchange  does  not 
represent  the  amount  of  combustion  taking  place,  as  there  may  be  a stor- 
age ofOandtheCOiinay representtheoxidationofthis  stored  up  O.  From 
this  standpoint  even  when  free  O is  not  supplied  to  the  tissues  there  is 
is  still  an  exchange  going  on  because  the  stored  up  O is  drawn  upon,  if  the 
observations  are  extended  to  a longer  period  this  objection  may  be  over- 
come by  estimating  the  average  interchange.  Lavoisier’s  experiments 
led  him  to  conclude  that  at  least  in  the  case  of  a human  subject  when  the 
temperature  falls  there  is  an  increase  in  the  O consumption  and  C02  ex- 
cretion and  when  there  is  a rise  in  temperature  the  O consumption  and 
CO?  excretion  are  decreased.  Pfluger  has  made  a large  number  of  ex- 
periments in  order  to  test  the  effect  of  changes  of  external  temperature 
in  connection  with  the  respiratory  interchange.  From  these  tabulated 
results  it  is  evident  that  there  is  a decrease  in  the  respiratory  interchange 
when  the  external  temperature  is  raised  up  to  the  point  represented  by 
about  37  degrees,  when  with  the  increase  of  metabolism  the  respiratory 
interchange  increases.  The  change  is  more  sudden  in  the  lower  and 
smaller  animals  than  in  man.  This  interchange  is  characteristic  of  all 
forms  of  life  for  even  in  the  vegetable  life  there  is  an  oxidation  process 
which  results  in  the  production  and  storage  of  heat.  In  the  lowest  of  the 
animal  forms  of  life  there  is  heat  production,  even  in  the  case  of  a frog 
where  the  body  temperature  may  be  lower  than  the  external  temperature 
we  find  this  heat  production.  In  most  of  the  cold  blooded  animals  we  find 
a temperature  slightly  higher  than  that  of  the  surroundings  whereas  in 
the  warm  blooded  animals  we  find  a still  further  increased  production  of 
heat.  As  we  rise  in  the  scale  of  animal  life  from  the  cold  blooded  to  the 
warm  blooded  animals  we  find  that  the  increased  production  of  heat  fol- 
lows this  change.  The  homaiothermal  produce  more  thon  the  poikilo- 
thermal,  but  it  varies  among  the  two  classes  in  the  different  species  of  an- 
imals, depending  largely  if  not  altogether  on  the  relative  respiratory  ac- 
tion. Reichert  believes  that  every  individual  whether  animal  or  man  has 
his  own  specific  heat  coefficient  representing  capacity  of  heat  formation  to 
body  size  whatever  the  nature  of  the  animal  may  be.  The  only  general 
principle  that  can  be  laid  down  is  that  according  to  the  respiratory  activi- 
ty measured  by  the  O consumption  we  find  that  heat  production  takes 
place. 

The  production  of  heat  depends  very  largely  upon  conditions  and  cir- 
cumstances. The  younger  animals  produce  a greater  amount  of  heat 
from  their  size  and  weight  than  the  adult  or  the  old.  This  is  largely  due 
to  the  amount  of  metabolism  taking  place  and  also  to  the  size  of  the  body 
surface,  the  body  surface  being  larger  for  the  weight  in  the  smaller  as 
compared  with  the  adult.  Where  the  animal  is  immature  or  feeble  the 
heat  production  is  lessened.  The  body  weight  is  important  chiefly  in  re- 
gard to  the  size  and  the  volume  of  the  tissue  structures  that  are  actively 
eno^oC(l  in  metabolism  such  as  muscles,  glands  etc.  compared  with  bone, 
cartilage  etc.  that  are  less  active.  The  weight  does  not  determine  the 
heat  production  because  animals  of  equal  weight  mav  produce  different 
quantities  of  heat.  Other  circumstances  may  produce  a variation,  for  ex- 
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ample  an  animal  that  is  very  fleshy  will  produce  more  heat  on  account  of 
the  pi  esence  of  a larg-e  flesh  structure  compared  with  an  an i maltha!  is  lean 
or  one  that  m stout  op  account  of  a large  proportion  of  adipose  tissue.  In" 
connection  with  the  circulation  we  find  that  increased  circulatory  activity 
produces  more  heat  on  account  of  the  larger  supply  of  blood  which  is  as- 
sociated with  increased  metabolism.  . The  increased  circulation  also  de- 


pthatory  artistry  g.nd  sweat  excretion  increasing  the  loss  of  heat  and 
-^Teatino-  a demand  tor  more  heafi  the  dhmand  regnlatinp-  tho  Tfifppiy| 
Along  with  tills  increased  circulation  there  is  an  increased  cardiac  activi- 
ty ..which  generates  heat.  Whgti  the  internal  temperature  of  the  bod  v is 
Tailed  .there  ip  an  increase  in  metabolism  prorinr.ing-  mm-g  ,p}lc 

exlernaTtenipcrature  also  influences  the  heat  production  although  to  a 
less  extent  in  yyarm  blooded  than  in  cold  blooded  animalp  In  the  rasp  nf 


the  b o TyToTejit  prod u c t io  n . As  a result  of  this, -in-  frigid  countries  and 
in  colder  seasons  there  is  a greater  heat  production  because  of  the  stim- 
ulation brought  to  bear  upon  the  thennpgenic  centers.  The  kind  of  food 
has  .an  important  influence  on  the  amount  of  heat.  This  is  apparent 
when  we.  consider  that  one  gram,  of  fat  yields  almost  twice  as  many  Ca  as 
Qne  grqrn  pf  prQteid  and  one  gram  of  carbohydrates  slightly  less  than  one 
gram  or  proreidjl  -.ft  is  for  fhrs  reason,  that  tat  in  colder,  countries  is  a 
very  efficfeivE  heat  producer.  It  has  been  claimed  by  some  physiologists 
that  ill  the  production  of  heat  there  are  diurnal  variations  corresponding 
with  the  variations  of  the  body,  temperature.  This,  has  been  explained 
by  the  production  of  heat  which  is  necessarily  greater  during  activity 
than  during  rest.  On  this  basis  of  activity  it" has  been  estimated  tha't 
during  the  day  when  awake  the  heat  production  is  about  three  times  that 
during  the  night  when  sleeping  and  that  during  the  day  if  active  there  is 
an  increase  from  on.e  to  one  and  one-half  times  as  compared  with  a resting 
condition.  . ; • , , 

The  ultimate  source  of  all  heat  as  we  have,  said  is  the  chemical  change 
in  connection  with  the  Food.  Rlibner  has  calculated  the  heal  piTidwfion 
inTfie  case-  of  .different  classes  of  men,  taking  as  hip  standard  about  147 
and  one-balf-(lbs.  In  the  case  of  a man  deprived  of  food  the  heat  produc- 
tion daily  represents  2,303,000  Ca;  in  the  case  of  brain  workers  such  as 
official  men,  teachers  etc.  it  is  2,445,000  Ca;  in  the  case  of  active  workers 
such  as  soldiers  during  peace  and  laborers  it  is  2,868,000  Ca;  in  the  case 
of  skilled  mechanics  who  follow  their  mechanical  occupations  it  is  3,362,- 
000  Ca;  in  the  case  of  miners  who  pre  supposed  to  hay?  hard  work  under 
hard  conditions  it  is  4,790,000  Ca;  in  the  case  of  workers  who  have  to  bear 
the  elements  of  the  weather,  like  the  railroad  laborers  and  street  workmen 
it  is  5,360,000  Ca.  The  rate  of  production  of  heat  therefore  may  be  said 
to  be  determined  by  a number  of  circumstances.  (1)  It  depends  ubon 
the  metabolism  in  the  case  of  the  individual.  ““In  the  case  oT  two  individ- 
uals of  equal  size  one  has  greater  metabolism  than  the  other  so  that  the 
body  substance,  ip  used  up  in  the  production  of  heat.  As  }yfi  said  every 
species  and  even  every  animal  has  its  own  individual  coefficient.  ( 5 )_T lye 
larger  the  body  usually  the  production  ofheat  will  be  greater,  because  in 
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the  larger  body  there  is  a larger  number  of  heat  producing  elements. 
This  however  is  limited  because  there  is  a.  greater  heat  loss  in  the  smal: 
ler  body  relative  to  its  size,  so  thaTloj^mpensaie  for  this  loss  the  smaller 
bocFy  must  produce  more  heat  for  its  size.  Therefore  the  smaller  body 
relatively  produces  the  larger  amount  of  heat  on  account  of  ‘‘the  strug- 
gle for  existence”  as  Foster  says  which  throws  on  the  smaller  body  the 
greater  volume  of  loss  requiring  a higher  individual  coefficient.  (3)  The 
taking  of  food  increases  the  heat  production,  this  heat  production  be- 
ing still  further  increased  in  connection  with  the  process  of  digestion.  In 
the  dog  the  heat  production  increases  after  a meal  until  the  maximal  heat 
temperature  is  reached  from  the  8th  to  the  9th  hour  after  meal,  after 
which  it  falls  again  to  the  lower  level.  (4)  Muscular  exercises  has  an  im- 
portant influence  in  heat  production.  This  include  the  muscle  contract- 
ions, organ  activities  and  locomotive  exercise  of  the  body.  The  greater 
the  body  activity  therefore  the  greater  is  the  heat  production.  (5)  V ar- 
iations  in  the  amount  of  heatactually  produced  in  the  body  also  influence  the 
temperature  regulating  the  production  of  heat.  This  is  accomplished 
through  the  stimulation  imparted  to  the  nervous  system.  When  the  impul- 
ses are  aroused  on  the  peripheral  surfaces  or  in  the  internal  organs  these 
are  sent  to  the  brain  and  spinal  centers  producing  thermogenic  and  thcr 
molytic  activity  which  increases  or  diminishes  the  heat’  production.  (6) 
As  the  teffiperature  of  the  body  ismaintained  uniform  normally  this  is 
sustained  by  equilibrium  between  heat  produced  and  the  heat  given  off  so, 
that  if  the  heat  loss  is  lessened  there  must  be  a storage  of  heat  in  the 
body.  The  loss  of  heat  is  regulated  principally  in  connection  with  the 
external  surfaces  of  the  body.  When  this  loss  is  prevented  storage  may 
take  place  under  the  influence  of  the  skin  externally  stimulated  so  as  to 
prevent  heat  radiation.  Under  vaso-constric'tion  influences  the  vessels  of 
the  body  become  constricted  as  in  the  case  of  blood  transfusion  or  in  the 
case  of  sudden  removal  of  water  from  thebodyonaccountof  th  e lessened  vol- 
umeof  blood  which  is  therefore  driven- intoa  smaller  space.  This  storage 
is  limited  because  if  the  heat  is  stored  so  as  to  increase  the  body  temper- 
ature above  6 degrees  C over  the  normal  death  results.  This  high  tem- 
perature seems  to  produce  a molecular  dissolution  resulting  in  the  disin- 
tegration of  the  elements  involved  in  the  body  substance. 

Heat  boss,- — An  animal  may  lose  heat  in  various  ways,  the  loss  being 
controlled  "largely  by  the  skin  and  the  lungs.  H,eat  expenditure  may  be 
classed  under  three  heads,  if  we  omit  its  expenditure  in  connection  with 
work  which  We  will  discuss  later.  (1)  The  amount  expended  in  warming 
the  ingesta.  The  food  drink  and  ()  are  cooler  than  the  body  and  when 
they  enter  the  body  organs  they  are  warmed.  (2)  Conduction  and  radia- 
tion. By  these  processes  a certain  amount  of  body  heat  passes  into  the 
medium  surrounding  the  body.  When  the  medium  is  colder  there  is  a 
greater  heat  loss,  especially  if  the  medium  is  damp  or  moist;  the  same 
thing  is  true  if  the  medium  is  in  motion.  (3)  Evaporation, 
which  takes  place  either  through  the  skin  or  respiratory  passages,  the 
former  depending  on  the  temperature  of  the  surrounding  air  and  its  de- 
gree of  moisture  or  dryness.  Vierordt  has  estimated  this  loss  in  con- 
nection with  (,1) The  Urine  and  faeces,  (2)  the  expiratory  process,  (3) 
evaporation  in  connection  with  the  skin  and  lungs,  (4)  radiation  and  con- 
duction from  the  skin  surfaces.  The  two  main  sources  of  heat  loss  are 
radiation  and  conduction  and  evaporation. 

(1)  Radiation  and  conduction.  'The  quantity  of  heat  lost  by  radiation 
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and  conduction  is  normally  proportional  to  the  difference  between  bodv 
temperature  and  the  external  temperature.  When  the  skin  is  warmer 
and  the  external  temperature  is  colder  the  loss  will  be  greater.  Skin 
heat  is  regulated  by  the  superficial  circulation  which  is  regulated  by  the 
vaso-motor  system.  When  the  superficial  vessels  are  constricted  the  cir- 
culation is  diminished  the  skin  becomes  cool,  these  results  being  associa- 
ted with  a cold  environment.  If  the  external  temperature  is  high  then  the 
\essels  distend,  the  circulation  increases  and  the  skin  becomes  warm 
Here  we  have  the  principle  of  the  demand  regulating  the  supplv  of  heat. 
In  the  human  subject  the  outer  skin  layer  and  the  subcutaneous  adipose 
tissue  ai  e not  good  conductors  of  heat.  By  the  clothing  a protecion  is  af- 
toi  ded  so  that  the  contact  of  the  skin  is  not  with  the  external  temper- 
ature but  with  a generally  regular  medium  of  air.  As  this  air  is  resting 
and  stationary  less  heat -loss  takes  place  than  if  it  were  in  motion. 

Parry  found  that  he  and  his  associates  could  more  easily  stand  a cold 
that  would  freeze  the  mercury  if  the  air  was  quite  still  than  in  the  case  of  a 
higher  temperature  if  there  was  a wind.  In  addition  to  this  moist  air  is  a 
better  conductor  of  heat  than  dry  air,  hence  if  the  air  medium  next  the 
body  is  kept  in  a dry  condition  the  loss  of  heat  is  much  less.  In  the  case 
of  the  whale  or  seal  we  find  a thick  covering  over  the  body  so  that  they  can 
mantain  a high  temperature  even  in  the  frigid  zone.  In  the  greyhound 
we  find  the  opposite  condition  the  fur  being  light  and  scarce  and  the  skin 
thin  so  that  at  the  least  cold  it  shivers.  The  extent  of  this  loss  by  radia- 
tion and  conduction  in  connection  with  the  skin  has  been  estimated  by 
\ ierordt  in  the  case  of  an  adult  as  73  percent  of  the  entire  heat  loss  in 
connection  with  the  body  estimation  being  made  of  the  loss  during  24 
hours.  The  amount  of  heat  lost  by  radiation  can  be  measured  by  means 
of  a thermopile  or  a resistance  radiometer.  The  radiometer  is  similar  in 
principle  to  the  resistance  thermometer  used  in  measuring  superficial 
body  temperature.  It  consists  of  a tin-foil  grating  fixed  inside  a box  to 
prevent  draughts  from  affecting  it.  There  is  a sliding  lid  to  the  box 
which  is  kept  closed  till  observations  are  made,  when  it  is  opened  and 
part  of  the  skin  is  applied  to  the  opening  at  a distance  of  five  or  ten  cm. 
from  the  grating.  The  radiation  intensity  is  measured  by  the  excess  of 
the  temperature  of  the  radiating  surface  over  the  surrounding  medium. 
The  portions  of  the  skin  uncovered  radiate  more  than  the  covered  parts 
per  unit  of  surface  area;  and  the  warmer  parts  as  the  forehead  radiate 
more  than  the  cooler  parts  like  the  ear.  If  the  individual  is  at  rest  radiation 
is  greater  than  conduction  in  the  case  of  an  active  and  working  individual. 
The  more  rapid  the  air  renewal  takes  place  in  connection  with  the  skin  or 
clothes  the  lower  is  the  temperature  of  the  radiating  surface  and  there  is 
greater  heat  loss  to  the  adjoining  parts  by  conduction  and  smaller  loss  by 
radiation  to  the  object  in  proximity  to  the  person.  (2)  Evaporation. 
Franklin  first  suggested  that  in  connection  with  the  excretion  of  sweat 
there  is  a heat  evaporation  that  keeps  the  body  normal  in  temperature. 
This  was  proved  by  others  in  connection  with  dry  and  moist  air,  dry  air 
not  affecting  the  body  temperature,  even  dry  air  125  degrees,  whereas 
moist  air  produces  a rise  in  temperature.  According  to  Ludwig  about  20 
percent  of  the  daily  loss  is  due  to  evaporation  in  connection  with  the  skin 
and  respiratory  organs.  Waller  estimates  that  the  following  parts  of  the 
surface  of  the  body  represent  the  changes  taking  place — palm  of  the  hand 
24  milligrams  per  20  sq.  cm,  sole  of  the  foot  14,  forehead  12,  cheek  0,  ax- 
illa and  popliteal  space  10,  forearm  and  leg  5 at  an  external  temperature 
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of  20  degrees.  The  loss  of  heat  by  evaporation  of  water  in  connection 
with  the  skin  can  be  easily  found  by  getting  the  amount  of  water  lost. 
Taking  the  average  loss  of  sweat  daily  as  850  c.c.  this  will  represent  about 
461,750  Ca,  one  gram  of  water  representing  about  555  Ca  in  its  conversion 
into  vapor  at  the  normal  temperature.  In  connection  with  the  lungs 
there  is  also  a loss  partly  by  evaporation  and  partly  by  heating  the  expir- 
ed air,  the  evaporation  representing  about  15  percent  of  the  heat  loss  and 
the  heating-  process  of  air  about  2.5.  The  loss  through  the  lungs  may  be 
estimated  by  the  weight,  temperature  and  specific  heat  of  the  expired  air  in 
connection  with  the  water  excess  found  in  it  in  the  form  of  vapor  over  in- 
spired air.  Helmholtz  estimates  the  amount  of  heat  required  to  warm 
the  expired  air  to  body  temperature  at  70,000  Ca  and  the  amount  required 
to  evaporate  the  water  excretion  from  the  lungs  400,000  Ca  so  that  the  to- 
tal lung  loss  would  be  about  470,000  Ca. 

All  the  conditions  that  affect  heat  have  a bearing  on  heat  loss,  for  ex- 
ample, age,  sex,  fatty  or  lean  body  condition  etc.  . There  is  a greater  heat 
production  and  also  loss  in  the  young  than  in  the  adult  for  relative  body 
weight,  because  of  the  larger  relative  metabolism  and  the  greater  body 
surface  relatively.  Sex  does  not  influence  heat  production  materially  al- 
though most  physiologists  claim  that  relatively  there  is  a greater  heat 
loss  in  the  male  than  in  the  female,  because  of  the  greater  amount  of  sub- 
cutaneous fat  in  the  female  as  compared  with  the  male.  In  different 
species  of  animals  great  difference  is  found  due  to  the  medium  in  which 
the  animal  lives,  the  habits  of  life  etc.  There  is  a greater  loss  of  heat  in 
the  homoiothermal  than  in  the  poikilothermal  animals  because  of  the 
greater  heat  production.  In  the  case  of  an  individual  with  a larger  or 
smaller  proportion  of  subcutaneous  fat  there  is  a difference  because  sub- 
cutaneous fat  is  a bad  conductor  of  heat,  therefore  where  it  is  large  the 
heat  loss  is  retarded.  It  is  for  this  reason  that  fowl  living  largely  in  cold 
water  have  a great  abundance  of  this  fat.  To  use  grease  even  on  the  ex- 
ternal skin  surface  prevents  radiation  and  this  is  frequently  used  bv 
swimmers  to  guard  the  skin  surface  and  to  retain  in  the  body  its  normal 
heat.  Where  the  water  and  air  are  of  equal  temperature  exposure  to 
water  involves  greater  loss  of  heat  because  the  water  is  a good  conductor. 
Still  there  is  a greater  heat  loss  in  the  dry  than  in  the  moist  air,  because 
the  dry  air  assists  the  excretion  of  sweat  and  the  lung  evaporation.  Cold 
dry  air  is  unfavorable  to  heat  loss  because  it  does  not  assist  the  vaporiz- 
ing of  the  water  and  if  the  cold  air  is  moist  it  tends  to  draw  off  the  heat. 
Heat  loss  is  largely  regulated  by  the  clothing  whether  natural  fur  as  in 
animals  or  artificial  coverings  of  the  skin.  From  a hygienic  standpoint 
the  worst  conductors  in  the  form  of  clothing  represent  the  warmest, 
hence  fur  and  wools  of  different  kinds  are  freely  used  to  prevent  heat  loss 
in  cold  climates.  The  coefficient  of  radiation  will  depend  on  the  coeffici- 
ent of  conductivity  of  the  materials  used  and  also  on  the  radiating  nature 
of  the  surface  of  the  skin  and  the  surface  of  the  clothing.  To  prevent 
loss  of  heat  a fine  and  smooth  cloth  is  perfcrable  because  a coarse 
cloth  is  a good  radiator  and  conductor  of  heat.  In  the  case  ot  underwear, 
clothing  that  has  a large  moisture  absorbing  and  retaining  capacity  is 
most  advantageous,  preventing  too  sudden  evaporation  and  thus  protect- 
'no  against  chilliness.  The  increase  of  the  internal  temperature  of  the 
body  also  assists  heat  loss.  This  is  due  to  the  fact  that  when  heat  pro- 
duction is  increased  the  system  attempts  to  throw  off  some  of  the  exces- 
sive heat.  In  this  attempt  there  is  an  increased  circulation  throwing  out 
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a lai ge  amount  of  blood  to  the  surface  of  the  body  where  it  is  cooled-  at 
the  same  time  respiration  is  increased,  a larger  amount  of  air  respired 
assisting-  m the  heat  loss.  When  the  internal  temperature  is  higher  than 
the  external  temperature  radiation  and  conduction  are  assisted.  Hence, 
the  exteinal  temperature  aids  in  heat  dissipation,  heat  in  contact  with  the 
body  surface  exciting  sensory  stimulation  to  lessen  the  production,  while' 
cold  increases  both  the  heat  loss  and  production.  The  greater  the 
amount  of  heat  produced  the  greater  is  the  amount  of  heat  lost  unless 
when  body  temperature  gets  below  the  normal,  when  heat  loss  remains 
steady  and  heat  production  is  increased  so  as  to  raise  the  body  to  its  nor- 
mal temperature.  The  size  of  the  body  has  also  an  important  influence 
on  heat  loss,  the  larger  the  body  surface  the  greater  the  loss  so  that  as  a 
larger  animal  has  a greater  surface  it  has  also  a greater  loss.  The  body  - 
surface  however  is  not  constant  as  a radiating  surface.  In  the  case  of  a 
lifeless  surface  the  coefficient  of  radiation  is  constant  but  in  the  case  of  a 
living  body  there  are  variations  depending  on,  (1)  the  conductivity  as  af- 
fected by  vascular  changes;  (2)  on  thickness  of  the  skin  which  is'  an  im- 
portant variation  among  different  individuals  and  races  and  even  in  the 
case  of  different  parts  of  the  body;  (3)  on  external  circumstances  such  as 
clothing,  temperature 'etc.  By  the  contraction  of  the  erector  muscles  in 
connection  with  the  hair  follicles  the  tensity  of  the  skin  is  increased,  the 
blood  vessels  are  constricted  and  the  blood- flow  is  diminished  so  that  the 
coefficient  of- heat  loss  is  lessened.  This  is  of  importance  in  the  case  of 
animals  whose  body  is  covered  with  fur  as  is  indicated  by  the  fact  that 
the  removal  of  the  hair  from  the  skin  in  the  case  of  a l-abbit  will  result  in 
death*  even  if  the  temperature  externally  is  kept  high.  If  the  sebaceous 
excretion  is  increased  the  coefficient  of  heat  loss  is  diminished  because 
the  accumulation  of  fatty  substances  retards  heat  radiation.  Ordinarily 
in  sweating  however  as  in  the  case  of  bathing  the  coefficient  is  raised. 

SECTION  VII.  Heat  Production  and  Loss  in  Re- 

l at ioti  to  Work. 

One  of  the  ultimate  purposes  of  food  is  to  supply  the  body  with  ener- 
gy for  work.  The  latent  energy  found  stored  in  the  food  is  liberated  as 
kinetic  energy  and  kinetic  energy  represents  mechanical  force.  Force 
represents  the  manifestation  of  energy.  In  the  case  of  a body  the  force 
is  represented  in  connection  with  change  of  position.  Inanimate  bodies 
being  of  themselves  inert  and  having  no  tendency  to  pass  from  rest  to 
motion  anything  that  will  produce  this  change  from  rest  to  motion  or 
from  motion  to  rest  in  the  physical  sense  is  force,  the  former  being  force 
and  the  latter  resistance.  Hence  the  attractions  of  molecular  bodies  are 
forces.  The  muscularactivityof  men  and  animals  represents  force.  This 
represents  the  activity  of  respiration,  circulation,  mechanical  movement 
and  work.  From  the  stand  point  of  physics  force  or  kinetic  energy  and 
heat  are  interchangeable.  In  elevating  a body  to  a certain  height  force  is 
imparted  to  it  as  potential  energy  equal  to  the  force  used  up  in  falling  to 
the  ground  again.  If  this  force  could  be  given  to  another  body  of  the 
same  weight  this  body  would  be  elevated  to  the  same  height  as  the  first 
body.  The  amount  of  this  force  is  spoken  of  in  connection  with  the  unit 
of  work  as  the  kilogram-meter  or  the  foot-pound.  In  the  case  of  a body  of 
definite  weight  falling  to  the  ground  through  a definite  space  a definite 
amount  of  heat  is  generated  which  can  itself  produce  force  so  that  the 
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heat  unit  is  said  to  produce  a certain  number  of  the  work  units.  As  we 
stated  before  six-sevenths  of  the  energy  of  the  body  represeats  heat  and 
qn e-seventh  force.  This  represents  more  than  the  proportion  of  force 
developed  in  connection  with  a steam  engine.  Of  the  heat  produced  by  a 
steam  eng-ine  only  one-eig-hth  or  one-ninth  can  be  utilized  as  working- 
force,  hence  the  body  is  a more  perfect  working-  machine  than  the  steam 
eng-ine  and  more  delicately  adjusted  to  work.  In  the  case  of  the  animal 
body  voluntary  effort  can  utilize  more  than  in  the  case  of  the  inactive 
steam  eng-ine,  unless  when  as  in  exhaustion  from  fever  the  energy  is 
converted  into  heat  and  for  this  reason  can  not  be  available  for  force.  In 
connection  with  the  normal  healthy  individual  adult  it  is  estimated  that 
the  normal  force  represents  about  3,400  foot  tons  or  1,054,000  kilogram- 
meters.  (One  foot  pound  equals  .1381  kilogram-meters;  one  foot-ton 
equals  310  Krug.)  Of  this  full  amount  of  energy  about  one-seventh  repre- 
sents the  amount  expended  in  the  motion  and  locomotion  of  the  body  with- 
out any  special  work,  the  balance  being-  used  in  connection  with  body  tem- 
perature. In  the  production  of  this  energy  the  different  food  elements  are 
necessary.  If  we  take  away  O death  will  follow  in  a very  short  time;  if 
water  is  withheld  the  body  may  survive  some  time  but  fatal  results  will 
follow  inside  a week;  if  the  other  food  elements  are  not  provided  the  body 
will  exhaust  its  own  substance  in  the  production  of  energy  and  then  yield 
up  its  own  existence.  The  food  equivalents  and  their  heat  equivalents 
have  been  already  discussed  in  connection  with  heat  production,  the  unit 
of  measurement  being-  the  calorie,  one  Ca  being  equal  to  1.53  foot  tons. 

Estimates  have  been  made  of  the  motion  and  force  producing  value  of 
foods,  this  force  value  being  estimated  in  connection  with  soldiers,  hos- 
pitals and  schools  in  which  large  numbers  of  persons  in  health  and  sick-' 
ness  are  provided  with  common  rations.  By  comparing  the  force  produc- 
ing value  of  foods  as  found  in  the  chemical  laboratory  with  the  results  in 
connection  with  work  and  the  elimination  of  waste  matters,  these  results 
are  obtained  with  approximate  accuracy.  These  experiments  and  their 
results  are  useful  in  enabling  us  to  estimate  the  normal  diet  of  a working 
adult.  The  following  are  based  on  the  caloric  energy  yielded  by  one 
pound  of  the  material— butter  3,615  Ca,  lard  3,570  Ca,  fat  pork  3,500  Ca, 
chocolate  2,650  Ca,  sausage  2,065  Ca,  ham  1,960  Ca,  crackers  1,900  Ca, 
sugar  and  barley  1,800  Ca,  oat  meal  1,850  Ca,  tapioca  1,820  Ca,  cornmeal 
1,644  Ca,  flour  1,644  Ca,  beans  1,615  Ca,  cheese  and  milk  1,600  Ca,  beef 
1,460  Ca,  dried  apples  1,418  Ca,  potatoes  375  Ca,  Cabbag-e  155  Ca,  oysters 
230  Ca.  An  adult  doing  a normal  amount  of  work  uses  as  food  120  grams 
of  proteid,  90  of  fat,  330  of  carbohydrates,  744  of  air  by  respiration,  2,818 
of  water  and  32  of  salts.  The  entire  weight  is  about  7 lbs.  or  one-twenti- 
eth of  the  body  weight.  According  to  this  standard  the  body  transforms 
about  6 percent  of  the  water  and  fat,  one  percent  of  the  proteid,  .4  per- 
cent of  the  salts  daily.  According  to  the  Kensington  Dietary  the  percen- 
tages of  food  to  sustain  normal  working  force  are;  water  81.5  percent,  pro- 
teid 3.9,  carbohydrates  10.6,  fats  3,  salts  .10.  (s>Water  as  a force  producer 
is  of  little  value,  although  part  of  the  water  is  split  Up* and  used  in  con- 
nection with  other  compounds  and  water  is  formed  in  the  body  bv  the 
union  of  O and  H arising  in  connection  with  some  of  the  chemical  proces- 
ses. Salts  have  no  force  producing  power  but  they  are  used  in  connec- 
tion with  tissue  formation  and  repair,  especially  in  the  bony  structures  of 
the  body  and  as  these  bony  structures  represent  an  important  element  of 
strength  they  may  be  regarded  as  force  producers.  Sulphur  and  phos- 
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phorus  arc  also  useful  in  force  production  especially  in  the  phospborized 
compounds.  The  proteids,  fats  and  carbohydrates  are  sources  of  force 
production,  the  values  of  which  we  have  already  discussed.  During  work, 
especially  severe  work  the  pi*oteid  and  carbohydrate  consumption  re- 
mains almost  unchanged,  whereas  the  fats  are  consumed  in  very  large 
proportions,  when  the  fats  are  absent  from  the  food  these  fats  are  pro- 
duced in  connection  with  the  proteids  and  carbohydrates.  The  fats  are 
necessary  in  the  production  of  heat  and  in  the  upbuilding- of  muscle  and 
nerve  which  are  essential  in  mechanical  activity.  The  standard  diet  in 
the  case  of  a healthy  adult  during-  normal  work  is  estimated  at  20  grams 
of  N found  from  the  proteid  of  120  grams  and  320  of  C found  in  the  fats 
and  cai  bohydi  ates,  a ratio  of  N to  non  N of  one  to  16,  or  a ratio  approx- 
imately of  one  to  3 and  one-half  in  the  case  of  animal  and  veg-etable  food. 
In  muscle  contraction  the  gdycog-en  supply  is  used  up  so  that  this  must  be 
provided  in  carbohydrate  form;  when  exercise  increases  the  growth  of 
muscle  there  is  a further  demand  for  nitrogenous  food  to  build  up  muscle 
tissue.  . C and  H compounds  oxidize  slowly  and  therefore  vield  a more 
constant  and  continuous  -supply  of  energy  so  that  these  substances  as 
found  in  connection  with  fats  and  proteids  are  essential  for  the  muscular  ac- 
tivity of  the  body.  The  energy  accumulated  in  the  body  svstem  is  ex- 
pended in  locomotion  and  muscular  work,  in  respiratory  and  vocal  move- 
ments. All  the  internal  work  of  the  entire  bodily  system  together  with 
the  external  work  of  the  body,  mental  activity  and  cardiac  actions  unite  in 
the  expenditure  of  this  energy.  An  average  day’s  work  including  exer- 
cise is  estimated  at  from  150,000  to  250,000  kilogram-meters.  Older  phv- 
siologists  estimated  that  all  the  nitrogenous  food  went  to  the  upbuilding 
of  the  tissues  including  the  muscles  and  that  the  nitrogenous  waste  arose 
from  the  metabolism  of  the  body  in  its  separate  organs,  the  non-nitrogen- 
ous  being  used  in  connection  with  heat,  respiration  and  work,  the  excess 
being  stored  up.  as  fat.  This  view  however  as  we  have  seen  requires 
modification  the  muscle  tissue  not  being*  supplied  solelv  by  the  proteids 
but  by  other  substances  and  the  muscular  activity  depending  not  only  on 
proteid  nutriment  but  also  on  carbohydrates  and  fats.  As  we  said  before 
not  only  do  the  muscles  feel  the  drain  of  labor,  the  circulatory  and  res- 
piratory system  and  in  fact  the  whole  body  is  drained  by  active  mus- 
cular exercise.  The  urea  as  we  have  seen  is  not  necessarily  increased 
by  severe  muscular  exercise.  Certain  conditions  may  arise  in  which 
such  an  increase  does  take  place.  The  muscular  energy  must  there- 
fore draw  upon  some  other  source  than  proteid  metabolism.  It  is  esti_ 
mated  that  work  for  one  hour  will  cause  a five-fold  increase  of  the  CO, 
eliminated  compared  with  the  ordinary  resting  condition.  In  comparing 
heat  and  work  the  heat  unit  may  be  transformed  to  the  work  unit  by  mul- 
tiplying by  424.5.  During  the  sleeping  condition  the  activities  in  actual 
exercise  are  the  heart  and  the  inspiratory  muscles.  The  entire  cardiac 
activity  niay  be  estimated  at  88,000  kilogram-meters  daily,  the  work  of 
the  respiratory  muscles  14,000;  all  this  work  is  converted  to  heat  in 
meeting  and  overbearing  the  resistance  found  in  connection  with  the  cir- 
culation of  the  blood  through  the  body.  If  we  add  to  this  the  mechanical 
equivalent  of  8 hours  of  work  at  27,000  kilogram-meters  an  hour  we  would 
get  a total  of  318,000  Kings.  This  would  represent  about  750,000  Ca  as 
the  amount  of  energy  expended  by  the  body  internal  and  external  in  a 
day’s  work.  In  a day  there  is  added  to  the  available  energy  from 
heat  about  2,500,000  to  3,500,000  Ca  which  would  represent  about 3,250,000 
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to  4,250,000  Ca  in  a day.  If  the  human  organism  were  exactly  like  a ma- 
chine there  would  be  a smaller  amount  of  heat  formed  in  the  body  during 
work  because  more  is  expended.  The  human  body  however  produces 
less  heat  from  the  potential  energy  when  work  is  done,  much  more  ener- 
gy is  used  up  in  the  body  although  this  may  be  compensated  for  by  the 
results  both  in  increased  heat  and  increased  work. 

Hirn  cites  his  own  experience  in  connection  with  the  relation  of  heat 
and  activity.  When  passive  he  absorbed  30  grams  of  O per  hour  produc- 
ing 155  Ca'as  measured  by  the  calorimeter.  While  in  the  calorimeter  he 
performed  work  which  he  represents  as  equivalent  to  27,450  Kings.,  ab- 
sorbing during  the  performance  of  the  work  132  grams  of  O and  produ- 
cing only  251  Ca.  This  indicates  the  working  capacity  of  the  human 
system  showing  that  by  increasing  the  work  within  definite  limits  heat  may 
be  produced  in  excess  of  the  needs  of  the  body,  while  at  the  same  time 
transforming  a large  proportion  of  the  heat  produced  into  mechanical 
activity  outside  of  the  body.  Whether  the  chemical  energy  is  first  form- 
ed into  heat  and  then  transformed  into  work,  or  whether  the  transforma- 
tion takes  place  directly  to  work  we  do  not  know.  It  is  supposed  by  some 
that  chemical  energy  is  first  changed  to  electrical  energy  and  that  this 
electric  force  in  stimulating  the  muscle  and  nerve  in  connection  with  the 
production  of  work  is  used  up  and  in  part  converted  again  to  heat  in 
the  muscle.  Some  claim  that  the  chemical  energy  is  transformed  direct- 
ly to  muscle  activity,  alleging  in  proof  of  this  that  under  certain  condi- 
tions the  muscle  is  cooled  rather  than  warmed  during  contraction.  This 
however  would  not  of  necessity  follow  because  the  cooling  might  be  a re- 
sult of  interaction  between  the  physical  and  chemical  changes  without  in- 
volving the  direct  transformation  to  activity. 

SECTION  VIII.  Pathological  Temperature  of  the  Body. 

We  have  allready  referred  to  tire  incidental , changes  involved  in  a 
rise  of  temperature.  Pathological  temperature  is  interesting  from  the 
standpoint  of  fevers  and  the  post-mortem  condition  because  these  repre- 
sent physiological  conditions.  (1)  Fevers.  Fever  represents  a patholo- 
gical condition  usually  arising  from  the  presence  and  action  of~bactefial 
products  that  produce  a~fisc  above  the  diurnal  variation.  Associated 
with  it  is  usually  an  Increased  heart  and  respliratorv  rate  and  an  increas- 
ed urea  excretion,  with  a lessening  of  the  CO2  and  alkalies  found  in  the 
blood.  In  the  light  of  the  discovery  of  the  thermogenic  centers  it  is 
claimed  that  the  poisonous  substances  originating  in  connection  with  the 
bacteria  stimulate  the  centers  to  activity  resulting  in  heat  production.  It 
is  to  antidote  this  that  antipyretics  are  given  with  the  object  of  lessening 
the  center  activity  and  so  preventing  the  accumulation  of  heat  either  by 
eliminating  the  poisonous  substances  or  counteracting  their  action.  It  is 
claimed  in  support  of  this  that  if  the  basal  ganglia  are  suspended,  by  di- 
viding the  pons  from  the  nerve  connections  below  the  brain  there  is  no 
possibility  of  producing  a fevered  condition  of  temperature  by  the  use  of 
the  bacteria  culture,  such  bacteria  producing  fever  in  a normal  animal. 
In  such  a case  where  the  basal  ganglia  are  cut  off  antipyrin  has  no  effect 
on  the  temperature.  It  has  been  objected  strongly  by  Schaefer  and 
others  that  no  heat  centers  exist  and  hence  no  such  action  can  take  place. 
Mosso  has  found  that  by  the  use  of  cocaine  injections  there  is  a marked 
rise  of  temperature  and  the  same  kind  of  fever  is  found  when  animals  arc 
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paralyzed  as  the  result  of  curari,  cocaine  injections  being-  used.  This  it 
is  claimed  indicates  that  there  is  a nervous  fever  arising-  from  the  wreath- 
met  eased  nervous  metabolism.  This  however  overlooks  the  fact 
that  curari  poisoning-  does  not  paralyze  all  the  tissues  of  the  bod  v but  sim- 
ply those  ot  motion,  the  heart  and  the  involuntary  muscles  remaining  still 
in  active  connection  with  the  central  nervous  system.  It  has  been  found 
howevei  that  in  certain  cases  where  the  muscles  are  paralvzed  by  curari 
no  rise  of  temperature  is  found  as  indicated  by  the  rectal  temperature. 
I his  seems  to  indicate  that  the  fever  in  the  normal  animal  under  the  in- 
fluence of  cocaine  is  purely  muscular  and  not  a mervous  fever  or  at  least  that 
the  action  of  such  a substance  as  cocaine  is  indirectly  through  the  central 
nervous  system.  It  is  certain  that  some  of  the  antipyretics  act  at  least 
directly  upon  the  tissues,  such  as  quinine  affecting;  the  heat  producin'-^ 
tissues,  whereas  antipyrin  affects  them  throug-h  the  central  nervous  sy£ 
tern.  This  fevered  increase  of  temperature  is  always  associated  with 
some  other  variation  from  the  normal  in  the  body  system;  and  that  the 
fevered  condition  may  be  found  without  any  increase  in  temperature  and 
even  with  a fall  in  body  temperature  indicates  the  difference  in 
cause.  Here  however  we  do  not  consider  those  other  pathological  con- 
ditions. 

It  is  possible  that  variations  between  heat  production  and  loss  may 
occur  in  different  ways.  Normally  heat  production  and  heat  loss  are 
about  equal  but  both  are  normal.  Both  heat  loss  and  production  mav  be 
abnormally  increased  or  decreased.  Heat  production  may  be  normal 
while  there  is  an  abnormal  diminution  of  loss,  or  heat  production  may  be 
abnormally  increased  with  a slig-htly  less  abnormal  heat  loss  or  a greatly 
diminished  heat  loss.  Frequently  both  lessened  loss  and  increased  pro- 
duction are  involved.  The  standard  of  heat  production  and  loss  is  that  of 
a normal  individual  resting.  In  cases  where  the  heat  production  is  low 
and  the  respiratory  interchange  in  the  muscles  is  also  low  this  does  not 
represent  such  a great  deviation  from  the  normal.  These  however  do  not 
explain  fully  the  fever  temperature.  Merely  increased  temperature  can- 
not explain  fever  because  in  cases  of  very  severe  exercise  there  is  very 
much  increased  metabolism  and  yet  the  variation  in  temperature  is  onlv 
slight  and  transitory  in  case  of  health.  The  fever  temperature  therefore 
must  be  due  to  some  disordered  condition  of  the  body  mechanism  so  that 
the  variation  of  heat  production  and  loss  can  not  be  regulated  and  compensated 
forasin  the  normal  healthy  body  condition.  Thisinvolvesthereforea  der- 
angement of  the  regulative  mechanism,  this  disorder  continuing  only  solong 
as  the  variation  in  temperature  is  found.  After  the  maximum  is  reachen 
the  regulative  mechanism  becomes  again  adjusted  on  an  abnormal  stand- 
ard representing-  a higher  level.  Rosenthal  by  the  use  of  the  calorimeter 
found  that  with  an  increasing  temperature  during  the  earliest  fever 
stage  there  is  a retarded  heat  loss.  When  the  fever  reaches  its  maximum 
there  is  sometimes  though  not  always  an  increased  production  of  heat. 
When  the  crisis  is  reached  and  after  the  fever  begins  to  go  down  there  is 
a gradually  increasing  loss  of  heat.  Various  views  are  helfc  in  regard  to 
the  producing  cause  of  the  increased  metabolism.  Some  regard  it  as  the 
result  of  the  rise  in  temperature.  This  however  has  been  clearly  dis- 
proved by  experiments,  for  example,  in  fever  there  is  a much  larger  in- 
crease of  urea  formation  and  excretion  than  could  be  accounted  for  by 
artificially  raising  the  body  temperature,  This  large  urea  excretion  is 
not  parallel  with  the  increase  of  temperature  in  fever,  being  more  char- 
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acteristic  of  the  stage  following  the  crisis  so  that  while  the  fever  is  sub- 
siding there  is  an  enormously  large  urea  excretion.  Cases  are  reported 
in  which  on  the  3rd  or  fourth  day  after  the  crisis  took  place  three  times 
the  amount  of  urea  is  excreted  that  would  be  found  in  the  normal  healthy 
individual.  Artificially  produced  fever  by  the  injection  of  bacterial 
poison  increases  the  respiratory  interchange  of  O and  C02  even  whon  ef- 
forts are  made  to  keep  the  body  temperature  from  rising.  This  seems  to 
demonstrate  that  in  fever  conditions  one  of  the  primary  phenomena  is 
that  of  increased  metabolism.  • 

If  this  is  so  then  the  question  arises,  is  the  temperature  increase 
anything  more  than  an  accidental  symptom  of  this  increased  metabolism. 
The  older  view  was  that  the  increase  of  temperature  represents  a neces- 
sary and  important  part  of  the  pathological  condition,  one  of  the  primary 
factors  in  the  fever  and  to  be  reduced  if  at  all  possible.  It  is  undoubtedly 
true  .that  in  certain  cases  where  the  fever  temperature  is  excessively 
raised  the  rise  in  temperature,  say  from  106  to  111  degrees,  represents  a 
true  pathological  condition  dangerous  to  life.  Bacteriology  however  sug- 
gests that  the  increase  in  temperature  represents  rather  a symptom 
which  gives  evidence,  of  the  attempt  of  the  regulative  heat  mechanism  to 
protect  itself,  than  a primary  condition  of  pathology  in  the  disease,  the  in- 
creased heat  arising  rather  as  a curative  means  of  destroying  the  bacteria 
or  bacterial  poison.  It  is  claimed  that  the  erysipelas  germ  lives  only  be- 
tween the  temperatures  from  normal  to  39  degrees  and  that  above  39.5 
degrees  the  influence  of  the  heat  is  to  destroy  the  baccillus.  In  the  case 
of  the  baccilli  anthracis  and  the  pneumococci  a temperature  of  42  degrees 
producs  enfeebling  so  that  instead  of  producing  the  pathological  condition 
they  render  the  animal  immune  from  the  disease.  These  bacteriological 
principles  are  confirmed  by  clinical  experience  where  an  increase  of  tem- 
perature seems^o  give  the  patient  a better  hope  of  recovery  from  the  di- 
sease. In  this  case,  at  least  in  some  of  the  fevered  conditions,  the  in- 
crease nf-tempe nature  represents  a physiological  not  a pathological  con- 
dition, in  other  words  it  represents  the  attempt  of  nature  to  restore  the 
normal  and  establishes  the  principle  that  nature  has  always  a tendency  to 
return  to  the  normal.  While  fever  represents  a disorder  of  the  heat  reg- 
ulation it  marks  rather  a symptom  of  the  disordered  condition  in  the  in- 
creased metabolism,  the  heat  condition  representing  a disturbance  of  the 
regulative  heat  mechanism.  The  incapacity  of  the  body  during  fever  for 
mechanical  work  indicates  that  all  the  energy  or  most  of  it  passes  into 
the  heat  form,  represented  by  the  lethargic  condition  of  the  body.  This 
represents  the  lack  of  transformation  from  energy  to  mechanical  activity. 

The  fever  symptoms  are,  (a)  an  increase  in  body  temperature.  This 
is  not  only  true  when  the  skin  is  flushed  but  also  when  the  body  is  chilled 
as  manifested  in  tremors.  The  flushed  skin  is  a good  heat  conductor 
while  the  skin  when  pallid  is  a bad  heat  conductor.  According  to  Finlay- 
son  the  sub-febrile  condition  varies  from  37.5  to  38.5  degrees,  the  moder- 
ate febrile  condition  from  39  to  3‘i.5  the  high  febrile  condition  from  40  to 
40.5  and  the  hyperpyretic  condition  41  and  over,  (b)  The  increased  pro- 
duction of  heat  is  another  element  in  the  fever.  This  is  partly  due  to  the 
increase  in  the  circulation  which  passes  into  the  heat  and  to  the  increas- 
ed metabolism  resulting-  in  oxidation,  (c)  This  increased  heat  prod  ac- 
tion, especially  the'  metabolism,  results  in  the  languishing  .effect  on  the 
body  and  represents  the  wasting  of  energetic  activity.  So  much  is  this 
regarded  as  the  great  element  of  fever  that  some  physiologists  ascribe 
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the  fever  entirely  to  this  hyper-nletabolism.  This  is  associated  with  in- 
creased O consumption  and  CO2  excretion,  as  we  said  before,  the  increas- 
ed production of  urearesultingin  accumulation  within  the  system  until  Ac- 
aftei  the  critical  stage  is  passed  when  it  is  excreted  in  great  abundance, 
companying  these  is  an  increase  of  uric  acid,  urobilin  derived  from  disin- 
tegrated haemoglobin  and  a large  increase  of  the  potassiates.  (d j The 
lessened  heat  loss  varies  in  different  fevers  and  the  different  stages  of  the 
same  fever.  Three  stages  are  usually  distinguished.  The  cold.  stag£ 
where  there  is  a greatly  lessened  heat  loss  partly  due  to  the  coldness  and 
pallor  of  the  skin  retarding  the  radiation  of  heat  while  the  heat  production 
continues  to  increase;  the  warm  stage  during  which  the  heat  given  off  is 
increased  on  account  of  the  flushed  condition  of  the  skin  which  promotes 
heat  radiation  while  there  is  an  increased  heat  production;  the  sweating 
stage  which  represents  the  largest  increase  of  heat  loss  because  of  the 
profuse  sweating  in  which  there  is  a large  evaporation  from  the  moist  and 
flushed  skin,  (e)  During  the  fevered  condition  there  is  an  interference 
with  the  heat  regulating  mechanism.  If  the  external  temperature  of  a 
fever  patient  is  increased  there  wrill  be  an  increase  of  body  temperature 
correspondingly  greater  than  in  the  normal  individual,  because  the  heat 
production  is  greatly  stimulated  and  the  regulative  mechanism  is  not  able 
to  control  the  production.  Associated  with  the  febrile  condition  there- 
fore may  be  here  stated  the  true  osteopathic  therapeutics,  namely  an  at- 
tempt to  restore  the  normal  regulative  function  of  the  heat  regulating  me- 
chanism, associated  with  the  thermogenic  and  thermolytic  centers  in  th_e 
brain  and  in  the  spinal  cord  and  the  vaso-motor  center  in  connection  with 
het  blood  supply  and  circulation. 

Associated  with  febrile  conditions  we  find  other  complications  which 
may  be  regarded  as  accessory  phenomona.  There  is  usually  an  increase 
in  the  number  and  intensity  of  the  heart  beats  and  in  respiratory  activity. 
These  represent  the  attempt  to  balance  the  system  on  a higher  scale, 
compensating  for  the  higher  temperature  by  the  increased  heart  and  res- 
piratory activity.  Similarly  we  find  decreased  alimentary  activity,  disor- 
dered cerebral  conditions,  interference  with  secretion,  a languid  muscu- 
lar condition,  and  diminished  excretions.  Often  associated  with  the  in- 
creased metabolic  changes  we  find  the  degeneration  of  tissues  resulting 
from  over  exertion  carried  beyond  the  stage  of  fatigue.  In  regard  to  the 
effect  of  fever  depressants  in  the  form  of  drugs  we  find  variations,  qui- 
nine and  the  metallic  salts  lessen  the  production,  the  latter  especially  les- 
sening the  production  of  CO2.  As  the  body  temperature  depends  upon 
the  heat  production  and  the  heatloss  the  temperature  may  be  lowered  either 
by  diminishing  the  production,  increasing  the  loss  or  by  a combination  of 
the  two.  By  the  application  of  cold  water  to  the  body  heat  is  removed 
from  the  body  so  that  this  method  has  been  called  anti-thermic.  In  the 
use  of  cold  water  the  person  requires  to  be  put  into  the  cold  bath  several 
times  to  effect  a lowering  of  temperature.  Some  use  alcohol  the  effect 
being  to  promote  the  radiation  of  heat  from  the  body;  others  stimulate 
the  sweat  activity  so  as  to  throw  out  from  the  body  a large  volume  of 
sweat  and  thus  carry  off  heat  by  evaporation.  Some  of  the  drugs  directly 
affect  the  metabolism  of  the  tissues  thereby  lessening  the  oxidation  pro- 
cesses and  producing  a diminished  heat  supply,  for  example,  quinine,  the 
salicylates  and  digitalis.  The  osteopathic  remedies  however  are  more 
physiological,  because  to  lessen  the  production  or  loss  of  heat  simply 
deals  with  the  effect  and  symptoms,  whereas,  the  regulation  of  the  heat* 
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mechanism  restores  nature  to  its  normal  condition  and  prevents  any  un- 
due interference  with  heat  production  or  loss  which  may  produce  fatal  re- 
sults. In  fever  the  solid  food  is  not  used  up  but  there  is  a great  demand 
for  water,  this  demand  representing-  the  attempt  of  nature  to  wash  out 
the  waste  products  that  accumulate  in  the  system.  When  the  sweat  se- 
cretion becomes  active  it  is  evidence  that  nature  is  successful  in  this  at- 
tempt to  throw  off  the  waste  products. 

In  the  case  of  inflammation  as  the  name  indicates  there  seems  to  be 
increasedheatproduction.  Experiments  and  clinical  observations  however 
do  not  justify  the  supposition  that  there  is  a greater  heat  production  in 
the  part  inflamed  even  though  the  temperature  is  higher  than  a corres- 
.pondent  part  in  the  body  organism.  The  increase  in  temperature  in  in- 
flammation is  due  to  vascular  variations  resulting  in  dilatation  and  there- 
fore an  increased  volume  of  blood  in  the  inflamed  parts.  Experiments 
have  not  proved  that  the  temperature  of  the  inflamed  parts  or  of  the  blood 
in  that  part  is  above  the  maximum  of  arterial  blood,  and  in  order  to  estab- 
lish the  production  of  heat  in  connection  with  inflammation  it  would  re- 
quire to  be  proved  that  such  an  increase  in  temperature  does  exist.  The 
heat  increase  in  inflammation  is  due  therefore  to  the  increase  of  vascular 
activity  and  partly  to  the  increased  cellular  metabolism  resulting  in  an  in- 
creased oxidation  in  the  local  area  giving  rise  to  more  heat. 

(2)  Postmortem  temperature.  Often  there  isfound  after  death  an  in- 
crease  Jn_  tempmzatnrc.  This  is  always  found  in  cases  of  sudden  and 
violent  deaths  where  the  individual  was  healthy  and  where  death  results 
in  connection  with  more  or  less  violent  convulsions.  This  arises  from  the 
fact  that  heat  ^production  continues  while  on  account  of  death  the  regulat- 
ive apparalu s has  ceased  fo'e'xercise  its  regulative  functions  resulting  in 
diminished  heat  loss.  At  death  especially  where  the  body  is  vigorous 
there  is  a large  capital  stock  in  the  body  in  the  oxidation  of  which  heat 
production  can  continue.  This  heat  production  after  death  results  from 
the  continued  chemical  action  associated  with  the  muscles  and  other  tis- 
sues of  the  body,  these  tissues  being  in  a semi-living  condition  so  far  as 
energy  production  is  concerned,  the  general  body  vitality  having  been 
withdrawn.  The  body  as  a whole  dies  before  its  parts,  the  cell  retaining 
the  grasp  on  life  more  vigorously  than  the  body.  In  this  case  there isstill 
preserved  in  the  tissue  cells  a metabolic  activity  and  materials  to  furnish 
this  activity  so  that  until  the  body  heat  is  lost  so  as  to  reduce  the  body 
temperature  to  a standard  below  this  possible  metabolic  activity  it  contin- 
ues to  act  in  the  production  of  heat.  This  means  that  after  the  body 
death  the  cells  continue  to  live  until  exhausted  when  the  tissue  cells  die. 
If  the  temperature  of  the  body  is  high  at  the  death  of  the  body,  represent- 
ed by  the  stoppage  of  circulation  and  respiration,  the  heat  production  con- 
tinues because  the  cooling  process  takes  place  more  slowly  and  until  this 
cooling  takes  place  chemical  cell  activity  is  preserYed.  During  the  time 
•that  elapses  before  the  rigid  condition  is  fully  developed  heat  continues  to 
be  produced, so  that  if  the  rigor  condition  comes  on  soon  there  is  a great- 
er heat  production  before  it  comes  on,  after  which  it  ceases.  This  in- 
creased production  is  assisted  by  the  lessened  heat  loss.  On  account  of 
the  stoppage  of  circulation  and  respiration  heat  loss  is  lessened  so  that 
even  when  heat  production  ceasesafter  death  as  the  heat  lossisless  marked 
the  temperature  of  the  body  may  rise  on  account  of  accumulated  heat. 
This  increase  in  body  temperature  after  death  is  marked  in  cases  of  yel- 
low fever,  cholera  and  death  from  tetanus.  Wunderlich  reports  that  an 


For  converting  F.  into  C.  (mentally)  subtract  32; 
to  the  result  add  j of  this  remainder;  divide  this  sum 
by  2,  as  per  following  formula;  F.  — 32  -f  4-  2 = 
C.  Example:  2120  F.  - 32  + 20  2 = ioo°  C. 

For  converting- C.  into  F.  multiply  by  2,  subtract  X, 
add  32,  as  per  following  formula:  C.  X 2 — T>(J  -f-  32 

= F.  Example:  ioo°  C.  X 2 — 20  -f-32  212°  F. 

A.  M.  Whiton,  M.D. 


South  Byron,  N.  Y, 


■+-“ 1 • PHYSIOLOGY  of  the  musclk.  and  nerve 

) f Jd 

houi  after  death  from  tetanus  he  found  the  body  temperature  over  45^de- 
g^i  ees.  i his  is  due  to  various  processes,  (aj  heat  production  arising 
from  the  process  of  coagulation  in  connection  with  the  myosin  the  coagul- 
ation pi  ocess  producing- heat.  This  is  found  in  connection  with  blood 
coag-ulation,  where  it  is  rapid  heat  production  is  increased.  (b»  Associ- 
ated with  death  there  are  certain  chemical  chang-es  which  result  in  heat 
production.  The  cooling-  pi-ocess  after  death  is  first  rapid  and  then  it  be- 
comes more  slow.  In  connection  with  the  rig-or  mortis  condition  heat 
hastens  its  coming-  on.  If  a muscle  excised  from  the  body  of  an  animal 
like  a fiog"  is  put  into  a saline  solution  at  40  degrees  of  temperature  it  at 
once  becomes  rig-id;  the  heart  will  become  rig-id  if  placed  in  such  a solution 
at  44  degrees  and  other  parts  of  the  body  at  varying  temperatures  up  to 
51  degiees.  'This  heat  rigidity  represents  a suddenly  induced  rigor- 
moi  tis  because  the  myosin  in  this  case  while  it  becomes  coagulated  is  not 
insoluble,  as  in  the  case  of  slow  rrgormortis. 

CHAPTER  X.  THE  PHYSIOLOGY  OE  MUSCLE 

AND  HER  YE. 

SECTION  I.  Introduction. 

In  order  that  the  blood  may  be  of  value  to  the  body  it  must  be  carried 
to  the  different  tissues  and  this  is  accomplished  by  the  means  of  active 
movements  of  the  tissues.  In  order  that  the  blood  may  be  fit  for  use 
by  the  tissues  it  must  be  associated  with  alimentary  processes  and  to 
secure  this  there  must  be  certain  movements.  These  movements  are  as- 
sociated with  the  muscle  and  nerve  tissues  of  the  body.  The  most  of  the 
movements  of  the  body  are  carried  out  by  means  of  the  skeletal  muscles 
which  are  closely  conneted  with  the  skeleton.  When  certain  influences 
are  brought  to  bear  on  these  muscles  they  are  subject  to  contraction  so 
that  in  contracting  the  bones  and  ligaments  are  moved  or  influenced  in 
such  a way  as  to  produce  body  movements.  This  contraction  involves 
shortening  of  the  muscle  and  is  called  contraction  as  applied  to  muscle 
which  is  therefore  said  to  be  contractile.  We  find  different  forms  of 
muscle  throughout  the  body;  for  example,  the  heart  is  a great  muscular 
organ,  its  peculiar  muscular  form  giving  to  it  its  contractile  action  as  we 
find  it  associated  with  the  heart  beat.  In  the  alimentary  canal  we  find 
also  special  muscles  the  contractile  actions  of  these  muscles  giving  rise 
to  the  peculiar  contractile  peristalsis  that  is  associated  with  the  digestive 
process.  Most  of  the  body  movements  are  thus  associated  with  the  con- 
tractile character  of  the  muscles.  It  is  true  that  we  find  certain  move- 
ments  in  connection  with  the  white  corpuscles  that  are  called  amoeboid 
movements  and  ciliary  movements  in  connection  with  the  epithelium  of 
the  respiratory  passages  but  these  amoeboid  and  eiTtiary  movements  are 
essentially  thesameas  the  muscle  movements  in  contraction,  being-  contrac-* 
tile.  Hence  when  we  analyze  the  conditions  of  muscular  tissue  it  implies 
all  the  muscles  of  the  body  practically.  All  these  muscular  forms  are 
under  the  control  of  the  nerves  because  normally  there  is  no  muscular 
contraction  that  is  not  closely  dependent  upon  nervous  stimulation. 
Thus  the- muscles  and  nerves  are  very  closely  connected  in  these  phe- 
nomena of  contractility  and  for  this  reason  are  treated  together.  Micro- 
scopic examination  and  chemical  analysis  seldom  give  any  evidence  of 
physiological  function.  Hence  the  examination  histologically  or  chemically 
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of  a muscle  can  notgi veusany  definite  ideaofits  use  in  the  body  mechanism, 
so  that  \ve  must  first  of  all  analyze  the  functions  and  then  sec  if  any  ex- 
planation of  this  functional  activity  can  be  found  in  connection  with  the 
purely  physical  or  chemical  properties  of  the  muscle. 

We  have  seen  that  circulation  and  respiration  represent  two  of  the 

I great  functions  of  the  body.  These  two  functions  along-  with  dig-estion 
depend  upon  the  activity  of  the  muscle  movements  in  contraction  and  re- 
laxation. All  the  movements  of  the  body  therefore  depend  upon  muscu- 
lar action  and  this  in  turn  depends  on  the  stimulation  of  the  nervous  sys- 
tem in  connection  with  nerve  centers  and  fibres.  Before  we  can  under- 
stand how  these  movements  are  carried  out  and  of  value  to  the  body  as  a 
whole  we  must  find  out  what  are  the  essential  properties  of  the  muscle 
and  nerve.  All  muscular  tissues  have  certain  common  peculiarities  that 
may  be  calledmuscular  properties  whicTTare  either  physical,  chemical  .or 

(physiological.,  -By  means  of  the  biceps  muscle  the  arm  is  oent,  by  meansof 
the  triceps  it  is  extended,  the  eve-ball  is  rotated  by  the  external  rectus 
muscle,  the  ribs  are  raised  by  the  intercostals — these  represent  different 
muscular  actions  yet  the  muscles  eng-ag-ed  in  them  possess  very  similar 
characteristics.  Hence  it  is  said  that  the  difference  in  developed  special 
functions  depends  upon  the  anatomical  relations,  of  the  muscles  and  the 
nerve  connections  wdth  the  brain  and  spinal  cord.  We  find  differences  asin 
the  cardiac  muscle  com  pared  -with  the  reg'ular  skeletal  muscle  but  all  for  ms  of 
muscle  whether  striped  or  unstriped  have  a certain  resemblance.  It  is 
this  that  is  discussed  in  the  g-eneral  physiology  of  muscle  tissue.  When 
we  pass  from  muscle  to  nerve  we  find  a still  further  departure  from  the 
undifferentiated  protoplasmic  form  in  that  it  has  ceased  to  possess  con- 
tractility or  at  least  to  possess  it  only  to  a very  slight  extent  while  it  re- 
tains irritability  and  the  powpr  of  development  and  reproduction.  The  re- 
sult is  there  is  a general  resemblance  between  muscle  and  nerve  tissue 
and  it  is  to  this  special  resemblance  that  we  are  directed  in  the  physio- 
• logy  of  muscle  and  nerve. 

One  of  the  peculiar  attributes  of  all  protoplasm  or  rather  bioplasm  is 
its  capacity  of  mobility  and  therefore  its  power  to  change  its  form.'  This 
mobility  seems  to  lie  so  inherent  in  some  forms  of  bioplasm  that  it  is  said  to 
be  spontaneous  the  stimulation  arising  from  -within  rather  than  from  the' 
outside.  More  generally  however  it  is  in  response  to  an  n^tni-nal  stimu- 
lus that  mobility  is~arousetU-  It  is  this  power  of  motion  that  we  find  asso- 
ciatecTwIth  muscle.  Hence  when  the  muscle  is  resting  it  is  lengthened 
under  relaxation,  when  it  is  stimulated  to  activity  it  becomes  shortened 
and  thickened  and  hence  it  is  said  to  be  contracted.  It  is  this  contractil- 
ity that  forms  the  basis  of  muscle  function  changing  the  form  of  struc- 
tures, moving  bones  and  joints.  In  the  normal  muscle  we  find  that  the 
structure  of  the  striped  muscle  is  much  discussed  in  Histology,  so  much 
so  that  the  history  ofhistology  gives  rise  to  newtheoricsof  thestructure  and 
relation  of  the  different  parts.  The  fibre  of  the  muscle  represents  the  basis 
ofthe  minutcstructure,  itissurrounded  by  the  sarcolemma  astructurelcss 
membrane.  Thefibrcsvary  very  much  insizeupto  4cm. the  diameter  vary- 
ing from  10  to  60  micra.  In  the  fibre  we  find  alternating  dark  and  light 
stripes  having  an  important  bearing  on  refraction.  Some  think  that  there 
is  a membrane  dividing  the  lighter  part  into  a series  of  compartments, 
but  this  has  been  denied  by  Kuhne  who  followed  the  movements  of  a germ 
a ong  the  fibres  unimpeded  by  any  such  septa.  In  regard  to  the  sareolr 
emma  'Schaefer  regards  the  contractile  parts  as  delicate  columns,  sarcos- 
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tyles,  separated  by  partitions  into  compartments,  sarcomeres,  each  of  the 
latter  containing- a sarcous  element  with  a bright  fluid  at  the  ends  giving 
rise  to  the  light  colored  stripe.  During  the  period  of  contraction  this 
fluid  is  forced  into  delicate  longitudinal  canals  which  run  through  sarcous 
material.  Others' regard  the  sarcolemma  as  consisting  of  a net-work  in 
close  connection  with  the  nuclei  forming  the  contractile  portion  of  the 
fibres,  but  this  idea  has  gained  no  favor.  It  seems  therefore  probable 
that  in  the  muscle  fibre  we  have  two  different  substances  one  part  con- 
tractile and  the  other  part  non-contractile,  the  latter  being  interstitial  and 
and  forming  the  trophic  element  of  the  fibre  and  non-contractile  because  of 
its  fluid  or  semi-fluid  character.  The  contractile  portion  is  found  in  the 
fibrillar  part  of  the  muscle  or.  sarcostyle  interpersed  between  the  fibrillae 
being  the  sarcoplasm.  In  the  case  of  the  unstriped  muscle  the  fibres  are 
spindle  shaped  and  have  only  a single  nucleus.  Of  this  unstriped  muscle 
we  know  almost  nothing  because  of  the  difficulty  of  experimenting  with 
the  smooth  muscle  in  such  a form  as  to  be  suitable  for  experiments. 
Hence  it  is  the  ordinary  muscle  that  we  speak  of  in  what  follows,  the 
fibrillary  threads  being  enveloped  in  the  fine  sarcolemma  membrane. 
Muscle  consists  of  a large  number  of  these  fibrillae  side  by  side,  all  bound 
together  closely  and  often  packed  in  connection  with  the  connective  tis- 
sueT  The  unit  however  is  the  muscle  fibre,  a single  fibre  having  the 
the  power  of  contractility  as  may  be  seen  under  the  microscope;  however 
when  these  fibres  are  bundled  together  the  muscle  movements  are  the  re- 
sult of  the  combined  contractile  activity  of  these  fibres.  Hence  the  muscle 
contraction  depends  on  the  number  of  these  unit  fibres  so  that  the  strength 
and  intensity  as  well  as  the  extent  of  muscle  contractions  depends  upon 
the  requirements  of  the  muscle  at  the  part  of  the  bod}-  where  it  is  found, 
the  difference  in  functional  activity  being  based  upon  structural  form. 

It  is  on  this  basis  tbflt  we  have  a txvn-fnld  rlUtinetinn  of  muscles,  tile 
one, form  found  in  close  connectiorLwith  the  bones  whose  function  is 
closely  connected  with  rapid  action  continued  only  for  a shorr  time,  while 
the  other  is  found  in  the  in  ter  n al.org  an  s like  the  i n t e s t i n es^ffhe  blood  ves- 
sels, etc.,  very  slow  in  movements_and  capable  of  great  strain  and  long 
continued  activity.  The,  fanner  represents  the  striated  muscle  and  the 
latter  unstriated  having  no  crossings.  The  former  are  often  called 
voluntary  because  dependent  largely  on  the  will  stimulation,  whereas,  the 
latter  are  called  involuntary  because  not  dependent  on  the  will  activity. 
Contractility,  is  a property  of  all  muscle  tissue  and  hence  d oes  not  depend 
on.  structure,  otherwise  only  some  forms  of  muscle  would  possess  this 
property. 

This  property  of  contractility  is  not  limited  to  muscle.  For  a long 
time  it  has  been  recognized  that  mobility  is  an  essential  characteristic  of 
minute  particles  of  bioplasm.  The  amoeba  represents  a very  minute 
animal  found  in  connection  with  pools  or  in  connection  with  some  forms 
of  plant  life  found  growing  in  the  water  or  on  marshy  ground.  It  is  a 
jelly  like  structure  with  almost  complete  transparency,  consisting  of  a 
large  number  of  minute  granular  particles  in  the  midst  of  which  exists 
these  delicate  fibrillary  threads  with  a small  rounded  nucleus,  with  a 
small  vesicular  hollow  very  mobile  in  shape  and  size,  together  with  minute 
food  balls  that  are  passing  through  various  changing  shapes.  \\  hen 
resting  the  body  is  flattened  and  irregular  in  form,  the  form  being 
changed  particularly  in  connection  with  heat.  Rising  from  the  surface 
are  tongue-like  projections  or  feet  of  varying  size  and  shape.  This 
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minute  animal  is  living  and  capable  of  amoeboid  mevements.  When  it 
changes  its  position  its  feet  are  projected  forward  while  the  body  dimin- 
ishes in  size,  the  body  gradually  following  after  the  projecting  foot.  During 
this  locomotive  action  it  can  absorb  food  atoms  into  its  own  substance, 
excreting  the  waste  matter  also  during  locomotion  by  leaving  the  excret- 
ion behind.  These  amoeboid  mevements  are  generally  supposed  to 
originate  within  The  bioplasm,  while  mechanical,  chemical  or  electrical 
shocks  produce  a contraction  in  the  animal  which  coils  itself  up  in  a ball 
shape!  The  white  corpuscles  possess  and  manifest  these  same  amoeboid 
movements.  Similar  movements  are  found  in  connection  with  the  lymph 
and  pus  corpuscles.  In  the  case  of  the  vorticella  we  find  an  animal  sim- 
ilar to  the  amoeba  containing  all  the  physiological  properties  necessary  to 
life  and  reproduction.  It^  is  found  in  the  shape  of  a bell  with  cilia  pro- 
cesses at  the  margin  and  with  firm  and  solid  cuticle.  When  itis touched  very 
delicately  the  bell  shaped  portion  contracts,  the  margins  being  drawn 
down  tewards  the  center  of  the  interior.  The  contraction  takes  place 
suddenly  and  the  following  relaxation  slowly.  In  these  and  similar  mi- 
nute organism  we  find  the  universal  bioplasmic  principle  of  excitability  or 
the  power  of  responding  to  a stimulus  by  manifestations  of  a peculiar  kind 
that  characterize  physiological  life.  The  great  distinction  between  this 
contraction  and  muscle  contraction  as  we  find  it  in  the  higher  animals  is 
found  in  the  fact  that  it  takes  place  in  any  direction  while  the  muscle  con- 
traction is  uniform  in  direction. 

A higher  form  of  contractility  is  found  in  the  cilia  which  are  found 
very  widely  in  the  animal  kindgom.  In  many  of  the  bacterial  forms  we 
find  the  ciliated  contractions.  In  the  human  subject  we  find  the  ciliated 
epithelium  in  several  layei*s  the  outermost  one  being  pear-shaped  the  wid- 
er end  on  the  surface,  while  it  is  covered  over  with  minute  and  delicate 
cilia.  These  cilia  are  found  in  the  respiratory  passages,  in  the  mid  ear, 
in  the  Eustachian  tubes  and  in  the  fallopian  tubes  and  in  the  central  cavity 
of  the  brain  and  spinal  cord.  When  placed  under  the  microscope  the 
motion  is  so  rapid  that  it  is  difficult  to  distinguish  the  movements,  for  ex- 
ample, in  connection  with  a frog’s  palate;  there  is  found  tO'be  a stream  of 
liquid  going  in  a constantly  uniform  direction  along  the  edges  of  the 
cilia.  A^Jfie  motion  is  lessened  when  the  O becomes  scarce  the  cilia  are 
found  to  bend  inonedirectionfollowingthe  fluid  stream,  the  relaxation  com- 
ing on  slower.  The  movement  is  found  to  be  undulatory  moving  along 
the  cilia  from  row  to  row  in  connection  with  the  respiratory  tract,  these 
cilia  movements  upward  and  downward  assist  in  the  throwing  out  of  for- 
cign  particles  and  other  pathological  elements.  This  represents  the 
principle  ol  contractility  that  is  associated  with  all  living  bioplasm. 

Anjitlie.r utf.-t.lie  properties  very  closely  connected  with  this  as  found 
jn  living  matter  is  irritability.  It  is  . the  property  in  virtue  of  which  liv- 
ing matter  undergoes  certain  changes  physical,  chemical  or  electrical 
under  the  influence  of  certain  stimuli. which  act  as  irritants.  Muscle 
is  very  irritable  and  readily  responds  to  stimulation  in  connection  with 
mechanical,  electrical  or  chemical  changes.  The  skeletal  muscles  do  not 
move  automatically  and  hence  do  not  manifest  spontaneous  irritability. 
Such  automatic  activity  depending  upon  internally  originated  impulses  is 
found  in  connection  with  the  infusoria  and  it  is  claimed  that  the  cardiac 
contractions  in  connection  with  heart  rhythm  are  of  the  same  nature. 
Closely  allied  to  these  two  principles  is  the  principle  of  conductivity  found 
in  connection  with  bioplasm.  Conductivity  represents  the  principle  in 
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virtue  of  which  thc  substance  when  irritated  transmits  the  commotion 
along-  the  irritable  bioplasm.  When  an  external  stimulus  .irritates  a 
small  part  of  the  substance  the  irritability  is  transmitted  along  thffiTub- 
stance  as  an  impulse  so  that  the  irritation  passes  from  section  to  section 
along-  the  bioplasm. 

Irritability  and  conductivity  are  not  confined  to  muscular  tissue  thev 
arm  found  iiL._a^  higher  degree  in  nerve  tissue,  althoug-h  nerve  tissue  does 
not  have  the  power  of  mobility  or  contractility.  In  the  nervous  system 
\ve  lind  the  nerve  fibres  and  cells,  the  latter  in  the  brain,  spinal  cord  and 
in  the  spinal  and  outer  ganglia  along-  the  path  of  the  nerve  fibres.  In  the 
nerve  fibres  the  axis  cylinder  represents  the  active  part  of  the  nerve  this 
axis  cylinder  representing-  the  developed  out  process  of  a cell  which  when  it 
passes  beyond  the  central  nervous  system  is  enveloped  in  a neurilemma. 
Among  th e nerve  fibres  we  find  some~mcdullated  and  some  non-mednllat - 
ed,  tTTetbrmer  having  a medial  medullary  substance  between  the  axi- 
inderand  the  netfrilemmai.  wfi  lie  the  latter  have  not  this  medullary  sheath. 
When  theuervefibreis.irritate.dthe  fibre  possesses  the  power  of  transmb- 
ting- the  nerve  commotion  along  its  length,  sufficiently  strong. to  excite..  the 
cell  to  activity.  Thus  the  nerve  fibres  represent  the  paths  between  the 
nerve  cells  in  the  central  system  and  the  neuro-muscular  end  organs  as  veil 
as  the  muscular  and  glandular xelLs.  The  nerve  fibrcsarevenini ; 
centripetal  as  they  carry  impulses  outward  or  inward,  in  connection  with 
the  central  system;  those  arousing  muscular  activity  being  called  -motor; 
those- found  in  connection  with  the  blood,  vessel  -Walls. vaso-motor;  those 
terminating-  in  the  glandular  cells  secretory  and  those  terminating  in  tin 
seusorium  in  the'ffirain  sensory  nerves.  The  principle  of  conductivity  is 
the  same  in  all  the  different  fibres  the  effect  depending  on  the  origination 
organ  and  the  terminating-  organ.  Nerve  fibres  are  bound  up  in  tin 
trunks,  the  centrifugal  amLcentri petal  running-  side,  by  side  in  the  sanu 
trunk,  the  fibres  of  different  kinds  being  bound  together  by  connective 
tissue.  In  connection  with  the  neural  substance  there  is  no  contractilitv 
but  the  protoplasmic  substance  possesses  most  of  the  properties  assoc iat 
ed  with  muscular  protoplasm.  All  cells  in  connection  with  bioplasmic 
matter  have  originated  from  two  primitive  cell  foams.  When  the  fecun- 
dated  ovum  divides  it  forms  two  cells,  these  two  original  cells  dividing, 
this  division  going  on  side,  by  side  with  a:V "arrangement  of  cell  -in  struc- 
tural forms  developing  into  the  organism  of  the  embryo.  While  the  divi- 
ding process  goes  on  the  enlarging  process  goes  on  also,  each  cell 
talcing  on  new  matter  and  thus  enlarging-  the  protoplasm'.  vThile  this  nu- 
tritive  process  goes  on  the  cells  assume  their  structuraTTorms  In  cormcc- 
tion  with  cell  differentiation.  In  this  differentation  process  we  .ind  that 
certain  characteristic  features  of  one  kind  of  cell  become  specialized 
while  in  the  other  kind  of  cell  a similar  specialization  takes  pjacejdong  a 
different  line.  The  original  cells  do  not  possess  all  the  properties  of  de- 
veloped cells  but  they  do  possess  certain  properties  that  al:  cells  have  in 
common,  namely  that  of  taking  in  and  using  materials  in  the  process  of 
upbuilding  and  enlargement,  the  power  of  liberating- energy  suitable  to 
the  cell  life  in  connection  with  the  chemically  changed  food  elements  and 
and  also  the  power  of  eliminating-  unsuitable  and  waste  elements  together 
with  the  power  of  reproduction.  It  is  claimed  by  some  that  the  original 
ovum  has  the  properties  of  contractility,  irritability  and  conducin' ity ; 
in  some  cases  the  contact  of  the  spermatozoon  and  the  ovum  resulting _lu 
the.  fertilized  ovum,  the  oval  external  protoplasm  forming  an  external 
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membrane  to  prevent  the  contact  of  other  spermatozoa!  forms.  Thus  in 
the TertilTzecI Twnrmwe  find  irritability  and  contractility  these  being-  the 
important  principles  at  the  basis  of  the  processes  of  fecundation  and  differ- 
entiation, thesejpropei-ties^becoming  the  special  property  of  all  the  divi- 
ded cells  until  specialization  of  function  becomes  more  complete,  when  in 
muscle  fKe  principle  of  contractility  becomes  a permanent  characteristic 
and  in  nerve  fibre  the  principle  of  conductivity.  Thus  we  find  in  ascend- 
ing  the_scaie_of  animal  life  from  the  lowest  amoebic  form  that  the  proper- 
ties of  bioplasm  are  uniformly  developed  becoming  more  differentiated 
as  we  come  to  forms  of  life  where  rapid  mobility  is  required  the  several 
kinds  of  tissue  being  adapted  to  these  special  forms  of  motion.  As  the 
con t.ra c.tion _hecqm es  more  rapid  the  tissue  differs  more  from  the  original 
protoplasmic  cell  and  as  the  contraction  becomes  slower  it  adheres  more 
closely  to  the  original  protoplasmic  cell. 

In  the  minute  capillary  walls  the  muscular  contraction  is, .very  slow 
and  the  relaxation  is  quite  primitive  giving  tone  to  the  capillaries,  where- 
as in  the  intestinal  movements  we  find  rapidity  and  also  a delicate  and 
elongated  muscular  cel.  The  cardiac  movement  is  quick  and  powerful 
but  not  quick  when  compared  with  the  sudden  action  of  a skeletal  muscle, 
so  that  we  find  both  the  slow  and  quick  movement  associated  with  the 
complex  cardiac  muscle.  In  regard  to  the  connection  of  muscle  and 
nerve  the  nerves  branching  among  the  fasciculi  of  a muscle  divide  and 
subdivide  in  the  formation  of  a large  number  of  branches  forming  the  in- 
termuscular nerve  plexus.  Arising  out  of  these  ramifications  we  find 
very  delicate  branches  each  consisting  of  a medullated  fiber  which  ends  in 
the  muscle  fiber.  When  a nerve  enters  a muscle  there  are  not  corres- 
ponding fibers  in  the  nerve  for  every  muscle  fibre  but  when  the  nerve  en- 
ters the  fibre  of  muscle  the  axis  cylinder  is  divided  into  as  many  fibres  as 
correspond  with  the  muscle  fibres.  As  the  nerve  enters  the  muscle  fibre 
it  loses  the  white  substance  of  Schwann,  the  axis  cylinder  passes  through 
the  sarcolemma  and  ends  in  the  muscle  fibre  in  an  end  plate.  We  find 
great  variations  in  these  end  plates,  some  of  them  consisting  of  very  deli- 
cate fibres  in  which  the  axis  cylinder  is  split  up  forming  a mesh  work  by 
anastomosis,  while  others  assume  the  form  of  irregularly  shaged  granular 
discs  with  a large  number  of  vesicular  nuclei.  Here  there  is  estab- 
lished an  inseparable  relation  between  the  nerve  and  muscle  tissues,  the  one 
blending  into  the  other.  The  axis  cylinder  is  spread  out  into  a net  work 
of  minute  processes,  the  central  portion  forming  a kind  of  capillary  part 
around  which  the  minute  processes  radiate,  these  find  fibrils  ending  in 
the  muscle  fibres. 

— ^ Before  passing  to  the  discussion  of  the  main  subject  we  must  speak 
of  the  chemical  and  physical  properties  of  the  muscle  fibres.  (1)  .TJi.e 
chemical  properties  of  muscle.  Muscle  fibres  consists  of  the  muscle 
plasma  which  can  be  pressed  out  of  the  muscle  in  a recently  killed  animal, 
representing  a neutral  or  very  slightly  alkaline  fluid  of  gelatinous  charac- 
ter; and  an  insoluble  element  consisting  chiefly  of  sarcolemma,  nuclei,  fat 
and  the  more  solid  elements  of  blood  vessels,  nerves,  lymphatics,  together 
with  muscle  tissue.  Acetic  acid  does  not  affect  the  sarcolemma  but  if  it 
is  heated  along  with  acids  or  alkalies  it  will  dissolve  slowly.  It  is  claimed 
on  account  of  this  to  be  analogous  to  elastin.  In  the  muscle  there  is  a 
doubly  refractive  element  of  contractile  discs  in  the  case  of  striated 
muscle  whose  composition  is  unknown.  If  the  muscle  is  deprived  of 
blood  and  then  subjected  to  pressure  at  a low  temperature  of  8 to  10  de- 
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y;reesC  the  muscle  plasma  may  be  obtained.  It  is  derived  from  the  isot- 
ropous  part  of  the  fibre.  As  a fluid  it  is  colorless  or  slightly  yellowized, 
alkaline  in  reaction  and  containing-  several  albuminous  substances.  When 
pressed  out  it  very  rapidly  coagulates  dividing-  into  two  parts — the  myosin 
and  myosin  scrum.  Its  coagulation  is  retarded  bv  keeping-  it  cold  and  ac- 
celerated by  heat,  ammonia,  weak  acids  and  distilled  water.  The  mvosin 
is  albuminous  in  composition  soluble  in  five  percent  solution  of  sodium 
chloride  or  veryweakHCl  acid.  By  theuseofthelatterinavery  weak  solut- 
ion .1  percent  it  is  transformed  to  syntonin,  this  substance  being-  insol- 
uble in  NaCl  solutions  and  in  sulphate  of  mag-nesium  solutions. 

The  muscle  serum  contains  when  exuded  from  the  myosin.  1 1 ) water 
about  Tthor  SO  percent.  (2)  Albuminates  such  as  potassic  albuminates 
precipitated  by  heat  over  20  degrees  C.  It  is  not  myosin  as  it  is  insol- 
able  in  NaCl  solutions.  -If  the  serum  is  made  acid  and  heated  to  75  de- 
grees C it  will  yield  serum  albumin  and  also  an  alkaline  potassic  albumin- 
ate. (3)  Ferments,  are  found  in  connection  with  the  serum  including-  the 
muscle  ferment,  pepsin  and  ptyalin.  (4)  Pigment,  the  muscle  haematin 
almost  identical  with  haemoglobin.  (5)V anous  nitrogenous  extractives  in- 
cludingAemlhhi^kreatin,  xanthin,  taurin,  urea  and  uric  acid.  If  muscle  • 
fibre  is  placed  in  cold  water  the  muscle  gives  up  some  of  its  elements  that 
redden  the  water.  By  boiling  this  reddened  water  the  proteids  are  coag- 
ulated and  by  filtering  the  liquid  part  there  is  found  a liquid  having  in  so- 
lution the  nitrogenous  and  non-nitrogenous  matters.  When  this  liquid 
extract  is  free  from  proteids  and  then  thickened  by  evaporation  it  is  called 
the  extract  of  meat.  (6)  Non-nitrogenous  matters  including  fats,  sarco- 
lactic  and  ethylene-lactic  acid, .muscle  sugar,  glycogen  and  dextrin.  Glvco- 
gen  is  found  in  muscle  varying-  from  .5  to  one  percent.  The  volatile  acids 
have  also  been  found,  such  as  formic  acid  and  in  dead  muscle  the  sarcolac- 
tic  acid  is  always  found.  (7)  Salts  chiefly  the  phosphates  of  the  alkalies 
and  the  alkaline  earths,  potassiF~cH5Tonde  and  a small  quantity  of  NaCl. 
(8)  Gases.  In  a hundred  parts  of  muscle  CO?  has  been  found  to  the  ex- 
tent of  14.4,  N 4.9,  O .09  representing  in  all  19.39.  It  is  claimed  that  a 
large  proportion  of  the  CCb  found  results  from  death  arising  in  connection 
with  muscle  decomposition.  In  human  muscle  Bibra  gives  the  following  . 
quantitative  analysis  74.45  percent  of  water,  25.53  of  solids  including  1.93  of 
albumin,  2.07  gelatin,  3.71  alcoholic  extract,  2.3  of  fat  and  15.54  of  vessels. 

In  a resting-  condition  the  living  muscle  is  alkaline  on  account  of  the  pres- 
ence of  the  potassium  phosphates.  Passing  from  rest  to  activity  it  be- 
comes acid  chiefly  on  account  of  the  formation  of  the  lactic  acid  and  ac- 
cording to  some  due  to  the  formation  of  the  acid  potassic  phosphate.  Our 
knowledge  of  the  chemistry  of  muscle  is  chiefly  derived  from  the  investi- 
gations of  Kuhne  on  the  muscles  of  frogs.  Halliburton  has  made  many  re- 
cent additions  to  our  knowledge  in  regard  to  the  muscles  of  the  warm 
blooded  animals  by  experiments  in  connection  with  horse  and  rabbit  mus- 
cles. He  obtained  plasma  from  the  muscle  of  the  rabbit  by  washing  out 
the  blood  from  the  vessels  by  a .6  percent  solution  of  NaCl  at  5 degrees  C. 
and  placing  the  muscle  in  a freezing  mixture  of  ice  and  salt  at  a temper- 
ature of  12  degrees  below  zero  C and  then  subjecting  muscle  to  pressure. 

As  a result  he  found  a yellow  viscous  fluid  slightly  alkaline  in  reaction 
that  formed  into  a solid  jelly  in  from  one  to  two  hours  at  a temperature  of 
40  degrees  C.  Halliburton  found  that  coagulation  takes  place  in  from  2p 
to  30  minutes  while  the  alkaline  reaction  gives  place  to  an  acid  reaction. 

He  found  that  a solution  of  neutral  salts  prevented  the  coagulation  ol  the 
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plasma  and  that  the  dilution  of  salted  muscle  plasma  caused  or  induced 
coagulation.  The  plasma  is  not  separated  into  the  coagulum  and  salted 
serum  at  zero  C but  it  occturs  most  freely  at  body  temperature  and  if  a fer- 
ment prepared  for  muscle  as  Schmidt  prepared  his  blood  ferment  is 
added  the  coag-ulation  is  accelerated. 

The  proteids  of  the  muscle  plasma  are  five  in  number  according  to 
Halliburton.  (1)  Pa r a m y os i n oge n which  is  coagulated  by  heat  at  47  de- 
grees C;  (2)  Myo^smo^nTfUimtibo  coagulate  at  56  degrees  C;  (3)  Myoglo- 
bulin  which  differs  from  serum  globulin  in  the  temperature  of  coagulat- 
ion, coagulating  at  63  degrees  C;  (4)  Albumin  the  same  as  serum  albumin 
which  coagulates  at  73  degrees  C;  ( 5 ) Myoalbumose  almost  identical  with 
the  muscle  ferment.  The  first  of  these  forms  the  myosin  coagulum  and 
the  other  three  are  found  in  the  muscle  serum.  The  first  three  belong 
tp  the  globulin  family.  When  the  muscle  becomes  acid  by  the  formation 
of  lactic  acid  as  in  cadaveric  acidity  the  pepsin  it  contains  begins  to  act 
and  at  the  temperature  of  35  to  40  degrees  albumoses  and  peptones  arise. 
Halliburton  supposed  that  the  passing-  away  of  the  rigor  mortis  which 
arises  from  the  conversion  of  myosin  into  myosinogen  again  may  repre- 
sent the  initial  stag-e  in  this  digestive  process.  In  regard  to  the  muscle 
ferment  which  has  been  much  discussed  Halliburton  concludes  (a)  That 
proteids  are  coagulated  by  preserving  muscle  in  alcohol  for  several  months. 
From  this  alcohol  precipitate  distilled  water  will  extract  an  albumose  pro- 
teid.  (b)  This  albumose  presents  the  characteristics  of  a ferment  since 
it will  coagulate  muscle  plasma.  (c)  This  muscle  ferment  does  not  ac- 
celerate the “coagulation  of  blood  plasma  neither  does  the  fibrin  fer- 
ment accelerate  the  coagulation  of  muscle  plasma  so  that  these 
do  not  represent  the  same  ferment.  ' (d)  That  fluid 
pressed  out  from  the  muscle  accelerates  very  decidedly 
coagulation  in  the  salted  muscle  plasma.  This  arises  from  the 
presence  not  of  fibrin  but  myosinogen  which  coagulates  thermal- 
ly at75  to  80  degrees  C.  (e)  The  fibrin  ferment  losses  its  coagulative 
properties  from  75  to  80  degrees  C whereas  the  myosin  ferment  does  not 
lose  its  fermentive  capacity  till  100  degrees  C. 

(2)  The  physical  properties  of  muscle.  Associated  with  the  muscle 
are  certain  physical  properties  which  must  be  considered  before  coming 
to  the  consideration  of  the  muscular  phenomena.  (a)  Consistence  or 
firm nes^,  In  relaxation  a muscle  is  soft,  in  a contracted  condition  it  is 
hard  and  firm.  Inside  the  sarcolemma  we  find  a soft  substance  which 
after  the  rigor  mortis  condition  comes  on  becomes  hard  and  solid.  In 
the  living  condition  of  the  muscle  this  is  in  a semi-fluid  state.  It  is  not 
fluid  so  that  it  will  flow  like  liquid  nor  is  it  solid  so  that  it  can  be  distinctly 
separated  in  all  its  parts.  By  the  use  of  a compressor  this  fluid  may  be 
expressed  from  the  sarcolemma.  In  the  case  of  the  living  muscle  there 
are  found  undulatory  movements  of  this  fluid.  Kuhne  watched  the  move- 
ments of  a parasite  through  this  semi-fluid  matter  in  the  muscle  fibre,  the 
movements  being  free  as  if  floating  in  a viscous  substance.  By  passing  a 
current  af  electricity  from  end  to  end  of  the  fibre  it  is  found  that  there 
are  flowing  currents  passing  through  the  muscle  so  that  the  internal 
structure  of  the  muscle  fibre  must  be  semi-fluid,  (b)  Cohesion.  Cohesion 
represents  a physical  force  that  unites  two  molecules  of  the  same  nature, 
tor  example,  two  molecules  of  water.  Cohesion  is  strongest  in  solids, 
less  strong  in  liquids.  The  cohesive  intensity  decreases  as  the  temper- 
aUiic  increases  on  account  of  the  increase  bv  the  heat  of  a repulsive  force 
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or  resistance, 
nective  tissue. 


In  ^muscle  tissue  the  cohesion  is  less  strong  than  in  con- 
Weber  estimates  that  a square  centimeter  of  muscle 
from  a frog-  will  bear  one  kilogram  in  weig-ht  without  any  interference 
with  cohesion.  When  muscle  irritability  is. lost  cohesion  is  diminished. 
Iti  the  living. .musclc-lherefore  cohesion  represents  the  uniting  force  in 
virtue. of.  which  form  is  preserved  ag'ainst  heat  from  liquefaction  and  dis- 
solution. (c)  .Extensibility  and  elasticity.  These  represent  the  plvv.-ficaX 
propei  ties  in  virtue  pf  which  a substance  or  resume  its  or- 

iginal torm  when  after  having-  been  su elected  to  pressure^ or  toLdllnThe 
force  which  altered  its  form  is  withdrawn.  Hsextfiftsi  bITityrefers  to 
the  capacity  to  yield  under  pressure  to  elong-ation,  and  elasticity  is  the 
property  of  resuming-  its  original  position.  During-  rest  the  living  mus- 
cle has  only  a small  elasticity  although  it  is  perfect.  Liquids  have  elas- 
ticity in  volume,  solids  both  in  volume  and  form.  When  subjected  to 
pressure  it  will  elongate  and  return  on  removal  of  pressure  to  its  former 
eng-th.  Muscle  elongations  are  not  in  proportion  to  the  weights  that 
produce  stretching,  the  amount  of  stretching  diminishing  with  the  in- 
crease of  the  weight.  For  this  reason  the  curve  of  muscular  exten- 
sion is  a hyperbola  and  not  a straight  line.  In  order  to  get  the  curve  we 
mark  out  in  abscissae  the  unit  weights  drawing  the  ordinates  to  form  the 
amount  of  extensibility.  If  these  points  are  joined  a curve  will  be  found 
of  the  nature  of  a hyperbola.  This  means  that  the  elasticity  of  the  mus- 
cle increases  with  the  stretching  of  the  muscle.  There  is  however  a 
limit  to  this  extensibility,  because  as  Marey  points  ouT,  if  the  gastroc- 
nemius  muscle  of  a frog  is  stretched  with  a weight  of  100  grams  it  will 
not  return  to  its  original  form.  The  extensibility  of  a body  is  estimated 
by  the  ratio  of  length  increase  resulting  from  the  unit  stretching  force 
per  unit  of  area  in  the  cross  section  to  the  original  length  of  the  body. 
We  find  that  living  muscle  is  very  extensible,  the  extensibility  lessening 
gradually  as  the  lengthening,  so'that  to  increase  the  stretching  force  les- 
sens the  extension.  This  large  extensibility  and  elasticity  of  muscle  are 
very  important  in  connection  with  the  blood  vessel  changes  and  in  dim- 
inishing the  shock  to  the  heart  and  the  vascular  system.  Weber  points 
out  that  when  contracted  a muscle  has  a lessened  elasticity.  He  tetan- 
ized  the  hypoglossal  muscle  of  a frog  fixed  at  one  end  and  weighted  at  the 
other.  He  contrasted  the  elongation  during  contraction  and  that  during 
rest  in  the  muscle.  In  the  case  of  the  contracted  muscle  he  found  a 
greater  elongation  than  with  the  resting  muscle  using  the  same  force. 
He  saw  in  addition  that  if  a muscle  resting  is  heavily  weighted  and  then 
irritated  it  becomes  longer  and  not  shorter,  in  other  words  the  contrac- 
tion does  not  take  place,  the  lessening  of  the  elasticity  being  more  than 
sufficient  to  counterbalance  this  shortening  in  contraction.  Wundt  and 
Volkmann  contradict  these  results  claiming  that  the  lessening  of  muscu- 
lar elasticity  does  not  depend  upon  activity  as  distinguished  from  rest 
but  only  upon  the  muscle  shortening,  hence  he  concludes  that  muscle  el- 
asticity is  practically  the  same  in  rest  and  during  activity.  Donders 
found  in  connection  with  the  flexor  muscle  of  the  human  forearm  that 
when  it  has  been  stretched  by  a heavy  weight  and  when  the  weight 
is  taken  away  the  return  to  the  normal  length  does  not  take  place  for  a 
Considrable  time,  sometimes  for  days  or  weeks.  This  has  been  called 
the  elastic  after  effect.  Muscle  elongation  therefore  depends  upon  the 
weight  in  normal  cases  less  than  fatigue;  the  elastic  degree  or  the  amount 
of  elasticity  is  about  the  same  for  different  degrees  of  contraction  within 
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normal  limits;  beyond  these  limits  amounting-  to  fatig-ue  or  over  exertion 
the  elasticity  is  diminished  or  destroyed. 

Marey  concludes  that  elasticity  assists  in  the  economy  of  muscular  ex- 
ertion because  the  weak  muscle  elasticity  does  not  strongly  resist  g-reat 
force  so  that  when  the  force  is  withdrawn  the  muscle  returns  to  its  nor- 
mal without  any  loss  of  force.  During-  life  the  muscles  are  normally  in 
an  extensible  condition  between  the  attachments  of  bone,  tendon  and  lig- 
ament  so  that  they  are  always  in  a state  of  tension  or  tonicity.  This  de- 
pends on  the  contraction  arising-  from  opposing-  muscles  or  even  from  the 
skeletal  attachments!  When  a muscle  is  cut  across  or  even  its  attach- 
ment is  severed  it  contracts.  The  normal  tone  favors  the  production  of 
muscular  energ-y,  because  the  muscle  tone  is  favorable  to  activity  so  that 
as  soon  as  contraction  sets  in  mechanical  exertion  begins.  It  is  claimed 
that  this  muscle  tone  depends  on  the  nervous  system.  By  dividing-  the 
spinal  cord  below  the  medulla  and  then  dividing-  the  nerves  to  the  leg-  on. 
one  side,  the  muscles  in  the  leg-  on  the  same  side  become  soft  and  loose 
and  the  leg-  is  elongated  beyond  its  normal  leng-th.  This  indicates  that 
the  spinal  cord  furnishes  the  innervation  to  the  muscles.  Heidenhain 
claims  however  that  in  the  case  of  a muscle  when  the  nerve  connection  is 
cut  off  it  does  not  become  longer.  There  is  here  however  mechanical  in- 
jury so  that  probably  the  innervation  and  blood  circulation  form  neces- 
sary elements  in  the  muscular  tone  of  all  the  muscles.  Evidently  then  the 
muscle  is  both  extensible  and  elastic,  being  capable  of  yielding  under  the 
influence  of  weight  and  also  of  returning  to  its  original  dimensions  when 
the  pressure  is  taken  away.  Extensibility  and  elasticity  are  very  val- 
uable in  the  human  body  on  account  of  their  value  in  modifying  the  effect 
of  rapid  muscle  contractions  causing  the  contraction  to  take  place  more 
slowly  and  so  preventing  a rupture  in  the  tissue  as  well  as  preventing 
sudden  changes. 

(3)  Histological  properties.  We  have  seen  that  there  are  two  classes 
of  muscle,  the  skeletal  and  the  muscles  found  in  connection  with  the  blood 
vessel  walls  and  the  visceral  organs.  Between  these  two  we  find  the  car- 
diac muscle  that  is  intermediate  between  the  two.  The  striated  muscle 
is  sometimes  distinguished  into  pale  and  red,  the  former  being  more  per- 
fectly organized,  striation  being  more  complete  and  the  nuclei  less 
numerous.  The  structure  of  the  striped  muscle  is  the  subject  of  much 
controversy.  All  agree  that  the  sarcolemma  contains  contractile  and  non- 
contractile  fluid  elements.  In  connection  with  the  muscle  it  is  found  bv 
examination  under  the  microscope  that  when  contraction  takes  place  re- 
sulting in  the  shortening  and  thickening  of  the  muscle  fibre  the  cross 
striae  approximate  more  closely  to  each  other,  the  dark  and  broad  stripe 
of  the  muscle  in  rest  changing  to  the  narrow  light  stripe  of  the  active 
muscle.  The  contractile  substance  is  anisotropous  while  the  non-con- 
tractile  is  isotropous,  the  former  causing  a double  refraction  of  light  and 
the  latter  a single  refraction.  By  examining  the  muscle  fibre  in  connec- 
tion with  the  polarization  microscope  the  double  refraction  appears  to  be 
light  in  a dark  field.  When  the  fibre  contracts  the  contractile  portion  of 
the  fibre  is  narrower  and  broader.  Bruck  concludes  that  the  contractile 
elements  are  not  simple  but  consist  of  a large  number  of  minute  doublv 
refractive  elements  found  arranged  in  series,  these  changing  their  posi- 
lon  and  form  during  contraction.  These  minute  elements  he  called  dis- 
diaclasts.  Wadler  says  that  the  dark  stripe  of  an  uncontracted  muscle 
fibre  and  the  light  stripe  of  a contracted  fibre  are  both  doublv  refracting 
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becoming-  a light  band  in  a dark  field.  This  however  is  true  only  of  mus- 
cle  when  dead  and  partially  contracted  in  connection  with  osmic  acid. 
I he  interstitial  elements  are  loose  the  sarcolemma  being-  elastic  invintr  to 
the  muscle  its  retractile  power  after  being-  extended. 


SECT! i ON  II.  Apparati  and  Modes  of  Exciting  Muscle 

and  Nerve. 

In  the  study  of  muscle  and  nerve  phenomena  stimulation  requires  to 
be  applied  to  the  muscle  or  nerve.  The  most  suitable  and  effective  stim- 
ulus is  that  of  electricity.  Electricity  may  be  applied  in  different  wavs 
hence  we  require  to  discuss  the  modes  of  application  before  making-  the 
practical  application  in  connection  with  the  muscle  and  nerve.  An  elec- 
trified body  charged  with  electificity  is  said  to  possess  a certain  electrical 
potential.  If  we  immerse  a plate  of  zinc  or  copper  in  a sulphuric  acid 
solution  the  metal  and  the  liquid  have  different  electrical  potentials.  If 
zinc  and  copper  are  both  immersed  there  is  a difference  in  potential  be- 
tween the  zinc  and  copper.  If  the  two  plates  are  united  externallv  bv  a 
copper  wire  there  will  be  a difference  in  potential  between  the  zinc  and 
liquid,  the  liquid  and  the  copper,  the  copper  and  zinc.  When  we  sum 
these  differences  we  find  that  they  are  not  zero  and  hence  as  the  electric 
current  flows  from  a higher  to  a lower  potential  an  electric  current  flows 
from  the  zinc  to  the  copper  through  the  liquid  and  from  the  copper  to  the 
zinc  on  the  external  wire.  As  the  current  passes  from  the  zinc  to  the 
copper  through  the  liquid  decomposition  takes  place  in  the  liquid  so  that 
the  current  is  kept  flowing,  the  chemical  action  producing  the  necessarv 
energy  to  keep  up  the  flow.  Chemical  action  produces  sulphate  of  zinc 
in  connection  with  the  zinc  and  liberates  H from  the  sulphuric  acid  the  H 
liberation  taking  place  at  the  copper  end.  This  represents  an  element, 
the  metals  being  plates,  the  liquid  electrolyte  and  the  positive  and  the  neg- 
ative poles  being  at  the  copper  and  zinc  respectively  in  connection  with 
which  we  find  the  electrodes.  The  sum  of  the  differences  of  potential 
represents  the  cell  potential  or  when  the  circuit  is  completed  bv  closing 
the  external  wire  it  is  called  the  electromotive  force  or  the  force  which 
produces  the  current  flow.  I.t  represents  the  difference  of  potential  in 
the  case  of  the  plates  when  no  current  is  flowing.  When,  however,  the 
circuit  is  closed  and  the  current  is  flowing  there  is  an  electrical  resistance 
in  connection  with  the  liquid  and  the  solid  elements.  The  wire  qpposes 
the  electric  current  and  this  is  called  electrical  resistance.  Hence  to 
overcome  this  resistance  a greater  electromotive  force  is  necessarv  the 
current  being  stronger  in  the  thick  than  in  the  thin  wire.  Hence  Ohm’s 
law  represents  the  relation  of  current,  electromotive  force  and  resistance, 
C=er.  The  resistance  of  a conductor  is  directly  proportional  to  its 
length  and  inversely  proportional  to  its  cross-sectional  area.  When  these 
elements  are  formed  singly  and  then  combined  together  we  have  a bat- 
tery. Serial  union  of  cells  takes  place  when  the  positive  of  one  cell  is 
united  with  the  negative  of  the  2nd  cell  and  so  on.  This  represents  ten- 
sion. Superficial  union  takes  place  when  all  the  positive  and  all  the  neg- 
ative are  united  together.  The  electromotive  force  depends  on  the  chem- 
ical changes  and  also  on  the  temperature  of  the  changes  so  that  in  a bat- 
tery there  is  an  internal  as  well  as  an  external  resistance,  so  that  the  in- 
crease of  resistance  weakens  the  force  of  the  current.  Sometimes  the 
cell  becomes  ploralized,  for  example  by  the  accumulation  of  H at  the  pos- 
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itive  pole.  This  increases  the  resistance  and  produces  a new  force  that 
also  lessens  the  electromotive  force  of  the  current.  Where  a battery  is 
formed  it  is  better  to  arrange  the  cells  in  groups,  two  of  ten  cells  or  three 
of  15  cells  so  that  the  resulting-  battery  consists  of  two  or  three  batteries, 
joined  together  in  groups  of  ten  or  15  cells  parallel  to  each  other,  the 
terminal  zinc  and  copper  in  the  one  being  joined  to  the  terminal  zinc  and 
copper  respectively  in  the  other. 

The  system  of  measurements  used  in  connection  with  these  experi- 
ments is  the  metrical  system.  The  electro-magnetic  unites  are  used  in 
connection  with  the  forces  exerted  between  two  poles.  The  unit  quan- 
tity  of  magnetism  is  the  quantity  of  magnetism  which  when  at  a distance 
of  one  cm.  from  an  equal  quantity  of  magnetism  will  repel  it  with  a dyne 
force,  which  is  the  force  acting  on  a gram  for  a second  producing  a veloc- 
ity of  one  cm.  per  second.  The  unit  magnetic  field  represents  the  field 
resulting  from  a unit  quantity  of  magnetism  at  a distance  of  one  cm.  A 
unit  current  of  electricity  represents  such  a current  as  when  it  flows 
around  a circuit  of  one  cm.  radius  produces  a magnetic  field  of  as  many 
units  in  intensity  as  there  are  cms.  in  the  length  of  the  circumference  of 
the  circuit.  The  unit  quantity  of  electricity  is  the  amount  conveyed  by 
the  unit  current  in  a second  of  time.  The  unit  e.  m.  f.  is  that  produced 
in  connection  with  a closed  circuit  when  one  cm.  of  the  conductor  is  held 
at  right  angles  to  the  directionofthemagneticforceinthemagneticfieldand 
moved  uniformly  at  a velocity  of  one  cm.  per  second  atright  anglestoits  own 
length  and  the  direction  of  the  magnetic  force.  Unit  resistence  represents 
theresistance  which  whenactedon  byaunit  e.  m.  f.  admits  of  the  passageofa 
unit  current.  The  unit  of  current  is  the  ampere,  the  unit  of  e.  m.'f.  the 
volt,  the  unit  of  resistance  theohm.  The  ampere  represents  approximate- 
ly the  current  that  passes  in  a Daniel  cell  through  an  ohm,  the  volt  approx- 
imately represents  the  e.  m.  f.  of  a Daniel  cell  and  the  ohm  the  resistance 
of  a column  ef  mercury  one  mm.  sq.  and  1,050  mm.  long  at  O degrees  C. 
Among  the  voltaic  elements  the  Daniel  cell  is  the  most  common.  It  con- 
sists of  a glass  jar  containing  a solution  of  sulphuric  acid  diluted  in  the 
proportion  of  one  to  seven;  within  this  is  placed  a cylinder  of  zinc  inside  of 
which  is  a porous  earthenware  jar  containing  a copper  roll  immersed  in 
a solution  of  copper  sulphate.  By  the  action  of  the  sulphuric  acid  sul- 
phate of  zinc  is  formed  and  H is  liberated.  The  H passes  through  the 
porous  vessel  and  reduces  part  of  the  sulphate  of  copper  depositing  cop- 
per on  the  copper  roll,  the  sulphuric  acid  passing  to  the  acid  solution  in 
the  outer  jar  compensating  for  the  loss  of  acid  in  connection  with  the  for- 
mation of  sulphate  of  zinc.  In  this  way  a continuous  current  is  kept  up 
so  long  as  the  crystals  of  copper  sulphate  are  kept  in  the  interior  com- 
partment and  while  thezinc  lasts.  The  e.  m.  f.  of  this  element  is  1.072volts 
J he  positive  electrode  is  in  connection  with  the  copper  and  the  negative 
in  connection  with  the  zinc.  The  Bunsen  element  substitutes  a carbon 
block  for  the  copper  and  it  is  placed  in  a strong  nitric  acid  solution.  The 
positive  electrode  is  in  connection  with  the  carbon  and  the  negative  in  con- 
nectum  with  zinc.  The  nitric  acid  absorbs  the  H liberated  in  connection 
with  the  sulphuric  acid  and  zinc  thus  preventing  polarization.  Thee.  m. 

1.  is  1.9  volts.  In  the  Grove’s  element  platinum  is  substituted  for  C,  the 
e.  m.  f.  being  l.%  volts.  In  connection  with  a dynamo  all  of  these 
elements  may  be  dispensed  with  by  the  use  of  an  accumulator  for  storage 
purposes.  • 

In  connection  with  the  principle  of  induction  we  find  the  important 
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principle  discovered  by  Faraday  that  when  a current  passes  along- a closed 
cu  curt  a cun  ent  may  pass  to  a contiguous  coil  through  induction.  In 
the  induction  coil  we  have  a primary  and  a secondary  current,  the  pri- 
mary current  representing  the  inducing  current  and  thesecondary  the  in- 
duced current.  The  law  of  Lenz  in  regard  to  the  currents  is  that  the  di- 
rection of  the  induced  current  is  always  in  a direction  tending  to  oppose 
the  change  in  the  primary  current.  The  primary  current  is  formed  bv  a 
considerable  length  of  wire  wound  around  a bobbin,  the  wire  being  insu- 
lated by  the  use  of  silk- or  cotton  and  the  turns  being  varnished.  The 
two  ends  of  the  wire  are  united  by  brass-screws  to  which  the  wires  from 
the  cell  can  be  attached;  when  attached  the  current  will  pass  around  the 
coil.  The  .secondary  coil  is  similarly  formed  out  of  thinner  wire  and  the 
wire  must  be  very  much  longer  as  the  induced  current  intensity  depends 
on  the  number  of  turns  in  the  coil  and  the  fineness  of  the  wire.  The  ends 
of  the  wire  are  connected  to  a brass  screw  to  which  the  wires  can  be  at- 
tached so  as  to  lead  off  the  induced  currents,  for  example  to  a galvan- 
ometer. The.  coils  are  so- arranged  that  the  primary  can  be  slipped 
out  or  in  to  the  interior  of  the  hollow  secondary  coil.  This  is  called  the 
induction  coil.  The  secondary  current  induced  in  connection  with  the 
secondary  coil  when  opened  is  in  the  same  direction  as  the  primary,  while 
when  closed  it  is  in  the  opposite  direction,  so  that  at  each  opening  and' 
closing  of  the  primary  current  the  secondary  current  is  reversed,  the 
opening  shock  being  stronger  than  the  closing  one.  In  the  primary  coil 
there  are  usually  .432  coils  with  a resistance  of  1.27  ohms  and  the  secon- 
dary-14,680  with  a resistance  of  1,362  ohms  at  16  degrees-  C.'  When  the 
secondary  coil  is  placed  on  a ratory  disc  so  that  it  can  be  placed  with  its 
axis  at  an  angle  in  connection  with  the  primary  coil  the  strength  of  the 
secondary  current  can  be  modified  on  the  basis  of  deviation  which  is 
marked  on  the  graduated  arc. 

In  order  to  open  and  close  a current  keys  are  used.  A key  consists 
of  a rectangular  wooden  frame  for  screwing  to  the  table  on  the  upper  sur- 
face of  which  is  a vulcanite  block  with  two  rectangular  brass  bars  united 
by-means  of  a handle.  When  this  handle  ds  horizontal  the  key  is  closed, 
when- -the  arm  is  raised  the  key  is  oepn.  The  wires  are  attached  to  the 
rectangular  bars  so  that  if  the-  pos-tive  and  negative  electrodes  are  con- 
cected  with  the  two  bars  when  the  key  is  closed  the  current  will  be  placed 
in  a short  circuit  and  when  the  key  is  open  the  current  will  pass  on  unin- 
terrupted. For  the  reversing  of  a current,  the  commutator  is  commonly 
used.  It  is  a wooden  disc  with  six  small  depressions  at  regular  intervals 
to  each  of  which  is  attached  a binding-  screw.  In  the  two  central 
holes  two  wires  are  attached  at  the  outer  ends  to  the  ends  of 
the  binding  screws -so  that  these  wires  can  move  freely  from  side  to  side. 
These  wires  are  connected  above  to  a piece  of  vulcanite  the  interior  ends 
not  meeting  so  that  a bridge  is  formed.  If  a current  enters  the  end  of 
the  bridge  by  the  positive  side  it  could  not  pass  to  the  binding  screw  hav- 
ing a negative  attachment  on  the  opposite  side.  Two  curved  wires  are  at- 
tached to  the  ends  of  the  bridge  so  as  to  fit  into  the  depressions  on 
either  side  of  the  bridge;  so  that  as  the  bridge  is  moved  the  ends  of  these 
cross  wires  can  dip  into  opposite  depressions.  These  cross  wires  are 
used  to  reverse  the  direction  of  the  current.  In  connection  with  the  mus- 
cle and  nervey -various  apparati  are  made  use  of  to  stretch  the  muscle  and 
nerve  and  provide  for  the  stimulation  of  the  muscle  and  nerve  as  in  the 
muscle  telegraph. 
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Muscular  and  nervous  changes  are  too  rapid  to  be  followed  by  the 
eye,  for  example,  the  heart  motion  when  the  heart  is  exposed  in  the  case 
of  a living  frog  can  not  be  studied  with  the  eye  nor  can  the  movements  be 
followed  out  with  sufficient  accuracy  to  permit  of  being  measured,  so  that 
appliances  have  been  invented  in  the  form  of  the  drum  or  revolving  kym- 
ograph which  permit  of  the  recording  of  these  movements  and  variations 
on  a blackened  surface.  This  is  the  graphic  method  of  the  registration 
of  movements  and  variations  recorded  on  a blackened  surface.  As  many 
of  the  phenomena  associated  with  muscular  and  nervous  actions  are  of 
such  short  duration  it  is  impossible  to  observe  them  with  the  unaided  vision, 
hence  minute  apparati  have  been  invented  for  the  purpose  of  measuring 
short  intervals  of  time.  Among  these  we  find  the  recording  cylinder 
which  revolves  at  a uniform  rate  by  clock-work.  If  the  cylinder  surface 
is  divided  into  60  lines,  parallel  with  the  axis  and  at  equal  distances  from 
each  other,  if  the  cylinder  makes  one  revolution  in  one  second  the  distance 
between  two  lines  will  represent  one-sixtieth  part  of  a second  and  what- 
ever is  recorded  on  the  cylinder  between  those  two  must  have  taken  one 
second.  The  cylinder  has  been  graduated  to  measure  the  one-thousandth 
part  of  a second,  the  difficulty  of  causing  the  cylinder  to  revolve  uniform- 
ly being  got  over  by  the  use  of  regulators.  In  order  to  utilize  the  revol- 
ving cylinder  a chronograph  is  necessary.  Young  invented  this  method 
of  marking  on  a revolving  cylinder  the  vibrations  of  a rofl  carrying  a 
minute  marker.  If  these  vibrations  are  uniform  the  undulations  marked 
on  the  cylinder  will  correspond  with  regular  intervals  of  time.  The  vi- 
brations of  a tuning  fork  may  be  marked  out  in  this  way  by  attaching  to 
one  of  the  limbs  of  the  fork  a marker  so  that  when  the  surface  that  re- 
ceives the  tracing  revolves  with  sufficient  rapidity  periods  of  one  five- 
hundredth  part  of  a second  may  be  easily  repesentde.  In  order  to  record 
the  vibrations  accurately  a marker  is  devised  vibrating  in  harmony  with  a 
tuning  fork  which  is  kept  in  activity  by  electric  currents  so  that  the  ap- 
paratus consists  of  a battery,  an  interrupting  tuning  fork  and  thechron- 
ograph.  The  tuning  fork  interrupts  the  current  from  the  battery  auto- 
matically. As  the  metal  of  the  electro-magnet  between  the  tuning  fork 
limbs  becomes  magnetized  the  limbs  come  closer  together  and  a small 
piece  of  platinum  wire  attached  to  one  of  them  is  removed  from  contact 
with  a platinum  surface,  thus  breaking  the  circuit.  When  the  circuit  is 
broken  the  electrical  magnet  ceases  to  act,  the  tuning  fork  limbs  separat- 
ing from  each  other,  bringing  the  platinum  wire  into  contact  with  the 
platinum  surface  and  thus  closing  the  circuit  again.  In  this  way  the 
chronograph  vibrates  in  harmony  with  the  tuning  fork  giving  accuratelv 
the  results  and  being  capable  of  very  casv  adjustment. 

Sometimes  it  is  important  to  find  out  the  period  of  the  beginning  or 
ending  of  a phenomenon,  this  is  done  by  the  use  of  an  electro-magnetic  ap- 
paratus. It  consists  of  two  electro-magnetic  bobbins  which,  as  soon  as  the 
current  passes,  attract  a plate  of  steel  placed  over  them  and  pull  down 
the  recording  marker  and  thus  form  a low  horizontal  line.  By  interrupt- 
ing the  current  the  lever  is  elevated  by  a spiral  spring  which  marks  an 
upper  horizontal  line  until  the  closing  of  the  current.  The  opening  or 
closing  of  the  current  takes  place  either  by  the  use  of  a metronome  or  a 
tuning  fork  or  bv  the  seconds  pendulum  of  a clock.  By  this  arrangement 
the  time  of  the  beginning  and  ending  of  any  phenomena  may  be  register- 
ed. By  attaching  a lever  to  the  moving  structure  as  close  to  the  fulcrum 
as  possible  and  placing  the  other  end  of  the  lever  in  contact  with  the  reg- 
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istering  surface  movements  may  be  recorded.  In  recording  muscular 
movements  the  myograph  is  a convenient  instrument.  The  best  sim- 
ple form  is  the  spring  myograph  of  DuBois  Raymond.  It  consists  of  a 
1 ectangular  plate  of  glass  moving  in  a horizontal  direction  along  through 
delicate  steel  wires.  Its  horizontal  movement  is  accomplished  by  a recoil- 
\\n  spnn? '.which  is  subject  to  check  by  an  apparatus  at  the  other  end. 
\ hen  applied  in  this  way  the  muscular  contraction  will  give  a curve.  If 
the  rod  that  carries  the  steel  spring  is  removed  the  glass  plate  mav  be 
mo\  ed  in  front  of  the  marker  by  a long  screw  attachment  to  the  plate  by 
means  ot  a handle  a little  below.  Marev  makes  use  of  the  double  mv- 
ogiaph  which  differs  from  the  other  in  having  a second  lever  so  that,  for 
example,  the  two  gastrocnemei  muscles  of  a frog  mav  be  attached  each  to 
a lever.  1 he  two  levers  are  placed  over  one  another  so  that  two  tracings  are 
gnen.  In  this  way  it  is  possible  to  study  the  contractions  that  are  given 
by  two  muscles,  the  one  in  a normal  condition  the  other  in  an  abnormal 
condition.  Marey’s  method  is  of  advantage  because  it  registers  the  trac- 
ing of  muscle  contraction  so  as  to  indicate  accurately  the  different  periods 
and  changes  in  the  movements. 

One  of  the  main  difficulties  in  recording  animal  movements  it  that  of 
attaching  immediately  to  the  body  a marker  that  may  be  used  for  inscrib- 
ing the  different  phases  of  the  movements  and  variations  on  a recording 
sui  face.  In  order  to  get  over  this  difficulty  instruments  have  been  in- 
vented for  the  transmission  of  movements  to  a distance  from  the  body 
before  being  recorded.  These  instruments  are  called  Marey’s  tambours 
or  drums  which  are  united  by  tubes  that  contain  air.  This  tambour  con- 
sists of  a hollow  metal  case,  the  upper  surface  of  which  is  covered  by  a 
delicate  membiane  which  supports  the  writing  lever.  Two  tambours 
each  with  a short  metallic  tube  communicating  with  the  interior  may  be 
united  together  by  connecting  them  with  an  india  rubber  tube  from  the 
one  metal  tube  to  the  other.  When  the  membrane  in  the  first  tambour  is 
thrown  down  part  of  the  air  in  it  is  driven  out  passing  through  the  india 
rubber  tube  into  the  second  tambour  the  membrane  of  which  is  raised, 
the  motion  being  passed  to  the  lever  and  recorded  on  the  kymograph. 
The  first  tambour  is  called  the  receiving  and  the  second  the  recording 
tambour.  The  movements  of  the  recording  tambour  are  in  opposite  di- 
rections as  the  movement  of  the  one  is  drawn  down  the  other  is  forced  up. 
If  it  is  desired  to  get  the  lever  movements  in  the  same  direction  one  of  the 
tambours  requires  to  be  reversed.  The  special  value  of  this  mode  of 
transmitting  movements  is  that  it  is  possible  to  record  on  the  same  sur- 
face a number  of  movements  taking  place  in  different  ways  so  that  we 
can  have  the  means  of  comparing  the  resulting  curves  side  bv  side. 
Marey  has  used  this  method  of  transmission  in  studying  the  phenomena 
of  muscular  contraction.  By  making  the  contracting  muscle  act  on  a 
tambour  this  movement  may  be  carried  to  a distance  to  another  tambour 
which  will  record  it  on  the  drum.  By  the  use  of  these  tambours  muscle 
may  be  subjected  to  different  temperatures  or  to  the  influence  of  various 
gases  without  in  any  way  interfering-  with  the  recording  of  the  move- 
ments. These  tambours  are  very  sensitive,  for  example,  they  can  re- 
cord with  accuracy  the  delicate  vibrations  of  a tuning  fork.  It  is  for  this 
reason  that  the  tambour  is  so  commonly  used  in  physiological  experiments 
because  of  the  accuracy  in  transmitting  and  recording  movements  and 
variations. 

In  order  to  the  exact  and  careful  study  of  electric  excitability  the  unpol- 


APPARATI  AND  MODES  OK  EXCITING  MUSCLE  AND  NERVE. 


436 

arizable  electrodes  must  be  used.  In  their  preparation  an  amalgamated 
zinc  rod  is  dipped  into  a sulphate  of  zinc  solution  diluted  communicating- 
with  a clay  plug-  made  into  a paste  with  a solution  of  NaCl.  All  of  these 
are  dipped  into  a g-lass  holder.  Its  use  is  of  value  because  it  is  not  pol- 
arizable in  connection  with  weak  currents  and  does  not  itself  produce  any 
e.  m.  f.,  having  high  resistance  and  being  capable  of  application  in  con- 
nection with  the  living  body  tissue  without  any  injury.  The  D’Arsonal 
unpolarizable  electrode  consists  of  a silver  rod  coated  with  fused  silver 
chloride  dipped  into  a glass  dish  containing  a saline  solution.  In  con- 
nection with  the  application  of  electric  stimulation  it  is  important  to  have 
the  stimuli  regulated  when  used  in  a series  of  stimuli.  This  is  done  in 
connection  with  the  rheotome  by  means  of  which  a series  of  stimuli  can 
be  brought  in  and  led  away  to  a galvanometer.  This  is  accomplished 
by  a revolving  bar  with  two  contacts  one  in  the  primary  circuit  and  the 
other  in  the  galvanometer  circuit.  If  the  bar  revolves  once  in  a second 
and  finishes  the  galvanometer  circuit  in  connection  with  a pair  of  metals 
one-hundredth  part  of  the  circuit,  the  circuit  is  closed  each  second  for 
one-hundredth  of  a second.  The  circle  that  carries  the  primary  contact 
revolves  around  the  circuit  carrying  the  galvanometer  contact,  the  two  can 
be  set  so  as  to  be  simultaneous  or  so  as  to  place  the  galvanometer  contact 
one-hundredth  or  two-hundredth  part  of  a second  later  than  the  other 
or  the  revolutions  can  be  regulated  at  any  rate. 

Mode  of  Excitation. — Stimulation  may  be  imparted  to  muscle  in  ad- 
dition to  the  normal  stimulation  of  muscle  by  nerve — Chemically.  Many 
chemical  agents  produce  contraction  by  influencing  the  chemical  muscle 
composition  or  that  of  the  nerve  which  supplies  it.  Among  these  we  find 
the  stable  alkalies,  mineral  acids,  acetic  and  lactic  acid,  alcohol,  ether,  the 
neutral  alkaline  salts  such  as  NaCl  and  Sulphates  and  carbonates  of  the 
alkalies,  metallic  salts  such  as  iron,  lead,  zinc,  copper  and  silver  salts  and 
some  concentrated  solutions  of  urea,  glycerine,  and  sugar.  Weak  sol- 
utions of  these  excite  the  contraction  of  the  muscle,  stronger  solutions 
being  required  in  the  case  of  nerve  excitation.  A weak  bile  solution  also 
stimulates  muscle  contraction,  HC1  vapor  produces  single  contractions 
while  chlorine  gas  tetanizes.  Bisulphide  of  carbon  vapor  stimulates  the 
muscles  through  the  nerves,  dilute  solutions  of  caustic  soda  or  potassium 
stimulate  the  nerve  and  then  destroy  it.  Rhythmic  contractile  move- 
ments are  produced  in  the  muscles  by  the  use  of  Biedermann’s  solution 
consisting  of  five  grams  of  NaCl,  2 grams  of  alkaline  phosphate  of  soda 
and  one-half  gram  of  carbonate  of  soda  in  one  and  ^ pints  of  water.  If  a 
frog  is  given  curari  and  then  the  sartorius  muscle  is  taken  and  plunged 
into  this  solution  the  muscle  shows  rhythmic  contractions  almost  identi- 
cal with  the  cardiac  pulsations.  This  has  suggested  a theory  in  regard 
to  rh  ythmic  action  that  the  rhythm  of  the  pulsating  organs  may  be  due  to 
certain  chemical  substances  freely  circulating  through  these  organs.  It 
is  claimed  that  the  chemicals  stimulate  the  muscle  and  the  nerve  extract- 
ing water  out  of  them  as  the  same  contractions  may  be  found  in  connect- 
tion  with  the  exposure  of  a muscle  or  nerve  to  the  air  by  which  it  becomes 
in  When  pure  water  is  injected  into  the  blood  circulation  of  a mus- 
cle the  individual  fibres  are  stimulated  to  activity  producing  fibrillary 
contractions,  exciting  the  blood  directly  and  through  the  blood  exciting 
the  muscle  to  contraction.  All  chemical  substances  that  change  the 
chemical  composition  of  muscle  with  sufficient  rapidity  act  as  stimuli.  Cur- 
ai ' injected  into  a frog  produces  paralysis  of  the  intermuscular  ends  of  the 
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m°tor  fibres  the  miiseks  conbiiumg  excitable.  (2)  Thermal  Stimulat- 
ion.  I he  sudden  change  of  temperature  in  a muscle  either  higher  or 
lower  produces  muscle  contraction,  if  the  temperature  is  gradually  raised 
to  4s  degrees  C the  contractions  become  stronger.  Tetanus  will  be  pro- 
duced if  the  temperature  is  raised  to  60  degrees,  over  this  limit  coagulat- 
ion begins  and  results  in  the  hardening  of  the  muscle.  If  a muscle  of  a 
frog  is  quickly  heated  to  28  degrees  contraction  takes  place  gradually-  and 
increases  slowly;  by  raising  the  temperature  to  30  degrees  the  contraction 
is  more  marked  and  by  raising  the  temperature  to  45  it  reaches  its  max- 
imum. This  rise  in  temperature  produces  heat  rigor.  In  the  case  of  a 
v ai  m blooded  animal  if  the  smooth  muscles  are  warm  they  contract 
while  in  the  cold  blooded  they  become  extended.  By  cooling  the  muscle 
of  a frog  to  zero  C the  muscle  becomes  very  irritable,  especially  to  mech- 
anical stimulation.  Bernard  found  that  where  artificial  cooling  takes 
place  after ^death  the  muscle  continues  irritable.  (3)  Mechanical  Stim- 
ulation. The  effect  of  mechanical  stimulation  depends  on  the  nature 
and  intensity  of  the  stimulus  and  also  the  manner  of  application  as  well  as 
the  suddenness  of  application.  If  compression  is  applied  slowly  to  a 
muscle  no  contraction  generally  follows,  whereas  if  the  pressure  is  ap- 
plied suddenly  and  rapidly  contraction  usually  follows.  If  a muscle  is 
struck  across  the  fibres  perpendicular  to  the  direction  of  the  fibres  with  a 
blunt  instrument^the  whole  muscle  gives  a single  contraction  and  then  re- 
laxes, but  the  part  of  the  muscle  that  receives  the  blow  remains  contract- 
ed for  a time.  This  phenomenon  is  called  by  Schiff  idio-muscular  con- 
traction. It  will  often  follow  such  a stimulus  as  that  produced  by  a blunt 
instrument  when  no  other  stimuli  cause  contractions.  This  results  in  a 
local  contraction  which  may  take  the  form  of  a weal  or  welt.  The  con- 
traction extends  over  the  entire  muscle  at  first  and  when  the  contraction 
disappears  there  is  left  at  the  point  of  concussion  a swelling.  The  mod- 
erate tension  of  a muscle  produces  increased  irritability. 

(4)  Electrical  Stimulation.  Electrical  stimuli  produce  the  great- 
est effect  when  the  current  moves  in  the  same  direction  as  the  muscTe 
fibres.  A single  electrical  shock  if  sufficiently  strong  will  produce  a sin- 
gle muscle  contraction. for. a nnmbpr  of  shocks  in  sinwossion  at  brief  in- 
tervals  will  produce  muscle  spasms  or  .tetanus.  If  the  current  of  a vol- 
taic battery  is  sent  through  a muscle  there  is  no  apparent  contraction  in 
the  muscle  except  when  the  current  is  opened  and  closed  or  when  a sud- 
den increase  or  decrease  of  the  current  takes  place.  By  placing  the  mus- 
cle in  the  electric  circuit  and  opening  and  closing  the  current  a tracing  is 
found  which  is  different  from  that  of  a nerve,  the  relaxation  period  being 
very  much  longer  because  relaxation  takes  place  very  slowly.  During 
the  passage  of  a current  through  a muscle  electrolytic  changes  take  place, 
heat  being  produced  on  account  of  the  resistance  which  the  current  meets 
with  in  passing  through  the  muscle.  By  curarizing  a muscle  and  then 
placing  it  in  an  electric  circuit  when  the  current  is  opened  there  is  star- 
ted a wave  of  contraction  from  the  positive  pole  that  sweeps  over  the  mus- 
cle and  when  the  current  is  closed  another  wave  of  contraction  starts  at 
the  negative  pole.  . If  the  nerves  are  paralyzed  the  muscle  gives  a very 
much  more  free  response  to  the  electric  current  when  it  is  opened  and 
closed,  if  the  voltaic  current  is  used,  muscular  protoplasm  being  more 
free  to  respond  to  the  shocks  produced  in  opening  and  closing  a cur- 
rent, the  nerve  and  neuro-muscular  terminals  not  being  susceptible  to 
such  shocks. 
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In  connection  with  muscle  excitation  heat  production  in  muscle  is  'an 
important  point.  By  the  use  of  the  thermo-electric  needles  passed 
through  the  muscle  in  such  a way  that  the  iron  and  copper  unite  in  the 
muscle  and  the  iron  and  copper  unite  outside  the  muscle,  the  contiguous 
ends  of  the  needle  are  attached  to  wires  in  connection  with  the  galvan- 
ometer.  For  more  delicate  experiments  the  thermo-electric  pile  is  used 
in  which  we  find  two  alternating  junctions  of  bismuth  and  antimony  so 
that  one  junction  is  applied  to  the  body  and  the  other  is  kept  at  a uniform 
temperature.  When  the  one  set  becomes  warmer  than  the  other  electricity 
is  generated  and  this  passes  to  the  galvanometer.  It  is  found  that  when 
muscle  contracts  the  galvanometer  is  deflected  on  account  of  the  current 
of  thermo-electricity.  Heidenhain  has  proved  that  when  a muscle  is 
stimulated  by  the  sudden  excitation  of  its  nerve  there  is  an  increase  of 
heat  in  the  muscle.  According  to  this  the  development  of  heat  in  muscle 
represents  one  of  the  phenomena  of  muscle  activity.  It  depends  upon 
the  muscle  tension,  the  greater  the  elongation  of  the  muscle  when  con- 
traction takes  place  the  more  heat  is  generated;  so  much  so  is  this  the 
case  that  when  a muscle  is  stretched  to  its  utmost  capacity  beyond  con- 
traction the  greatest  amount  of  heat  is  developed,  it  is  on  account  of  this 
that  when  a muscle  is  tetanized,  the  opposing  muscles  being  stretched  to 
the  utmost,  the  muscle  is  warmed  representing  the  high  temperature  of 
tetanus.  Heat  production  in  muscle  also  depends  on  the  amount  of  work 
done.  If  the  muscle  continues  in  a condition  of  contraction  bearing  up  a 
weight  heavy  enough  to  elongate  it  to  its  normal  length  no  work  is  done. 
During  contraction  the  energy  appears  as  motion  but  as  soon  as  the  mus- 
cle is  normal  again  this  motion  ceases.  Thus  when  the  muscle  is  con- 
tracted its  energy  is  in  the  form  of  heat,  during  the  contraction  it  is  both 
heat  and  activity,  thus  the  heat  and  the  work  represent  the  sum  total  of  ener- 
gy liberated  in  the  contraction.  If  a muscle  lifts  a series  of  weights 
gradually  increasing  to  a definite  height  the  heat  production  increases  with 
the  amount  of  work  till  a maximal  point  is  reached,  when  if  the  muscle 
still  lifts  a heavier  weight  the  original  height  will  not  be  attained.  In  this 
case  greater  work  will  be  done  but  less  of  the  energy  will  be  given  up  as 
heat  so  that  the  maximal  point  in  heat  production  is  lower  than  the  max- 
imal point  of  work  performance,  “The  greater  the  heat  the  smaller  the 
work.”  Even  during  relaxation  a muscle  produces  heat  indicating  that 
the  heat  production  is  dependent  on  the  metabolism  of  muscle.  The  heat 
production  therefore  of  a contracting  or  relaxing  muscle  represents  the 
metabolic  changes  in  the  muscle.  The  law  of  the  relation  of  heat  and 
work  is  expressed  as  follows,  the  greater  the  resistance  that  is  opposed 
to  the  contraction  the  greater  will  be  the  amount  of  mechanical  work 
done.  Here  of  course  the  stimulation  is  the  important  element. 

In  connection  with  the  activity  of  muscle  the  metabolic  changes  are 
very  important,  the  nutritive  changes  themselves  representing  verv  im- 
portant stimuli.  When  a muscle  is  at  rest  and  supplied  by  the  normal 
blood  O is  absorbed  and  CO2  given  off,  the  CCD  being-  less  than  can  be  ac- 
counted for  by  the  O used.  A muscle  at  rest  even  when  deprived  of 
circulation  manfests  the  same  interchange  preserving  its  irritability  if 
kept  in  the  air  and  so  provided  with  a free  supply  of  O.  This  implies 
that  in  the  normal  resting  and  living  condition  the  muscle  is  freely  res- 
piring. When  contraction  takes  place  the  interchange  is  increased  so 
that  during  contraction  five  or  six  times  as  much  ()  is  used  up.  Hence 
the  venous  blood  as  it  flows  from  an  active  muscle  is  very  rich  in  C()2.  In 
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the  case  of  muscle  tetanus  a greater  amount  of  CO,  is  produced  than  can 

the  ° SUppl>’’ the  0 supply  taking  place  in  connection 
nVn  n i ibllned-°  ^ c?nnfctlon  with  tissue  decomposition.  In  an  active 
nuscle  blood  circulation  is  freer,  more  glycogen  being  used  up,  such  sub- 
stances  as  kreaiiu,  urea  and  uric  acid  being  diminished,  water  being  in- 
ci  eased,  the  muscle  becoming  acid  on  account  of  the  presence  of  lactic 

ArInthe+-ph+Siph0r'iC  HCldS’  arisin§r  from  lecithin  decomposition.  When 
m«rieaC  Ti  a-C?  P a°-  accor(?in8' t0  Bernard  the  blood  is  kept  in  the  cap- 
ed  oTA^othr1^6111^  peri^s’  between  contractions  the  blood  ispour- 

contrLTion  hVbpnS’  t1hersmaller  blood  vessels  being  distended  during 
contraction.  The  anabolic  processes  take  place  after  or  between  the  com- 

ti  actrnns,  when  the  muscle  is  contracting  the  katabolism  takes  place  in 
the  forming  of  CO,,  H20,  etc.  In  an  active  muscle  the  blood  vessels  areal- 
nays  distended  indicating  quick  interchange  of  materials.  When  the 
muscle  is  resting  it  is  m a chemically  tonic  condition,  depending  upon  the 
stimulating  effect  of  the  central  nervous  system.  ” * 


E C TI  OI\!  III.  Irritability  of  Muscle  and  Nerve. 

Irritability  represents  one  of  the  properties  of  bioplasm  in  virtue  of 
which  it  undergoes  certain  definite  changes  of  a physical  and  chemical 
natuie  when  subjected  to  stimulation.  It  is  the  capacity  of  responding  to 
a stimnlu s.  In  order  to  have  this  stimulation  there  must  be  first  of  alTali 
excitant  which  represents  something  external  to  the  bioplasm  and  in  con- 
tact with  it  more  or  less  complete,  so  as  to  excite  the  muscle  or  nerve  to 
activity.  I he  excitants  have  been  already  classified  as  chemical,  thermal, 
mechanical  and  electrical.  In  normal  conditions  the  physiological  stimu- 
lation takes  place  in  connection  with  the  nervous  system,  representing 
neural  activity  whether  independent  of  an  exciting  cause  or  aroused  to  ac- 
tivity by  some  other  stimulant.  The  modulus  of  irritability  in  connection 
with  bioplasm  represents  the  amountof  activity  thatthe  bioplasm  manifests 
when  it  gives  its  response  to  the  stimulation,  measured  by  the  smallest 
amount  of  excitation  necessary  to  arouse  the  bioplasm  to  action.  In  the 
case  of  a muscle  to  which  an  excitant  is  applied  the  amount  of  contracting 
taking  place  as  the'  result  of  irritation  would  representiLalong  with  the 
amount  of  mechanical  work  that  is  done  in  connection  with  the  contract- 
ionj^he  result  of  stimulation.  In  the  case  of  a nerve  there  is  no  observa- 
ble effect  as  a result  of  stimulation,  unless  we  indirectly  estimate  it  from 
the  effect  produced  on  the  muscle  by  the  nerve  in  the  case  of  nerves  of 
motion.  Sometimes  excitability  is  used  in  the  same  sense  as  irritability. 
Irntability  is  an  inherent  characteristic  of  muselp  fibre.  Haller  was  the 
prst  to  discover  this  pFopei'Ty,  although  Bernard  was  the  first  to  estab- 
lish it  definitely.  He  poisoned  an  animal  with  curari  and  then  found  that 
by  stimulating  the  motor  nerves  no  effect  was  produced  in  the  muscles, 
while  by  the  direct  stimulation  of  the  muscles  contraction  followed.  It 
was  objected  that  irritability  depends  upon  the  integrity  of  the  relation 
between  the  muscle  and  the  motor  fibres  as  these  are  inseperablv  blended 
together  in  the  end  plates.  Kuhne  found  however  muscle  fibres  in  which 
no  end  plate  connection  existed  and  he  found  that  these  fibres  could  be 
stimulated  directly  to  activity.  After  destroying  the  brain  of  a frog,  by 
ligaturing  the  sciatic  artery  in  the  leg  and  all  tire  tissue  except  the  nerve 
and  then  injecting  sub-cutancously  curari  into  the  abdominal  region  of 
the  body  so  that  the  curari  is  prevented  from  entering  the  tissues  of  the 
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leg-,  as  soon  as  the  animal  becomes  completely  paralyzed  the  muscle  tele- 
graph maybe  used  in  connection  with  the  poisoned  and  unpoisoned  limb. 
The  two  sciatic  nerves  are  stretched  across  the  Du  Bois  Raymond  platin- 
um electrodes  an  induction  shock  being  transmitted  in  connection  with 
the  commutator  to  the  muscle  or  the  nerve.  By  stimulating  the  two 
nerves  the  muscle  in  the  unpoisoned  limb  contracts  and  the  other  does 
not;  while  in  stimulating  the  two  muscles  both  muscles  contract.  Thus 


both  muscles  preserve  irritability,  although  a response  may  be  gained 
from  the  unpoisoned  muscle  by  a feebler  shock  because  the  nerve  termi- 
nals are  more  ready  to  respond  the  nerve  terminals  being  irritated  and 
communicating  the  shock  to  the  muscles.  By  the  use  of  sulpho-cyanide 
of  potassium  irritability  is  destroyed  without  interfering  with  the  neural 
activity.  Carbolic  acid  irritates  the  muscle  but  does  not  affect  the  nerve. 
The  nerve  loses  its  irritability  in  three  or  four  days  and  yet  after  the  sec- 
tion of  the  nerve  irritability  may  be  found  in  connection  with  the  muscle 
for  several  weeks.  By  exhausting  the  nerve  in  connection  with  repeat- 
ed electric  shocks  the  muscle  is  not  exhausted  so  that  direct  stimulation 
of  the  muscle  gives  a response. 

1 he  property  of  irritability  is  found  in  protoplasmic  substance 
which  has  no  nerves,  as  in  some  vegetables  and  in  the  substance  of  proto- 
zoa, the  leucocytes  and  spermatozoa.  Muscle  essentially  consists  of  proto- 
plasm and  as  such  possesses  irritability  which  is  an  inherent  property  of 
all  bioplasm.  Stimuli  in  connection  with  muscle  represent  energy  pro- 
ducers. Hence  its  irritability  implies  that  muscle  can  be  subjected  to 
such  stimulation  as  will  arouse  molecular  changes  resulting  in  the  liberat- 
ion of  energy.  In  this  sense  stimulation  takes  place  normally  through 
the  nervous  connection  but  it  may  also  take  place  by  the  mechanical  ac- 
tion of  probing,  percussing,  stretching,  by  the  chemical  action  of  water, 
weak  metallic  salt  solutions  or  by  electric  currents.  We  are  not  able  to 
measure  with  accuracy  the  connection  of  excitant  and  excitation,  even  in 
attempting  to  measure  the  amount  of  energy  produced  in  connection  with 
a definite  irritant  this  would  not  give  us  a perfect  knowledge  of  irritating 
efficiency.  The  same  difficulty  exists  in  attempting  to  estimate  the  ref- 
lation of  different  kinds  of  stimuli  to  different  forms  of  bioplasm  because 
of  the  great  difference  between  the  cause  and  effect  produced.  Yet  it  is 
possible  to  discover  the  manner  in  which  different  kinds  of  excitants  act 
when  they  are  brought  into  contact  with  muscle  and  nerve.  This  subject 
has  been  studied  especially  in  connection  with  the  cold  blooded  animal 
like  the  frog  because  of  the  preservation  of  irritability  after  removal  from 
the  body.  Every  part  of  the  body  has  an  independent  vitality  aside  from 
the  general  body  life,  so  that  when  the  body  life  is  destroyed  the  cell  life 
is  maintained  for  a greater  or  less  length  of  time.  It  is  on  account  of  the 
resistance  of  the  cold  blooded  cells  that  the  vitality  is  preserved  longer  in 
the  cold  blooded  animal  the  vital  and  chemical  changes  being  morcT  slug- 
gish and  therefore  not  resulting  so  rapidly  in  death, 
of  a frog  therefore  may 
after  death  so  that  in  the 
muscle  and  nerve  we  find 
the  living  conditions. 

The  muscle  protoplasm  may  be  directly  stimulated  although  on 
count  of  the  presence  of  the  branching  nerve  processes  in  connec 
with  muscle  it  is  difficult  to  isolate  the  muscle  from  the  nerve  so  as  to 
the  direct  effect  of  stimulation  on  the  muscle.  This  can  be  done 


& 
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remain  in  an  irritable  condition  for  some  days 
study  of  the  phenomena  associated  with  frog- 
conditions  that  are  approximately  applicable  to 
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have  saul  by  paralyzing  the  nerve  and  the  nerve  endings  bv  the  use  of 
curan.  In  the  sartorius  muscle  of  the  frog  there  are  no  nerve  fibres  at 
the  ends  the  nerve  and  the  muscle  fibres  being  united  in  the  interior  of  the 
muscle.  At  the  points  of  this  muscle  we  find  irritability  in  the  bioplasmic 
substance.  In  the  case  of  the  foetal  heart  before  any  neural  connection 
has  been  developed  we  find  the  muscular  rhythmic  action  which  indicates 
the  possibility  of  stimulating  the  not  yet  innervated  muscle.  If  a muscle 
is  struck  by  a blunt  instrument  the  fibres  contract  at  the  point  of  impact 
resulting  in  a local  swollen  condition  and  by  the  application  of  stimulation 
to  the  affected  part  the  wave  of  contraction  does  not  enter  into  the  rest  of 
the  muscle  which  would  be  the  case  if  the  nerves  carried  the  impulses. 
The  muscle  itself  in  this  case  responds  to  the  stimulation  the  result  be- 
ing contraction  in  the  muscle  alone.  This  indicates  the  existence  of  an 
independent  muscular  irritability.  The  celebrated  controversy  that 
arose  as  to  the  reality  of  this  muscular  irritability  has  long  been  settled. 

The  question  is  not  whether  the  muscles  can  or  can  not  be  excited  but 
whether  they  can  be  excited  without  that  excitation  passing  to  them 
through  the  nerves.  That  this  is  true  is  proved  by  a series°of  experi- 
ments wThich  may  be  summarized,  (1)  the  sartorius  muscle  of  thp  fr<~»g 
h as  no  ueLVes^Tj^e  cardiaui.a.pe.x-has-ne ith er-ne-rva  cells  nnr  fihrpg  anrl  ypf 
they  can  be  irritated.,  djxectly;  (2)  such  chemicals  as  ammonia  excite  the 
muscles  and  do  not  affect  the  nerve  so  that  excitation  in  connection  with 
this  chemical  substance  is  direct  in  the  case  of  muscle;  (3  > after  the  m<  >t< >r 
fibres  have  degenerated  when  the  nerve  fibres  give  no  responsa  in  the 
mu s c lesTorT e x cftaTfio n the  muscle  can  be  directly  stimulated . (4)  Tn  rnn-_ 

nection  with  the  use  of  curari  it  can  be  shown  that  even  after  r.nrarizing  a 
nerve  it  continues  irritable  and  can  conduct  a nerve  impulse  indicating 
that  curari  affects  the  neuro-muscular  terminal  and  not  either  the  nerve 
or  muscle  separately.  This  is  true  in  the  case  of  the  striped  muscle  as 
distinguished  from  the  unstriped,  as  the  nerve  terminals  in  the  smooth 
muscle  like  the  bronchi  are  much  harder  to  paralyze  than  the  nerve  ter- 
minals in  the  regular  skeletal  muscles  or  even  the  cardiac  muscles. 
Hence  in  the  case  of  striped  muscle  the  curari  gives  a means  of  direct  ex- 
citation, as  in  the  case  of  the  use  of  electricity  upon  an  uncurarized  mus- 
cle the  current  affects  both  the  muscle  and  nerve  if  applied  to  the  muscle 
because  it  is  direct  in  affecting  the  muscle  and  indirect  through  induc- 
tion in  affecting  the  nerve.  Hence  in  the  use  of  the  voltaic  current  when 
the  nerves  have  degenerated  a direct  current  will  stimulate  the  muscles 
wrhile  an  induced  current  does  not  stimulate  them.  The  voltaic  current  if 
passed  directly  through  the  nerve  if,  it  remains  constant  without  any  rapid 
change,  does  not  produce  any  stimulation  of  the  nerve  or  of  the  muscle  in 
connection  with  it.  In  the  case  of  muscle  if  the  current  is  passed  directly 
through  it  there  is  not  generally  any  excitation,  although  this  is  not  so 
true  of  muscle  as  of  the  nerve,  particularly  where  a strong  current  is 
used  and  in  this  case  there  is  likely  to  be  a tetanic  condition  produced 
while  the  strong  current  flows.  Hence  two  principles  have  been  laid 
down  in  regard  to  the  effect  of  stimulation  by  a voltaic  current  on  muscle 
and  nerve,  (1)  stimulation  takes  place  when  the  current  is  opened  and 
closed  but  not  when  it  is  passing,  in  other  words  a constant  current  does  not 
stimulate  but  if  it  is  rapidly  increased  or  decreased  excitation  takes  place  at 
the  opening  and  close  of  the  increase  and  decrease.  (2)  When  the  stimu- 
lation is  applied  to  the  muscle  or  nerve  it  takes  effect  only  at  the  point  of 
application  and  when  removed  only  at  the  point  of  removal,  the  former 
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representing-  a stronger  influence  than  the  latter.  This  can  be  demon- 
strated in  connection  with  the  muscle  by  taking  a long  muscle  fibre  sub- 
jected to  curari  holding  it  up  by  its  middle  and  sending  through  it  a cur- 
rent of  electricity.  If  two  levers  are  attached  to  the  ends  hanging  down 
with  styli  the  tracings  on  the  kymograph  will  indicate  that  the  lever  at  the 
end  of  application  moves  first  and  the  lever  at  the  other  end  moves  only 
when  the  stimulation  has  passed  through  the  muscle,  whereas  when  the 
stimulation  is  removed  the  other  end  gives  the  response.  This  indicates 
the  direct  excitability  of  muscle  when  subjected  to  a stimulus  and  dem- 
onstrates its  irritability.  Longet’s  experiments  confirm  this.  By  re- 
secting the  facial  nerve  its  irritability  is  found  to  be  lost  in  four  days. 
The  muscles  supplied  by  it  continued  to  be  subject  to  stimulation  for 
nearly  three  months.  In  other  cases  it  has  been  found  that  when  muscu- 
lar irritability  is  influenced  through  the  nerves  it  is  on  account  of  some 
nutritive  disturbance.  If  a frog  is  poisoned  by  sulpho-cyanide  of  potassium 
the  muscle  ceases  to  be  excitable  and  the  nervous  system  is  unaffected  so 
that  even  when  this  is  injected  subcutaneously  the  application  of  stimulat- 
ion to  the  nerves  produces  muscular  contraction.  When  the  brain  and 
spinal  cord  of  the  frog  are  destroyed  there  are  no  spontaneous  contract- 
ions, although  the  nerves  continue  intact  but  if  a muscle  is  opened  and 
subjected  to  stimulation  it  will  contract,  the  contraction  depending  on  the 
stimulation,  the  irritability  remaining  dormant  in  such  circumstances  un- 
til stimulated. 

Nervous  Irritability. — The  living  corpuscles  in  the  nerve  centers 
and  fibres  which  are  simply  altered  corpuscles  possess  irritability,  that  is 
they  respond  to  stimulation.  But  in  neither  of  these,  that  is  the  nerve 
centers  and  fibres  does  the  response  take  such  a decided  form  as  that 
manifested  by  muscular  corpuscles.  A demonstration  of  nervous  irrita- 
bility may  be  easily  made.  If  the  body  of  a decapitated  frog  is  not  inter- 
fered with  in  any  way  it  will  remain  perfectly  still,  while  the  muscular 
and  nervous  tissues  gradually  lose  their  irritability  and  ultimately  decom- 
pose. But  if  shortly  after  decapitation  the  spinal  cord  containing  the 
nerve  centers  is  stimulated  or  irritated  in  some  way  certain. muscles  will 
contract  as  is  manifested  by  the  movement  of  the  limbs,  thus  irritability 
of  the  nerve  centers  has  in  seme  way  or  other  stimulated  the  muscles. 
Again  instead  of  applying  a stimulus  to  the  spinal  cord  if  the  surface  of 
the  body  is  irritated,  for  example,  by  puncturing  it  or  applying  a drop  of 
acid  then  the  muscular  contraction  and  movement  will  also  follow.  The 
stimulus  applied  to  the  skin  has  in  some  way  affected  the  muscles.  But 
before  applying  the  stimulus  to  the  surface  if  the  nerves  passing  from  the 
integumetn  to  the  spinal  cord  are  destroyed  or  if  the  centers  in  the  spinal 
cord  are  destroyed  or  if  the  nerves  from  the  spinal  cord  to  the  muscles  are 
divided,  the  movements  do  not  take  place.  Evidently  then  when  the  irri- 
tant is  applied  to  the  cord  it  stimulates  the  nerve  centers  and  they  re- 
spond by  stimulating  some  of  the  nerve  fibres  passing-  from  the  centers  to 
the  muscles  called  the  efferent  or  motor  fibres.  The  change  produced  in 
this  way  on  the  nerve  fibre  is  called  a nervous  impulse  and  travels  along 
the  nerves  reaching  and  stimulating  the  muscles  which  respond  by  con- 
tracting. In  the  case  where  the  irritant  is  applied  to  the  integument  it  is 
clear  that  it  must  have  produced  some  change,  that  is  it  stimulated  the 
nerves  passing  from  the  surface  of  the  body  to  the  centers  in  the  spinal  cord 
called  the  afferent  or  sensory  fibres.  The  impressions  soproduced  in  con- 
nection with  theafferent  nerve  endings  and  transmitted  along  them  must 
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have  reached  and  stimulated  a center  or  centers  in  the  cord  and  as  a re- 
sult ot  this  one  or  more  impressions  are  aroused  in  connection  with  the 
centei  and  tiansmitted  along-  an  efferent  nerve  or  nerves  which  stimulate 
thes  muscle  to  activity,  h rom  these  facts  it  is  evident  thatnerve  centers 
may  be  stimulated,  (1)  directly  or  (2)  indirectly  throug-h  afferent  nerve 
fibres;  and  the  nerve  fibres  may  be  stimulated  (1)  directly  or  (2)  indirect- 
ly as  a result  of  chang-es  occuring-  in  the  corpuscles  of  the  nerve  centers. 

C f the  natui  e of  the  changes  themselves  which  take  place  in  nerve 
centers  as  a result  of  stimulation  we  are  ignorant  but  both  centers  and 
nerves  possess  the  property  of  irritability.  If  a frog-  is  quicklv  killed  and 
then  the  sciatic  nerve  divided  close  to  the  body  and  dissected' out  of  the 
body  and  if  the  leg-  is  divided  obove  the  knee,  in  this  way  we  have  an  unin- 
jured leg-  and  foot  with  nerve  connections.  Clamping-  the  bone  at  the 
knee  and  supporting-  it  upwards  experiments  can  be  made  in  connection 
with  the  nerve.  By  mechanically  cutting-  or  striking-  the  nerve  the  mus- 
cles of  the  leg-  will  contract  and  the  foot  will  move.  By  the  use  of  acids, 
alkalies,  salts  etc.  in  connection  with  the  nerve  muscular  twitching-s  mav 
be  produced,  these  twitching-s  increasing-  in  intensity  as  the  substanc'e 
takes  effect  on  the  nerve  until  the  whole  foot  and  leg-  are  affected.  By  the 
use  of  hot  cautery  in  connection  with  the  nerves  as  the  nerves  become 
heated  contractions  take  place  in  the  muscle.  Bv  connecting-  the  poles  of 
an  electric  current  to  the  nei*ve  the  muscles  will  contract  as  the  current 
is  applied  suddenly  and  if  the  current  is  chang-ed  in  intensity.  In  all 
these  cases  the  nerves  are  excited  by  external  irritation  the  muscle  being- 
excited  throug-h  the  action  of  the  nerve.  No  apparent  alteration  is  notice- 
able in  the  nerve  but  the  muscular  chang-es  indicate  that  certain  chang-es 
must  have  taken  place  in  connection  with  the  nerve  resulting  in  affecting- 
the  muscles.  This  implies  that  a neural  commotion  was  originated  and 
transmitted  along  the  nerve  fibres  to  a muscle  indicating  the  presence  in 
the  nerve  of  irritability.  Nerve  irritability  does  not  depend  on  anA-  per- 
ceptible change  in  the  nerve.  In  connection  with  the  sensory  nerves  irri- 
tability is  manifested  by  sensation,  the  sensation  being  in  the  center,  not 
in  the  fibre.  If  the  sensory  connection  is  cut  off  no  such  sensation  will 
result.  If  the  sensory  nerves  are  intact  while  the  motor  nerves  are  cut 
the  sensation  will  be  found  more  or  less  powerful  in  the  center.  The 
nerves  are  more  liable  to  irritation  than  ordinary  contractile  tissue  like 
the  muscle,  hence  the  same  stimulus  will  act  much  more  strongly  on 
nerve  than  on  muscle.  Hence  some  physiologists  prefer  to  applv  the 
word  excitability  to  nerves  and  irritabilty  to  muscles.  In  the  gray  mat- 
ter of  the  central  system  we  find  both  nerve  cells  and  fibres  and  as  these 
cannot  be  separated  in  experiments  it  is  difficulty  to  distinguish  between 
the  irritability  of  the  gray  and  white  matter.  It  like  the  rest  of  the 
nervous  system  however  is  irritable. 

Nerves  as  we  have  seen  are  irritable  being  thrown  into  a state  of 
irritation  by  means  of  stimuli.  The  stimuli  that  produce  excitation  are 
(1)  mechanical.  These  act  on  the  nerves  if  applied  rapidly  so  as  to  pro- 
duce some  change  in  the  neural  substance,  for  example,  compression,  a 
blow,  division  or  puncture.  When  a sensory  nerve  is  stimulated  it  pro- 
duces pain,  when  a motor  nerve  is  stimulated  it  produces  motion  associat- 
with  muscular  action.  If  the  axis  cylinder  is  destroyed  or  its  continuity 
interfered  with  there  is  an  interruption  of  the  conduction  of  impulses. 

If  the  nerve  tissue  is  permanently  interfered  with  then  irritability  may 
be  lost  entirely.  Tigerstedt  states  that  the  minimum  and  maximum  of 
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mechanical  stimuli  are  900  and  8,000  milligram  millimeters.  If  the  stim- 
uli are  very  strong-  the  nerve  is  exhausted  but  this  may  not  go  beyond 
the  point  of  application.  If  pressure  is  continued  in  the  case  of  a sensori- 
motor nerve  the  motor  fibres  are  more  easily  affected.  If  the  pressure 
is  applied  slowly  the  nerve  may  lose  irritability  without  any  visible  irrita- 
tion. If  the  pressure  gradually  increases  in  the  case  of  a nerve  there  is 
a temporary  increase  followed  by  a decrease  of  irritability.  The  stretch- 
ing- of  a nerve  represents  mechanical  stimulus,  if  the  stretching-  is  slig-ht 
the  reflex  irritability  is  increased  but  if  the  stretching-  becomes  severe 
then  there  is  loss  of  irritability  either  temporary  or  permanent,  some- 
times producing-  paralysis.  Tigerstedt  has  invented  an  instrument  the 
tetanometer  by  which  the  strength  of  the  stimulus  can  be  found  in  the 
artificial  production  of  tetanus.  In  the  case  of  a frog-’s  nerve  he  found 
the  smallest  stimulus  to  be  about  a gram  millimeter.  Part  of  this  force 
is  evidently  lost  as  a much  smaller  electrical  stimulus  measured  by  its 
heat  value  will  stimulate  a nerve.  (2)  Thermal  stimulation.  By  heating 
the  nerve  of  a frog-  to  45  degrees  C its  irritability  is  increased  and  after 
decreased.  As  the  temperature  is  raised  the  irritability  becomes  greater 
until  it  reaches  50  degrees  C when  excitability  and  conductivity  are  both 
destroyed,  while  if  raised  to  65  degrees  the  medulla  is  also  destroyed. 
The  rapid  cooling-  of  the  nerve  to  5 degrees  also  stimulates  the  nerve  pro- 
ducing- muscle  contraction.  By  freezing-  the  nerve  its  irritability  is  sus- 
pended being-  restored  oh  thawing.  In  fact  the  cooling  of  a nerve  in- 
creases irritability  especially  in  the  case  of  a motor  nerve  although  the 
muscular  contractions  are  not  so  great.  (3)  Chemical  stimulation  excites 
the  nerve  if  it  acts  rapidly.  The  chemical  stimulation  is  manifested  in 
an  increased  excitability  followed  by  lessened  irritation  and  often  paraly- 
sis. Chemical  stimulation  is  not  so  effective  in  the  case  of  sensory  as  in 
the  case  of  motor  nerves.  By  the  quick  removal  of  water  bv  the  process 
of  drying  or  by  the  absorption  of  water  in  connection  with  solutions  of 
neutral  salts  there  is  produced  a temporary  increase  followed  by  a de- 
crease of  excitability.  Alkalies,  mineral  acids  and  organic  acids  like 
acetic  acid  and  metallic  salts,  especially  if  concentrated,  stimulate  the 
nerves,  strong  neutral  potash  salts  destroying  the  nerves.  Alcohol, 
ether,  bile  and  sugar  first  stimulate  the  nerves  and  then  quickly  destroy 
them.  Ammonia,  bisulphide  of  carbon,  carbolic  acid  and  some  of  the 
metallic  salts  destroy  the  nerves  without  irritating  them.  The  solutions 
require  to  be  more  concentrated  in  application  to  a nerve  than  in  appli- 
cation to  a muscle  in  order  to  get  a contraction.  (4)  Electrical  stimula- 
tion. Different  forms  of  electrical  stimulation  may  be  used,  the  constant 
and  interrupted  current  or  the  induction  shock.  The  current  is  more 
powerful  when  applied  and  withdrawn  than  during  its  continuance;  sim- 
ilarly if  it  is  increased  or  decreased  it  acts  as  a special  stimulus,  whereas, 
if  the  current  is  slowly  increased  very  little  effect  is  produced.  Greater 
stimulation  takes  place  if  very  quick  variations  take  place  in  connection 
with  the  application  of  a currant.  The  induction  shocks  are  more  pow- 
erful than  current  electricity  and  muscle  seems  to  be  more  sluggish  in 
responding  to  stimulation,  in  the  case  of  nerve  excitation  there  is  no  latent 
period  as  in  muscular  stimulation.  In  order  to  the  stimulation  of  a nerve 
there  must  be  a certain  strength  of  current  and  it  must  be  applied  for  a 
certain  time,  the  minimum  according  to  Kick  being  .0015  of  a second. 
Even  where  the  current  is  of  longer  duration  the  application  of  the  shock 
may  have  no  effect  at  all.  The  current  is  stronger  in  stimulating  a nerve 
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)vhen  it  runs  in  the  axial  direction  fo  the  nerve,  if  applied  transversely  it 
as  no  effect  at  all.  As  the  length  of  the  nerve  is  increased  the  stimulus 
required  may  be  lessened  in  intensity.  When  the  constant  current  is 
used  m the  case  of  the  terminal  sensory  nerves  the  stimulation  is  more 
marked  when  made  and  broken.  If  the  current  is  strong  however  sen- 
sations may  be  experienced  during  the  passage  of  the  current.  This 
is  not  [so  in  the  case  of  motor  nerves  no  effect  being  produced  while  the 
current  is  passing.  During  the  time  the  current  is  passing  through  a 
neive  the  nerve  is  said  to  be  electrotonic  in  which  the  physiological  con- 
dition of  the  nerve  is  consiberably  changed.  All  parts  of  the  nerve  are 
not  equally  excitable.  Generally  the  closer  a motor  nerve  is  stimulated 
to  the  central  system  the  greater  is  the  resulting  contraction  in  the  mus- 
cle, so  that  the  effect  in  the  muscle  is  greater  the  further  awav  it  is  from 
the  muscle.  ffhis  led  Pfluger  to  assert  that  the  nerve  impulse  increases 
as  it  comes  nearer  to  the  muscle.  This,  however,  depends  on  the  differ- 
ence in  excitability  in  different  parts  of  the  nerve;  hence  in  a motor  nerve  if 
the  same  stimulus  is  applied  near  to  the  muscle  and  at  a distance  from  the 
muscle,  the  latter  will  give  the  greater  contraction,  due  to  the  fact  that 
nerves  are  more  excitable  away  from  than  near  the  muscle,  the  greatest 
irritability  of  a nerve  being  close  to  the  nerve  centers,  chiefly  because  of 
the  trophic  influence  of  the  nerve  center.  This  it  is  claimed  does  not 
apply  to  chemical  stimulation  as  it  is  claimed  that  all  parts  of  the  nerve 
are  equally  excitable  by  chemical  stimuli.  Even  in  the  same  trunk  all 
nerve  fibres  are  not  equally  excitable.  Weak  stimulation  of  the  sciatic 

nerveof  afrog  producse  contraction  in  the  flexor  muscles,  whereas  it  requires 

astrong  stimulation  to  contract  the  extensor  muscles.  In  line  with  this  is 
the  principle  of  Ritter  that  the  nerve  fibres  which  supply  the  flexor  mus- 
cles degenerate  first,  the  fibres  supplying  the  extensor  muscles  degenera- 
ting later.  (5)  Physiological  stimulation.  The  exact  nature  of  the  nor- 
mal stimulation  of  the  nerves  is  not  known.  It  is  called  the  nerve  commo- 
tion and  travels  either  centrifugall y or  centripetally,  in  the  latter  case  re- 
aching the  central  organs  where  it  is  connected  with  the  production  of 
sensation  and  perception  or  is  reflexly  transferred  to  the  motor  nerves, 
resulting  in  reflex  stimulation.  All  we  know  is  that  a change  takes  place 
the  external  mark  of  which  is  an  electrical  change  this  change  being 
transferred  to  the  nerve  fibre  from  the  neuro-muscular  terminal.  The 
physiological  stimulation  seems  to  originate  in  the  nerve  cell  or  neuro- 
muscular mass  which  forms  the  connecting  link  between  the  muscle  and 
nerve  in  the  external  organs.  The  way  in  which  stimulation  originates 
is  unknown. 

Conditions  that  Affect  ok  Modify  Irritability. — Muscle  and 
nerve  are  irritable  but  the  degree  or  modulus  of  excitability  depends  on 
the  external  conditions  found  in  connection  with  the  irritant  and  the  in- 
ternal conditions  in  connection  with  the  muscle  and  nerve.  (1)  Con- 
ditions associated  with  the  irritant.  These  conditions  arc  not  equally  ap- 
plicable to  muscle  and  nerve  some  having  a greater  application  to  muscle 
and  vice  versa.  The  common  excitant  used  in  the  case  of  both  muscle 
and  nerve  is  electricity.  There  is  a danger  of  injury  to  the  muscle  or 
nerve  by  the  use  of  the  mechanical,  chemical  or  thermal  excitants,  in  ad- 
dition to  the  fact  that  these  are  difficult  to  graduate  when  compared  with 
electricity  which  Can  be  applied  freely  if  not  too  strong  without  any  in- 
jury and  correct  graduation  of  strength,  length  of  application  etc.  can  be 
made.  Galvani  in  experimenting  with  frogs  suspended  by  copper  wires 
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found  that  when  the  frog-  was  blown  by  the  wind  ag-ainst  an  iron  medium 
electric  currents  resulted  from  which  he  concluded  that  electricity  exist- 
ed intheanimal  the  wires  being  the  conductors.  Volta  corrected  this  by  the 
discovery  that  electricity  was  developed  in  connection  with  the  contact  of 
the  two  metals  the  moist  frog-  tissue  forming-  the  medium  in  which  the 
union  of  metals  took  place.  On  this  principle  he  built  up  the  voltaic  pile 
and  from  this  all  modern  electrical  discoveries  have  developed.  Electric- 
ity can  now  be  conveniently  applied  in  connection  with  the  cell  elements.  If 
one  of  the  electrodes  of  such  a cell  is  connected  with  one  end  of  a nerve 
and  the  other  brought  into  contact  with  the  nerve  at  another  point  an 
electric  current  flows  through  the  nerve  from  the  positive  to  the  negative 
pole,  the  result  being  to  give  a shock  to  the  nerve  producing  irritation  in 
the  nerve  and  a secondary  irritation  in  the  muscle  controlled  by  the  nerve. 
It  is  not  so  suitable  to  produce  excitation  by  the  contact  of  a nerve  or 
muscle  directly  with  the  elcetrodes,  hence  the  key  is  introduced  to  com- 
plete the  circuit  betwen  the  zinc  and  copper  while  the  muscle  or  nerve  is 
in  connection  with  the  electrodes,  soffhat  by  the  use  of  the  key  the  circuit 
can  be  opened  and  closed.  When  a nerve  is  connected  with  a cell  there  is  a 
temporary  excitation  unless  the  current  is  very  strong,  the  muscle  con- 
trolled by  the  nerve  giving  a single  contraction  at  the  moment  when  the 
current  enters  the  nerve,  so  that  the  current  must  pass  through  the 
nerve  without  stimulating  the  nerve.  If  the  current  is  permitted  "to  flow 
no  irritation  takes  place  but  if  it  is  suddenly  cut  off  there  is  an  irritation 
of  the  nerve  and  also  of  the  muscle  which  contracts.  Thus  the  opening 
and  closing  of  the  current  act  as  quick  shocks  on  the  nerve  producing  con- 
tractions corresponding  with  the  opening  and  closing  shocks.  The  ef- 
ficiency of  the  irritation  depends  on  the  speed  of  applying  the  irritant. 
If  the  electric  current  is  constant  and  of  moderate  strength  the  nerve  is 
not  excited  during  the  passage  of  the  current  but  excitation  takes  place 
when  the  current  begins  and  stops.  If  a current  is  passed  through  a 
nerve,  gradually  increased  or  decreased  there  is  no  change  in  the  nerve 
and  therefore  no  alteration  in  the  muscle  supplied  by  the  nerve.  Bv  the 
use  of  the  Rheonome  an  instrument  which  permits  of  altering  the  resis- 
tance at  will  a.  smaller  or  greater  current  can  be  passed  into  a nerve.  Bv 
the  use  of  this  instrument  it  can  be  proved  that  if  a current  gradually 
enters  or  leaves  the  nerve  or  if  it  flows  steadily  through  the  nerve  no 
change  takes  place,  but  so  soon  as  the  current  is  rapidly  increased  or  de- 
ci  cased  the  nerve  is  excited.  1 his  indicates  that  it  is  not  the  current 
of  electricity  which  irritates  the  nerve  but  the  suddenness  with  which  it 
is  stimulated,  so  that  a nerve  can  be  irritated,  not  by  any  current  streng  th 
passed  continuously  through  it  but  by  the  alteration  of  the  current 
strength  from  time  to  time.  This  applies  equally  to  other  excitants, 
hence  if  compression  is  gradually  brought  to  bear  on  a nerve  no  irrita- 
tion takes  place,  this  compression  if  gradually  taking  place  even  to  the 
point  of  crushing  the  nerve  will  not  irritate  it  so  as  to  affect  the  muscle. 
Similarly  chemical  action  and  heat  must  be  brought  to  bear  on  the  nerve 
with  suddenness  if  any  effective  irritation  is  to  take  place.  Continuous  ap- 
plications of  stimuli  through  the  sensory  system  does  not  affect  the  cen- 
tral nervous  system,  whereas  sudden  changes  like  the  introduction  or  re- 
moval of  light,  sudden  increase  or  decrease  of  temperature  do  affect  the 
central  system.  Hence  to  arouse  from  sleep  there  must  be  some  sudden 
and  unusual  sound,  a principle  equally  applicable  psychologically  as  phy- 
siologically. ' 1 - 
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1,1  line  Wlth  1 lls  we  iin.d  that  an  induced  current  affects  more  power- 
iuliy  the  nerves  than  a primary  current,  the  induced  current  being  in- 
tensihed  by  the  use  of  the  inductorium.  The  current  of  induction  is  verv 
short,  the  increase  and  decrease  in  the  density  of  the  current  being-  verv 
1 a pul.  1 lie  action  upon  the  nerves  is  tested  by  the  result  in  the  muscle 
contraction.  By  taking- the  gastrocnemius  muscle  and  the  sciatic  nerve 
of  a frog^ter  being-  dissected  out,  the  limb  being  clamped  in  connection 
with  the  femur,  by  connecting-  the  muscle  with  a lig-ht  lever  connected  to 
a stilus  and  by  stimulating-  the  nerve  we  g-et  a muscle  tracing-  on  the 
kymograph  called  a myogram,  so  that  if  the  nerve  is  irritated  by  alter- 
nately opening- and  closing-  the  current  a number  of  movements' will  be 
found  in  connection  with  the  muscle,  indicating  the  contractions  taking 
place.  If  a direct  current  from  the  battery  without  using  the  inductor- 
ium is  used  in  connection  with  the  experiment  it  will  be  found  that  the 
opening  of  the  current  is  stronger  than  the  closing,  whereas,  in  the  in- 
duced current  the  closing  is  stronger  than  the  opening.  This  arises 
f i om  the  fact  that  physiologically  there  are  changes  taking  place  in  the 
nerve  when  the  current  is  opened  and  closed,  these  changes  differino-  in 
the  induced  and  direct  currents.  The  excitation  that  arises  on  openin^- 
the  current  is  developed  in  connection  with  the  negative  pole  of  the  gaf 
vanic  battery  and  that  which  arises  in  connection  with  the  closing  of  "the 
cui  l ent  is  developed  in  connection  with  the  positive  pole.  'This  applies 
equally  to  the  musclee  and  nerves.  By  taking  a long  fibre  muscle  curar- 
ized,  for  example,  the  sartorios  muscle,  and  clamping  it  in  the  center 
very  strongly  so  as  to  hinder  the  contraction  on  one  side  from  passing  to 
the  other  but  not  so  strongly  as  to  prevent  the  conductivity  of  the  tissue, 
the  recording  apparatus  is  applied  to  the  two  ends.  The  circuit  is  ap- 
plied to  the  two  ends  of  the  muscle  by  the  unpolarizable  electrodes  and 
by  the  use  of  the  commutator  the  current  can  be  easily  reversed.  It  is 
found  that  the  opening  of  the  current  is  used  to  excite  the  contraction  of 
the  muscle  beginning  at  the  negative  pole,  whereas,  when  the  closing  of 
the  current  was  used  to  excite,  the  contraction  began  at  the  positive  pole. 

hen  very  strong  currents  are  used  then  the  preliminary  contractions 
pass  into  continued  contractions  the  opening-  contraction  being  Ritter's 
tetanic  and  the  closing  one  Wundt’s  tetanic  contraction.  These  continu- 
ed contractions  remain  localized  in  the  region  of  the  origin.  By  the  use  of 
the  same  method  in  connection  with  the  nerve  the  same  result  is  obtained, 
the  sudden  entering  current  starting  from  the  negative  pole  and  the  sud- 
den leaving  current  from  the  positive  pole.  Bezold  experimented  in  con- 
nection with  muscle  and  nerve  exciting  the  nerve  by  the  opening  and 
closing  current  with  the  positive  and  negative  poles  towards  the  muscle. 
When  the  current  was  closed  with  the  negative  pole  at  a greater  distance 
from  the  muscle  there  was  a longer  time  required  than  when  the  current 
was  opened  with  the  positive  pole  further  from  the  muscle.  There  is 
therefore  a difference  in  the  nerve  and  muscle  irritated,  the  current  pro- 
ducing the  irritation  at  the  points  of  the  poles,  the  alteration  at  the  nega- 
tive pole  when  the  current  is  closed  producing  irritation  that  arouses  the 
closing  contraction,  while  the  alteration  at  the  positive  pole  when  the  cur- 
rent is  opened  produces  the  excitation  that  arouses  the  opening  contrac- 
tion. 'The  contraction  developed  in  connection  with  the  closing  of  the  cur- 
rent is  stronger  than  that  in  connection  with  the  opening,  hence  in  all 
kinds  of  muscle  a feebler  excitation  can  develop  irritation  at  the  negative 
pole  while  a stronger  excitation  is  required  at  the  positive  pole.  The 
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closing  contraction  can  be  produced  with  a much  weaker  current  than 
the  opening  contractions.  This  is  equally  true  of  the  nerves.  If  a weak 
current  is  applied  to  the  nerve,  on  closing  the  key  there  is  a single  feeble 
contraction  of  the  muscle  and  when  the  key  is  opened  no  contraction  at 
all.  By  increasing  the  strength  of  the  current  slowly  as  the  current  is 
increased  the  closing  contraction  is  intensified,  the  excitation  arising  in  con- 
nection with  the  nerve  close  to  the  negative  pole,  when  the  circuit  is 
broken  the  contractions  take  place  in  connection  with  the  substance  close 
to  the  positive  pole.  Thus  the  closing  contraction  develops  first  and  only 
later  do  the  opening  contractions  develop  as  feeble  contractions  graduallv 
increasing.  By  the  still  further  increase  of  the  current  it  will  be  found 
that  the  closing  and  opening  contractions  begin  to  diminish  so  that  the 
current  becomes  very  strong,  these  contractions  ceasing  altogether. 

Generally  as  the  electric  current  becomes  stronger  it  has  a greater 
effect  on  muscle  and  nerve.  By  using  the  induced  current  this  can  be 
proved  in  the  case  of  the  nerve  as  the  current  can  be  altered  considerably 
at  will.  The  force  of  the  induction  current  depends  on  the  force  of  the 
primary  current  and  the  distance  of  the  secondary  current  from  it,  this 
being  regulated  by  the  mobility  of  the  secondary  coil  which  can  be  moved 
away  or  close  to  the  primary  coil.  Bv  connecting  the  secondary  coil  with 
a pair  of  electrodes  connected  with  the  nerve  in  connection  with  a muscle, 
the  muscle  being  connected  by  a lever  and  stylus  with  the  kymograph, 
by  placing  the  secondary  coil  so  far  from  the  primary  that  no  effect  is  no- 
ticed on  opening  and  closing  the  current,  and  by  moving  the  secondary 
coil  towards  the  primary  a point  can  be  detected  where  a closing-  shock 
excites  a weak  response  while  the  opening  excites  none.  This  will  repre- 
sent the  minimum  closing  contraction.  We  must  be  careful  not  to  irritate 
the  nerve  too  rapidly  after  a preceding  shock  and  also  not  to  irritate  the 
muscle  too  much  so  as  to  produce  fatigue.  As  the  current  is  increased 
the  closing  contractions  will  increase  till  a point  is  attained  where  no  fur- 
ther increase  can  be  secured.  This  represents  the  first  maximum  of  the 
closing  contraction.  By  increasing  the  current  gradually  a second  maxi- 
mum  may  be  obtained  beyond  which  no  further  increase  is  possible. 
When  the  opening  contractions  are  obtained  it  will  be  found  that  a strong- 
er current  is  required  to  secure  the  minimum  opening  contraction  but 
that  after  this  the  maximum  opening  contraction  comes  quicker  than  in 
the  case  of  the  closing  contractions.  The  ordinary  current  may  be  used 
in  this  connection  if  the  current  intensity  and  resistance  are  properly 
gauged  by  the  use  of  the  rheostat  which  is  a box  of  coils  containing  wire 
ot  a definitely  known  resistance  so  that  the  resistance  can  be  accurately  de- 
tei  mmed.  In  the  same  way  the  current  may  be  increased  in  connection 
with  the  Rheocord  which  is  used  for  dividing  the  current  so  that  only  a 
part  of  the  current  passes  through  the  nerve.  ' This  can  be  done  by  *in- 
u easing  and  decreasing  the  resistance  as  the  current  will  pass  along  the 
path  ot  least  resistance.  In  both  of  these  uses  of  the  resistance  method 
it  can  be  easily  determined  how  the  strength  of  the  current  regulates 
e irritation,  so  that  the  general  principle  is  true,  the  result  of  stimula- 
tion increases  with  the  increase  of  the  excitant,  whether  of  muscle  or  of 
nci  \e  and  whether  electrical  or  otherwise. 

,,  f ,*1  connection  with  the  current  of  electricity  it  is  important  to  notice 
tnat  the  density  is  the  most  prominent  factor.  ’ In  connection  with  acon- 
- n*”  ! \ Cf  e cui*rent  spreads  over  it  so  that  in  case  of  a conductor 

a par  s of  which  are  equal  in  resistance  the  smallest  diameter  will  rep- 
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resent  the  gieatest  intensity.  Hence  in  passing  a current  through  the 
sartonus  muscle  of  a frog:  the  density  of  the  current  is  greater  at  the 
knee  and  the  exciting-  power  will  also  be  greater  at  that  point.  If  a cur- 
rent is  constantly  sent  through  a nerve  it  does  not  normally  irritate  while 
sudden  changes  in  the  current  produce  irritation.  In  the  case  of  medul- 
lated  fibres  there  is  irritation  produced  in  changed  currents  in  connec- 
tion with  intensity  As  the  intensity  changes  there  is  a greater  effect  on 
the  n 1 itation  of  the  nerve.  > All  the  nerves  however  do  not  become  irri- 
tated  by  changes  m intensity  the  medullated  nerves  responding-  more 
i eaciilj  than  the  non-medullated  to  short  duration  currents.  In  the  case 
of  muscles  it  is  found  that  if  the  muscles  are  separated  from  the  nerve 
action  by  the  use  of  curari  they  are  very  powerfully  irritated  bv  the  open- 
ing and  closing  of  a regular  battery  current  and  less  strongly  bv  the 
opening  and  closing  of  induced  currents.  The  maximum  contraction  is 
greater  and  of  longer  duration  in  the  case  of  a battery  than  the  induced 
cui  i ent.  In  the  case  of  the  unstriped  muscle  this  is  even  more  true  than 
m the  striped,  responding  to  a direct  current  if  the  closing  takes  some 
time  and  only  responding  to  an  induced  current  if  very  strong.  In  the 
case  of  the  unstriped  muscle  of  the  ureter  the  induction  shock  has  practi- 
cally no  effect  while  the  battery  current  requires  to  be  strong  and  its 
closing  cui  i ent  must  be  of  long  duration.  T.  his  indicates  the  important 
principle  of  duration  in  connection  with  the  different  forms  of  the  irritat- 
ed substance,  muscle  or  nerve.  In  the  unstriped  muscle  the  duration  of 
the  current  must  not  be  less  than  one-fourth  of  a second  in  order  to  u-et 
the  maximum  contraction,  while  the  striped  muscle. requires  .001  of  a sec- 
ond and  about  the  same  time  is  required  for  the  medullated  nerves.  In 
connection  with  currents  that  last  only  for  a short  time  medullated  fibres 
give  the  readiest  response,  then  the  non-medullated,  the  striped  and  last- 
ly the  unstriped  muscle  and  vice  versa  in  the  case  of  the  current  of  longer 
duration,  the  intensity  changing  gradually.  This  seems  to  indicate  that 
the  more  perfect  the  differentiation  of  the  bioplasm  the  greater  is  its  mo- 
bility under  stimulation  and  the  greater  its  susceptibilt  v to  be  irritated. 
That  this  does  not  hold  true  is  emphasized  by  the  fact  that  in  different 
animals  there  are  different  degrees  of  irritability  in  connection  with  the 
tissues,  for  example,  the  striped  muscle  of  a frog  gives  quicker  response 
than  the  striped  muscle  of  the  turtle.  This  depends  largely  on  the  con- 
dition of  the  tissue,  Kries  claiming  that  nerves  when  cooled  give  a freer 
response  to  slower  alterations  of  intensity,  whereas  quicker  changes  give 
an  easier  response  if  the  nerve  is  heated.  When  the  muscle  and  nerve 
become  diseased  or  subjected  to  deg-enerating  changes  the  stimulation 
gains  a less  free  response.  When  a nerve  is  divided  the  peripheral  part 
degenerates  and  although  irritability  is  increased  temporarily  it  is  follow- 
ed by  a rapid  loss  of  vitality.  In  the  process  of  regeneration  irritability 
is  only  gradually  resumed,  the  response  being  gained  earlier  to  mechani- 
cal stimulation  than  to  electrical  stimulation.  During:  reg-eneration  be- 
fore  the  axis  cylinder  is  developed  mechanical  stimuli  will  receive  a re- 
sponse while  induction  shocks  do  not.  In  the  case  of  muscle  degenera- 
tion the  striped  muscle  assumes  the  condition  of  the  unstriped,  weakly 
being  stimulated  by  induced  currents  while  direct  electrical  currents  and 
mechanical  stimulation  get  a ready  response.  This  is  of  value  from  a 
diagnostic  standpoint  in  finding  out  the  condition  of  a muscle  and  nerve. 

In  connection  with  the  current  it  is  important  to  notice  the  angle  of 
stimulation.  If  the  current  crosses  the  muscle  at  right  angles  to  the  mus- 
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clc  fibres  no  irritation  results,  the  power  to  irritate  gradually  increasing 
as  the  angle  is  decreased  until  the  current  passes  parallel  to  the 
fibres  in  their  longitudinal  direction.  Thesameprincipleholds  good  of  the 
nerve.  This  it  is  claimed  by  some  depends  on  the  variation  in  resistance 
but  this  could  hardly  explain  the  lack  of  response  where  the  current  is 
applied  at  right  angle  to  the  axis  cylinder.  Hence  it  is  concluded  that 
when  a current  is  applied  to  a nerve  or  muscle  at  a suitable  angle  to  se- 
cure stimulation  the  irritation  aroused  by  the  current  is  regulated  by  the 
changes  in  the  intensity  of  the  current,  in  connection  with  alterations  in 
the  current’s  strength  and  density  and  the  period  of  application  of  the 
current.  Changes  in  intensity  have  a greater  effect  on  nerves  than  varia- 
tions in  time.  In  the  striped  muscle  rapid  variations  soon  lose  their  ef- 
fect, being  more  responsive  to  currents  of  longer  duration,  while  in  the 
unstriped  muscle  the  duration  is  of  much  importance  and  quick  changes 
do  not  call  forth  any  response.  In  the  case  of  nerves  and  both  kinds  of 
muscle  the  intensity  of  the  current  is  the  most  important  element  condi- 
tioning the  response. 

In  connection  with  this  it  is  very  important  that  the  direction  of  the 
current  be  suitable.  In  the  case  of  a motor  nerve  the  effect  varies  accord- 
ing as  the  current  is  descending  or  asending,  that  is  turning  towards  or 
moving  away  from  the  muscle,  the  variations  being  intinsified  by  changes 
in  the  force’of  the  current.  In  connection  with  this  it  is  important  to  re- 
member, that  subject  to  an  electric  current  a nerve  is  excited  close  to  the 
negative  pole  when  the  current  is  closed  and  near  the  positive  pole  when 
opened;  that  the  irritation  at  the  negative  pole  is  more  powerful  than  that 
ot  the  positive;  that  while  a powerful  constant  current  passes  through  a 
nerve  conductivity  is  lessened  at  the  negative  pole  and  lost  altogether  at  the 
positive,  while  in  removing  the  current  the  conductivity  is  resumed  at  the 
positive  pole  and  lost  altogether  at  the  negative.  Pfluger  has  given  this 
law  of  contraction  in  connection  with  irritability,  in  the  case  of  a weak 
current,  both  in  ascending  and  descending  when  the  current  is  opened 
there  is  no  exitation,  when  closed  there  is  excitation  resulting  in  contrac- 
tion; in  the  case  of  a moderate  current,  both  in  ascending  and  descend- 
ing-, when  the  current  is  opened  and  closed  there  is  excitation  resulting  in 
contraction;  in  the  case  of  a strong  current  in  ascending  when  the  cur- 
rent is  opened  there  is  excitation  resulting  in  contraction  and  when  closed 
noexcitation;  whereas  in  descending  when  the  current  is  opened  there  is  no  ex- 
citation and  when  closed  there  is  excitation  manifested  in  contraction.  (A 
weak  current  is  about  4 milliamperes,  a moderate  current  10 milliamperes,  a 
strong  current  20  milliamperes  or  over  ) In  new  motor  fibres  from  a frog  if 
there  isaweak  current  closing  contractions  only  are  obtained  in  ascending 
and  descending,  when  the  medium  current  is  applied  contractions  arc  ob- 
tainedin  in  both  directions  at  both  poles,  whereas  in  the  strong  current  the 
opening  of  the  ascending  and  the  closing  of  the  descending  only  give  con- 
tractions. 

These  investigations  and  the  results  have  been  obtained  chiefly  in  con- 
nection with  the  muscle  and  tne  nerve  of  frogs  but  much  has  been  done  re- 
cently in  the  application  of  the  electric  current  to  the  human  sub  ject.  In 
the  human  subject  the  current  must  be  applied  to  the  nerve  through  the 
skin.  In  placing  the  positive  electrode  on  the  skin  the  current  is  diffus- 
ed through  the  skin  and  tissues  passing  around  toward  the  negative  elec- 
trode. The  current  density  will  depend  on  its  density  in  connection 
with  the  electrode  and  also  on  the  conductivity  of  the  tissues  through 
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which  the  current  must  pass.  Usually  where  the  current  is  introduced 
to  a neive  through  the  skin  the  diffused  waves  of  current  will  enter  the 
nerve  at  different  angles  passing-  longitudinally  along-  the  nerve  and  then 
lowing  out  at  about  the  same  ang-le  as  that 'of  entrance  t)  reuh  the 
negative  electrode,  some  of  the  current  however  will  pass  through  the 
nerve  into  the  tissue  and  fluids  lying- around  the  nerves  making  different 
circuits  and  returning  through  the  nerves  again.  The  electrical  electro- 
des represent  a unity  but  physiologically  every  point  of  entrance  and  exit 
through  the  skin  represents  a physiological  electrode  so  that  the  electri- 
cal electrodes  represent  a group  of  physiological  electrodes,  the  positive 
and  negative  electrical  each  representing  both  positive  and  negative 
physiological  electrodes.  In  connection  with  the  effect  of  the  current  up- 
on the  human  nerve,  when  a current  from  a battery  is  closed  irritation  is 
aroused  in  connection  with  the  physiological  negative  electrode  and  when 
it  is  opened  at  the  positive  electrode;  the  irritation  aroused  at  the  nega- 
tive electrode  is  more  powerful  than  that  at  the  positive,  and  the  current 
has  the  most  powerful  effect  at  the  point  where  the  density  is  greatest. 
In  connection  with  the  motor  nerves  the  strength  of  irritation  is&esti mat- 
ed from  the  contractions  resulting  in  the  muscle.  When  the  current  is 
closed  the  resulting  contraction  represents  the  excitation  aroused  at 
the  negative  pole,  when  the  current  is  opened  the  resulting  contraction 
represents  the  excitation  aroused  at  the  positive  pole.  Hence  in  con- 
nection with  the  electrical  positive  and  negative  electrodes  we  find.  <a  a 
closing  contraction  that  is  positive  or  anodal  the  result  of  changes  in  con- 
nection with  the  physiological  negative  pole  under  the  physical  positive 
pole;  (b)  an  opening  contraction  that  is  positive  or  anodal  the  result  of 
changes  in  connection  with  the  physiological  positive  pole  under  the 
physical  positive  pole;  (c)  a closing  contraction  that  is  negative  or  katho- 
dal  the  result  of  changes  in  connection  with  the  physiological  negative  pole 
under  the  physical  negative  pole;  (yl)  an  opening  contraction  that  is  neg- 
ative or  kathodal  the  result  of  changes  in  connection  with  the  physical 
negative  pole. 

(2)  Having  discussed  the  relative  conditions  that  determine  the  value 
of  the  excitant,  especially  in  connection  with  the  electric  stimulus,  we 
must  now  discuss  the  conditions  which  are  at  the  basis  of  the  irritability 
of  muscle  and  nerve.  The  other  excitants  arc  determined  by  similar 
conditions  depending  on  strength,  intensity,  density  and  duration  of  the 
irritation  and  also  dependent  on  the  suddenness  with  which  the  irritation 
is  applied  and  the  direction  in  which  the  application  of  it  takes  place. 
The  different  irritants  affect  the  nerve  and  muscle  differently  so  that 
special  conditions  arise  in  connection  with  the  relation  of  the  irritation  to 
the  excitement  of  the  nerve  or  muscle,  in  other  words  producing  alteration 
in  muscle  and  nerve  irritability.  Connected  with  the  power  to  excite  is 
the  power  to  alter  irritability  by  intensifying  it,  the  state  of  excitation 
corresponding  with  heightened  excitability.  In  the  case  of  bioplasm  the 
irritability  depends  on  the  cell  constitution  and  very  slight  alteration  in 
this  constitution  whether  physical  or  chemical  or  both  modify  the 
structure  and  produce  a change  in  irritability.  Hence  by  increasing  the 
irritability  there  is  an  excitation  of  the  bioplasm.  Therefore  we  have  (a) 
alteration  in  irritability  and  (b)  following  from  this  changes  produced 
which  correspond  with  the  irritation  of  the  muscle  or  nerve. 

Changes  in  irritability  dependon  certain  conditions.  These  conditions 
involve  the  four  forms  of  stimuli  already  discussed  in  connection  with 
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muscle  and  nerve,  the  mechanical,  thermal,  chemical  aiul -.electrical.  A 

mechanical  blow  or  a twist  or  cut  irritates  both  muscle  and  nerve.  If  the 
ulnar  nerve  is  stimulated  at  the  elbow  by  a mechanical  blow  the  stimula- 
tion is  at  once  taken  up  by  a sensory  nerve  and  produces  irritation.  In 
the  case  of  a motor  nerve  of  a frog-  laid  bare  Tigerstedt  estimates  that 
7,000  mg-m.  mms.  represent  the  maximal  mechanical  force  necessary  to 
stimulate,  representing-  a very  much  less  force  than  that  g-enerated  in  the 
muscle  by  the  stimulation.  If  the  stimulation  takes  place  not  too  frequently 
many  such  stimuli  mav  be  imparted  to  the  nerve  without  tetanic  chang-es, 
it  being-  estimated  that  30  times  at  intervals  of  four  minutes  a nerve  can 
be  excited  without  such  tetanus,  but  if  the  mechanical  blows  rapidly  fol- 
low each  other  the  tetanometer  indicates  that  a series  of  muscle  contrac- 
tions follow  which  become  blended  tog-ether  resulting-  in  tetanus.  By  the 
use  of  mechanical  irritation  there  is  a temporary  increase  of  irritability 
in  the  case  of  muscle  and  nerve  soon  followed  by  a decrease  and  finally  by 
a loss  of  irritability.  Hence  compression  increases  the  power  to  respond 
to  stimulation  but  if  continued  it  lessens  and  destroys  it.  Similarly  the 
tension  of  a nerve  first  increases  and  then  decreases  the  power  of  re- 
sponse, the  external  sheath  in  this  case  pressing-  upon  the  axis  cylinder. 
ri  igerstedt  states  that  tension  up  to  20  grams  increases  irritability  above 
that,  it  decreases.  This  principle  is  utilized  in  the  destruction  of  nerves 
but  regeneration  may  take  place  later.  Muscular  irritability  is  increased 
by  medium  tension  and  destroyed  if  it  becomes  excessive.  This  is 
evident  in  connection  with  the  tension  of  any  of  the  muscles  of  the  body 
which  become  much  more  liable  to  irritation  in  this  condition. 

Thermal  chang-es,  if  these  chang-es  are  rapid  and  extreme,  produce 
nerve  and  muscle  irritation,  hence  the  rapid  freezing-  or  placing-  in  very 
hot  water  of  a muscle  or  nerve  produces  excitation  resulting-  in  muscular 
contraction.  If  the  arm  is  placed  in  cold  water  as  soon  as  the  water  pene- 
trates the  tissues  and  reaches  the  nerve  there  is  stimulation  resulting-  in 
a feeling-  of  pain,  followed  by  a numb  feeling-  which  represents  the  lessen- 
ing- of  irritability  and  its  gradual  loss.  If  on  the  other  hand  the  cooling-  or 
heating-  takes  place  gradually  there  is  no  excitation,  even  if  the  cooling  or 
heating  are  carried  to  the  extent  of  destroying  the  vitality  of  the  sub- 
stance. Hence  in  the  case  of  a brainless  frog  it  is  said  that  if  placed  in  a 
vessel  of  water  gradually  heated  to  the  boiling-  point  no  movements  will  be 
noticed,  indicating  that  no  irritation  takes  place.  Hence  this  is  called 
thermal  rigor  which  in  the  case  of  frogs  takes  place  about  45  degrees  and 
in  the  human  subject  about  51.  Hence  to  raise  the  body  temperature  or  to 
lower  the  body  temperature  increases  or  decreases  the  irritability,  the 
heat  and  cold  if  excessive  and  continued  for  a long  time  having-  the  effect 
first  of  lessening  and  then  destroying- the  irritability.  There  is  a differ- 
ence however  between  extreme  heat  and  cold,  in  the  former  case  the 
chemical  alterations  are  increased  so  that  there  is  little  power  of  resis- 
tance lei t in  the  tissue,  while  in  the  latter  the  chemical  alterations  arc 
lessened  and  there  is  an  increased  power  of  resistance.  Hence  the  cool- 
ing of  the  muscle  or  nerve  tends  to  preserve  irritability  provided  that  it  is 
not  extreme  or  long  continued. 

When  the  composition  of  muscle  and  nerve  is  altered  there  is  a corres- 
ponding alteration  in  its  irritability,  hence  to  remove  a muscle  or  nerve 
,rom  the  body  and  place  it  in  a foreign  fluid  or  to  inject  a foreign  fluid 
mto  the  circulation  through  the  muscle  results  in  altered  irritability. 
1 his  is  particularly  noticeable  if  an  excess  of  salts  is  present-while  theab- 
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sence  or  presence  of  protcid  substance  does  not  seem  to  affect  them  ma- 

tenally. , In  the  case  of  dogs  the  effect  is  noticed  in  a temporary  increase 
ot  irritability  followed  by  a lessening  of  irritability,  motor  nerves  being 
more  liable  to  alteration  in  this  respect  than  sensory.  If  the  change  is 
1 apul  theie  is  excitation  but  if  slow  there  is  none.  Increased  irritability 
is  often  associated  with  excitation,  the  muscle  exhibiting  quick  contrac- 
tions as  the  nerve  fibres  become  more  or  less  affected.  The  injection  of 
water  into  the  circulation  produces  stimulation  resulting  in  contraction 
after  a tune,  irritability  decreasing;  C02  and  the  acid  phosphates  of  potas- 
sium deci  eases  the  ii  ritability.  NaCl  solutions  of  .6  percent  were  for- 
merly supposed  to  have  no  effect  on  nerve  and  muscle  irritability  but  it 
has  recently  been  found  that  this  produces  increased  irritability  followed 
by  lessened  irritability,  possibly  because  of  the  production  of  C02  or  from 
the  exhaustion  of  other  salts  necessary  to  the  irritabilitv  of  the  tissue. 
In  order  to  mantain  normal  irritability  therefore  there  must  be  a definite 
chemical  composition,  very  slight  alterations  of  the  component  elements 
producing  deviation  from  the  standard  of  irritability.  In  the  lessening  of 
irritability  it  is  noticeable  that  there  always  precedes  it  an  increase  of 
irritability  marking  the  first  deviation  from  the  normal,  exhaustion  soon 
following  and  the  entire  loss  resulting  later. 

As  we  have  seen  by  the  use  of  a constant  current  of  electricity  pass- 
ed through  a muscle  there  is  a single  short  contraction  when  the  current 
enters  and  leaves  the  muscle.  By  the  use. of  a strong  current  when  the 
contraction  leaves  the  muscle  there  is  a lengthened  tetanic  contraction 
and  if  the  current  is  broken  there  is  a lengthened  tetanic  contraction 
following  the  opening  contraction.  As  we  found  before  if  a very  feeble 
current  is  used  there  is  no  noticeable  contraction  although  it  exercises  an 
influence  on  the  muscle  while  passing  through  it.  There  is  a latent  irri- 
tation taking  place  at  the  negative  pole  which  g'ives  rise  to  an  increased 
irritability  of  the  muscle,  when  the  current  is  withdrawn  the  muscle  at 
the  negative  pole  is  exhausted  and  therefore  will  be  lessened  in  irritabil- 
ity. At  the  positive  pole  while  the  current  is  passing  there  is  lessened 
irritability  and  on  removing  the  current  it  manifests  increased  irritabil- 
ity. If  a frog’s  heart  is  taken  and  the  positive  pole  is  placed  on  the  ventri- 
cle while  the  negative  pole  is  placed  at  some  other  part,  at  each  contrac- 
ting of  the  ventricle  there  is  relaxation  at  the  positive  pole  the  result  be- 
ing that  the  part  at  the  positive  pole  is  pressed  out  and  forms  a vesicle. 

The  effects  upon  the  nerve  are  similar  to  these  on  the  muscle  except 
that  when  the  changes  take  place  in  connection  with  the  positive  and 
negative  poles  it  is  not  so  definitely  confined  to  the  local  region  but  there 
is  a greater  spreading  of  the  irritation  in  the  region  between  the  poles. 
Muscle  and  nerve  are  said  to  be  electrotonic  under  the  influence  of  elec- 
tric stimulation,  the  electrotonic  condition  being  marked  in  two  directions, 
physically  manifested  in  changes  in  the  electrical  condition,  and  physio- 
logically in  the  resulting  changes  in  the  irritability  of  the  tissue.  Pfluger 
has  investigated  this  subject  very  fully  and  finds  the  electro-tonicity  great- 
est in  contiguity  to  the  positive  and  negative  poles,  the  diffusion  of 
influence  taking  place  in  all  directions  from  these  points.  'The  change 
taking  place  in'  conection  with  the  positive  pole  we  call  aneWtrotogic  ami 
that  m relation  to  the  negative  pole  katelectrotonic.  These  altered  con- 
ditions of  irritability  are  found  not  only  in  the  nerve  between  the  point  of 
application  and  the  muscle  but  also  towards  the  central  side.  rl  his  elec- 
trotonic condition  is  greater  if  the  nerve  is  in  proper  condition  and  as  the 
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current  becomes  stronger  the  nerve  is  influenced  more  thoroughly  by  it. 
In  the  intervening-  region  between  the  positive  and  negative  poles  there  is 
a point  where  irritability  is  unaffected  because  the  positive  and  negative 
influences  when  excited  extend  a definite  distance,  the  intervening  part 
being  indifferent.  When  the  constant  current  passes  through  muscle  and 
nerve  there  is  an  important  after  affect,  hence  if  during  the  passage  of 
the  current  irritability  is  increased  there  is  a following  decrease  of  irrita- 
bility and  the  reverse  is  also  true.  By  the  closing  of  the  current  irrita- 
tion originates  from  the  negative  pole  and  when  it  is  opened  from  the  pos- 
itive pole,  indicating  that  irritability  has  been  changed,  the  excitation 
being  aroused  only  when  irritability  is  increased  so  that  it  Is  almost  im- 
possible to  distinguish  between  increase  of  irritability  and  excitation. 
Thus  we  find  that  where  irritants  are  brought  into  relation  with  the  mus- 
cle and  nerve  there  is  a change  in  irritability  provided  the  irritant  is 
properly  conditioned.  The  condition  seems  to  be  generally  sufficient 
force  and  sufficient  duration.  In  the  case  of  a muscle  a weaker  irritation 
may  produce  an  effect  on  irritability  if  it  is  produced  frequently.  Thus 
in  the  case  of  muscle  there  may  be  an  accumulation  of  the  after  effects  of 
frequently  and  rapidly  applied  shocks  which  in  the  end  give  a contraction 
although  the  individual  shocks  give  no  result.  When  the  irritations  fol- 
low each  other  with  sufficient  rapidity  the  resulting  effects  cease  to  be 
single  and  form  a series  of  continued  after  effects  called  tetanus,  the  con- 
traction being  greater  than  during  a single  contraction.  This  does  not 
depend  on  heightened  irritability. 

In  maintaining  the  normal  physiological  condition  of  the  muscle  and 
nerve  the  most  important  condition  is  that  of  a regular  and  properly  regu- 
lated supply  of  blood  to  the  tissues.,  In  the  circulation  we  find  the  means 
of  establishing. the  relations  between  different  parts  of  the  body,  in  the  dif- 
fere  nttissues  andalsothe  interchangingmedium  forthe  exchange  of  mater- 
ial. Hence  the  nutrient  matters  including  O are  carried  from  the  alimentary 
organs  and  the  lungs  to  the  different  tissues  of  the  body  and  the  waste 
products  are  carried  off  to  the  organs  of  excretion.  In  connection  with 


th.C  samejvvay  it  provides  the  fluid  exudation  that  moistens  the  different 
tissues,  assisting  and  promoting  the  osmosis  in  connection  with  the  dif- 
ferent tissues  so  as to  man  tain  the  normal  chemical  composition  of  mus- 
cle and  nerve*  Thisjflood  circulation  passing  through  important  chemi- 
cal changes  in  its  progress  through  the  body  has  an  important  bearing-  on 
muscle  and  nerve  irritability.  In  the  muscle  we  find  continuous  changes 
taking  place  resulting  in  the  setting  free  of  energy,  this  energy  varying- 
whether  the  muscle  is  resting-  or  active.  In  order  to  continue  cell  activity 
there  must  be  a constant  replenishing  of  materials,  one  of  the  large  sup- 
plies necessary  being  ()  in  order  to  carry  on  oxidation  in  the  tissues.  If 
we  take  a rabbit  and  ligature  the  abdominal  aorta  the  blood  will  be  kept 
from  circulating  in  the  limbs  and  alsoon  connection  with  the  spinal  cord, 
resulting  in  a paralytic  condition  of  the  lower  limbs  with  the  loss  of  feel- 
ing and  the  loss  of  all  mobility.  This  paralytic  condition  arises  from  the 
destruction  of  the  function  of  the  nerve  cells  in  the  spinal  cord  so  that  no 
stimulation  can  be  aroused  and  no  i m pulscs.com m u n i gated  to  the  muscles/ 
v ery  aapn  if  this  is  continued  the  peripheral  nerves  and  the  muscles  con- 
ti  oiled  by  them  lose  their  irritability,  the  motor 


nerves  giving 


up  iirst. 
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I his  is  found  clearly  in  the  fact  that  by  applying  artificial  stimulation  to 
the  muscle  or  the  sensory  nerves  while  the  muscles  respond  there  is  no 
response  through  the  nerves,  indication  that  the  neuro-muscular  termi- 
lidls  have  ceased  to  be  irritable.  The  relation  between  muscle  and  nerve 
is  very  close  and  this  relation  is  soon  disturbed,  it  being  claimed  that 
within  20  minutes  after  the  ligature  the  muscle  cannot  be  excited  through 
the  nerve  whereas  the  muscle  preserves  its  own  independent  irritabilitv 
lor  six  or  seven  hours.  The  loss  of  muscular  irritability  depends  on  tis- 
sue respiration  so  that  as  soon  as  tissue  respiration  is  interfered  with,  for 
example,  in  the  withdrawal  of  O from  the  muscle,  the  muscle  is  thrown 
upon  its  own  resources  and  these  resources  are  not  available  if  the  mus- 
cle is  clogged  by  the  waste  matters  that  cannot  be  thrown  off  such  as 
CO*  Thus  the  lack  of  O and  the  presence  of  C02  in  the  muscle  lessens 
irritability.  The  relation  of  the  nerves  to  the  blood  supply  is  as  vet  im- 
perfectly understood.  The  nerve  is  closely  connected  with  the  cell  for  the 
trophic  influences.  The  relation  of  the  nerve  to  the  blood  supply  how- 
ever is  of  great  importance.  In  order  to  preserve  nerve  irritabilitv  there 
must  be  a constant  supply  of  fresh  blood  as  the  nerve  fibre  will  not  con- 
tinue irritable  long  if  O is  withheld.  If  a nerve  is  taken  from  the  bodv 
and  preserved  in  O it  mantains  its  irritability  long'er  than  if  kept  in  the 
open  air;  and  if  it  is  kept  in  a mediumfrom  which  O is  extracted  it  rapidly 
loses  its  irritability.  Similarly  the  presence  of  such  waste  matters  as 
COi,  lactic  acid  lessens  irritability.  It  has  been  found  that  it  is  possible 
to  preserve  the  irritability  of  muscle  and  nerve  after  death  by  artificially 
supplying  to  the  muscles  a circulation  of  blood  defibrinated  and  oxygen- 
ated and  kept  moving  in  the  muscle  preserved  at  a normal  temperature 
and  free  from  CO2.  Frey  succeeded  in  preserving  the  vitality  in  the 
muscles  of  a dog  for  seven  hours  in  this  way  and  similar  experiments 
have  been  successfully  made  in  connection  with  the  heart,  the  heart  sup- 
pliediwith  defibrinated  blood  being  kept  pulsating  for  five  hours.  The 
supply  of  blood  to  the  muscle  and  nerve  is  regulated  by  the  needs  of  the 
tissues.  By  the  stimulation  of  the  muscles  to  activity  "the  blood  vessels 
are  distended.  In  the  case  of  muscle  exercise  the  cardiac  and  respira- 
tory activity  are  increased  so  that  there  is  an  increase  of  blood  to  the  tis- 
sues. 

In  connection  with  nutrition  it  is  important  that  the  nerves  and  the 
muscles  regulated  by  them  are  kept  in  close  connection  with  the  central 
nervous  system  because  from  the  central  system  trophic  influences 
emanate.  If  a motor  nerve  is  injured  or  cut  so  that  conductivity  is  suspend- 
ed degeneration  rapidly  takes  place  awav  from  the  central  system.  Every 
motor  fibre  is  a branching  process  from  a motor  cell  in  connection  with 
the  anterior  cornua  of  the  spinal  cord.  If  such  a process  is  cut  off  from 
its  cell  there  is  a temporary  increase  of  excitability  greatest  at  the  point 
of  division,  the  increased  excitability  passing  down  the  nerve  towards  the 
periphery  followed  very  rapidly  bv  a decreased  irritability  in  the  same 
direction.  So  soon  as  the  axis  cylinder  loses  its  normal  chemical  consti- 
tuents the  physiological  structure  begins  to  give  way,  the  result  being 
finally  complete  degeneration  of  the  nerve,  followed  by  the  same  degener- 
ative changes  in  the  motor  plates.  Very  soon  the  muscle  begins  to 
fail  in  irritability  although  no  change  is  noticeable  in  the  physiological 
structure  of  the  muscle.  The  nerve  loses  irritability  in  about  four  days, 
the  motor  plates  in  about  nine  or  ten  days  and  the  muscle  begins  to  show 
lessened  irritability  in  14  days,  after  which  there  is  an  entire  change  the 
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muscle  becoming-  assimilated  to  the  unstriped  muscle  form,  indicated 
by  the  lessened  response  to  induced  electric  and  the  increased  response 
to  mechanical  and  direct  current  stimuli.  This  continues  to  increase 
for  about  40  days  when  the  maximum  is  reached,  after  which  the  irrita- 
bility beg-ins  to  lessen  gradually,  being-  lost  entirely  in  from  three  to 
seven  months.  This  loss  of  irritability  depends  on  degeneration  changes 
both  in  the  muscle  and  nerve  resulting  in  destruction  of  tissue.  Some 
regard  it  in  the  case  of  the  muscle  as  due  to  the  absence  of  stimulation 
trophically  from  the  central  system,  while  others  regard  it  as  due  to 
vaso  motor  disturbance  resulting  in  the  improper  control  of  the  blood  sup- 
ply. The  latter  can  not  be  the  true  view  because  even  when  the  nerves 
of  vaso-motion  are  intact  there  is  the  same  loss  of  irritability  when  the 
motor  connection  is  cut  off.  In  support  of  the  first  view  it  'is  claimed 
that  where  electric  stimulation  is  substituted  the  degenerative  changes 
may  be  postponed  for  a considerable  time.  The  trophic  influence  of  the 
central  nervous  system  certainly  has  something  to  do  with  muscle  tonici- 
ty and  the  preservation  of  the  balance  of  the  katabolic  and  anabolic 
changes  of  the  muscles. 


When  the  muscles  are  active  they  may  be  over-exerted  and  this  may 
result  in  fatigue.  This  fatigued  condition  is  characterized  by  the  dimin- 
ished irritability,  diminution  in  the  muscular  contraction  and  lessened 
energy  with  a much  greater  diminution  of  the  rate  of  contraction  and  re- 
laxation. Any  cause  that  produces  any  of  these  results  may  be  called  a 
producing  cause  of  fatigue  but  the  term  is  limited  to  that  condition  which 
results  from  excessive  activity  resulting  in  over  exertion,  the  after  effect 
being  fatigue.  In  the  case  of  over  exertion  the  results  are  very  much 
the  same  as  those  found  associated  with  the  muscle  and  nerve  when 
through  excessive  stimulation  there  is  a loss  of  irritability  and  a diminish- 
ed power  of  responding  to  stimulation.  Hence  fatigue  represents  a con- 
dition which  is  analogous  to  that  induced  in  the  muscle  and  nerve  by 
ligaturing  the  blood  circulation.  The  active  cell  sets  free  energy  on  the 
basis  of  the  supply  of  nutrient  matters  including  O so  that  as  the  oxida- 
tion changes  take  place  resulting  in  the  throwing  off  of  the  waste  matters 
there  is  activity  developed.  Hence  in  the  case  of  fatigue  there  are  two 
phases  in  the  production  of  it,  the  lack  of  energy  producing  substances 
and  the  accumulation  of  retarding  elements  in  the  waste.  The  cell  acti- 
vity depends  on  the  supply  of  nutriment  so  that  if  this  supply  is  readily 
exhausted  then  the  fatigued  condition  soon  comes  on.  By  the  strong-  and 
lapid  contraction  of  a muscle  this  exhaustion  takes  place  readily,  whereas 
if  the  contractions  are  short  and  less  vigorous,  at  greater  intervals  be- 
tween the  contractions,  then  the  endurance  is  greater  and  the  fatigue  is 
postponed.  In  the  case  of  the  heart  we  find  normally  about  72  contrac- 
tions taking  place  per  minute  and  yet  although  these  arc  kept  up  con- 
tinuously during  life  there  is  no  fatigue  or  exhaustion  resulting.  This  is 
accounted  for  by  the  face  that  after  each  of  the  systolic  contractions  there 
is  a comparatively  long  diastolic  rest  during- which  the  muscle  is  able  to  re- 
covei  its  normal  irritability.  By  taking  the  abductor  muscle  it  has 
jeen  found  that  contraction  taking  place  slowly  and  without  any  strain 
can  be  continued  bv  lifting  a small  weight  in  connection  with  the  finger 
almost  10,000  times  inside  three  hours  without  inducing  any  fatigued  con- 
< ition  of  the  muscles.  By  either  increasing  the  rapidity  of  contraction 
or  the  amount  of  the  weight  producing  the  contraction  it  is  found  that 
e muscle  becomes  very  quickly  exhausted.  In  this  case  with  the  in- 
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l i case  of  the  weight  the  contraction  periods  become  briefer  and  the  re— 
ting- period  is  also  lessened  so  that  the  muscle  has  no  time  to  recover  it- 
self from  the  effects  of  the  contraction  activity.  Mosso  has  found  that  in 
the  case  of  each  muscle  there  is  an  individual  coefficient  of  endurance  so 
that  a definite  amount  of  force  m connection  with  the  contraction  and  a 
definite  period  ol  duration  for  the  contractions  arc  necessorv  in  order  to 
sustain  the  normal  irritability  and  prevent  fatigue.  If  either  the  force 
pioducing  the  contraction  is  increased  or  the  period  intervening  between 
contractions  is  lessened  then  there  is  lessened  capacity  for  work  and  con- 
sequently  fatigue  results.  In  the  case  of  walking  exercise  we  find  that 
different  muscles  are  brought  into  play  so  that  while  time  is  given  to  one 
set  of  muscles  for  rest  during  the  activity  of  the  other  set  of  muscles  there 
is  an  equilibrium  preserved  between  the  two  sets  of  muscles.  Even  here 
however  there  is  a limit  to  endurance  because  after  a definite  time  the 
muscles  become  exhausted  and  not  only  the  muscles  that  are  especially 
active  but  other  muscles  that  seem  to  be  kept  quiet,  as  for  example  the 
muscles  of  the  arms,  beg'in  to  yield  to  the  lessened  irritability. 

1 his  seems  to  point  to  the  fact  that  fatigue  while  it  may  be  local  is 
rather  general  than  local.  This  is  easily  understood  if  we*  remember 
that  thei  eai  e two  forms  of  direct  connection  in  the  case. of  all  the  muscles, 
namely  the  circulation  of  the  blood  and  the  nervous  connection.  Bv  the 

cumulation  of  the  blood_eyery  minute  part  of  the  muscular  system  is. 
closely  connected  with  every  other  part.  In  circulating  through  the  sys- 
tem the  blood  carries  materials.to  the  different  tissues  and  if  tlie.  ni.al.cXr 
ials  are  taken  from  the  blood  by  one  muscle  these  cannot  be  left  for  the 
other  muscles.  The  same  thing  is  true  of  the  waste  products  given  off 
by  an  over  active  part  of  the  body  so  that  the  blood  establishes  a sympa- 
thetic relation  between  all  the  different  muscles  whether  active  or  res- 
ting.  This  is  increased  if  we  remember  that  the  nervous  system  pre- 
sides over  the  changes  in  the  muscle,  the  circulation  and  distribution  of 
the  blood,  so  that  any  changes  in  one  part  of  the  muscle  system  have  a 
bearing  upon  the  entire  body  through  the  close  nervous  connection  of  all 
the  parts.  It  has  been  found  in  the  case  of  soldiers  when  required  to 
make  very  long  and  tedious  marches  that  it  is  not  sufficient  to  keep  them 
well  supplied  with  food,  for  this  will  not  compensate  for  the  body  loss 
through  overexertion.  The  taking  of  food  only  partially  recovers  the  fa- 
tigued muscles  rest  being  as  necessary  as  fond  Mosso  claims  that  this 
is  clue  to  the  accumulation  of  the  waste  products  in  the  <3y<d-pm-  tlmo  ljo-~ 


nig  necessary  to  remove  these  in  connection  .with  the  blood  circulation. 
Taking  a dog  that  was  fatigued  he  withdrew  a certain  volume  of  blood 
from  its  circulation  replacing-  it  by  an  equal  amount  of  blood  from  a res- 
ting dog  finding  no  appreciable  effects;  he  then  took  the  blood  from  the 
fatigued  dog  and  put  it  into  the  resting  animal  and  found  that  in  the  case 
of  the  resting  dog  all  the  evidences  of  fatigue  were  present  and  sleep  was 
induced.  Hence  he  concluded  that  the  cviistvninn.Mv  fnnn  muscle 

passing  into  the  blood  cir.cula.tion  affect  the  Irritability  of  all  the  muscles 
of  the  body.  Mappiora  continuing  Mosso’s  work  has  found  that  when 
special  sets  of  muscles  are  fatigued  the  supplying  of  food  does  not  restore 
irritability  in  these  muscles  but  that  rest  is  also  necessary.  He  found  in 
the  case  of  the  arm  exhausted  in  lifting  weights  that  about  two  hours  is 
sufficient  to  restore  the  exhausted  muscle  to  its  normal  condition.  He 
also  found  that  by  increasing  the  circulation  of  the  blood  and  lymph  by 
the  use  of  massage  the  restoration  of  the  muscles  took  place  more  rapidly 
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Here  we  find  the  physiological  significance  of  the  Lomi-lorai  of  the  Sand- 
wich Islands.  Lying  down  on  a mat  the  muscles  are  worked  over  by 
strong  hands  not  vigorously  but  slowly,  from  head  to  foot,  all  the  tired 
muscles  being  kneaded  in  such  away  as  to  promote  a free  circulation  of  the 
blood  and  with  it  a free  carrying  away  of  the  fatigue  products. 

This  seems  to  indicate  that  when  the  muscles  are  fatigued  they  are 
not  able  to  give  off  with  sufficient  rapidity  the  waste  product,  even 
though  the  blood  circulation  is  increased  during  the  activity  of  the  mus- 
cle. This  however  may  be  due  to  the  fact  that  vaso-motion  alters  the 
muscle  condition  and  especially  the  condition  of  the  muscle  walls  of  the 
blood  vessels  as  soon  as  activity  in  the  muscle  ceases.  During  muscle  ac- 
tivity thenerve  impulses  of  vaso-dilatation  distend  the  arterial  walls  permit- 
ting a free  circulation,  but  as  soon  as  the  muscles  become  inactive  these 
impulses  cease  to  be  sent  to  the  vessel  walls  and  the  result  is  that  the  vaso- 
constriction impulses  contract  the  vessel  walls  so  that  the  blood  circula- 
tion is  diminished.  In  ordinary  circumstances  this  is  sufficient  but  when 
the  muscles  are  exhausted  then  we  find  that  the  circulation  is  not  suffici- 
ently great  to  carry  off  the  waste.  In  normal  conditions  the  muscles 
never  become  exhausted.  When  the  muscles  are  overexerted  stimulating 
impulses  are  sent  up  to  the  nerve  centers  and  a greater  demand  is  made 
upon  these  nerve  centers,  with  the  result  that  the  nerve  centers  are  more 
quickly  exhausted  than  the  muscles.  While  the  nerve  cells  become  ex- 
hausted more  rapidly  they  also  more  rapidly  recover  their  normal  irrita- 
bility so  that  they  can  act  upon  the  muscles  again.  This  represents  one 
of  the  advantages  in  the  difference  between  nerve  and  muscle  irritability 
and  endurance.  If  the  nerve  irritability  lasted  longer  than  muscle  irrita- 
bility then  the  nerve  impulses  wrould  continue  to  draw  on  the  muscles  un- 
til complete  exhaustion  took  place,  whereas,  the  nerve  economizes  muscle 
irritability  by  more  readily  using  up  its  own.  It  is  for  this  reason  that 
when  muscle  irritability  is  being  lessened  there  is  associated  with  the 
muscle  a feeling  of  pain  representing  nervous  exhaustion  and  indicating 
the  danger  mark  in  the  case  of  effort,  so  that  as  it  requires  a greater  ef- 
fort to  continue  the  muscular  work  there  is  the  tendency  to  cease  work- 
ing and  give  an  opportunity  to  muscle  and  nerve  to  recuperate.  If  the  ac- 
tive effort  of  the  muscles  is  prolonged  beyond  this  period  then  there^is 
produced  a condition  in  the  muscle  that  requires  a long  period  for  re- 
covery. 

Not  only  is  muscle  exhausted  but  every  form  of  bioplasm  is  subject- 
ed to  exhaustion  by  long  continued  and  frequent  application,  resulting 
in  the  lessening  of  irritability  and  the  loss  of  a certain  amount  of  function- 
ality. In  the  case  of  a nerve  while  it  is  true  that  a condition  of  fatigue  is 
induced  it  seems  that  the  fatigued  condition  does  not  represent  the  same 
state  of  matters  in  the  nerve  as  we  find  in  the  muscle.  Muscle  activity  is 
represented  by  contraction  while  contractility  does  not  characterize  the 
nerve.  Neural  work  consists  chiefly  in  conductivity  so  that  the  working 
condition  of  the  nerve  represents  the  transmission  of  impulses.  By  the 
application  of  irritants  to  the  nerve  the  nerve  irritability  may  be  changed 
but  where  this  is  produced  in  the  nerve  it  does  not  correspond  with  fa- 
tigue but  rather  depends  on  the  change  takingplace  in  the  molecular  substan- 
ce of  the  nerves.  Hence  if  fatigue  takes  place  in  the  nerve  it  seems  to  take 
place  from  .the  nerve  cells,  the  fibres  being  regarded  as  processes  from 
the  nerve  cells  and  therefore  whatever  influences  the  cell  will  influence 
the  fibre,,  We  know  that  the  nerve  cells  become  fatigued  by  the  action  of 
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stt-onf?  and  oft  repeated  stimulations  so  that  it  is  reasonable  to  suppose 
mV'  .™aus^lon  ^le  nerve  takes  place  in  connection  with  the  cells 
\V  hde  it  is  true  that  fatigue  is  characteristic  of  muscle  and  nerve  tissue 
all  kinds  of  tissue  do  not  become  subject  to  fatigue  to  the  same  extent. 
Hence  some  forms  of  tissue  can  liberate  energy  for  a long  time  without 
showing  signs  of  exhaustion.  This  represents  the  first  step  in  the  fail- 
ure of  irritability,  namely,  when  the  tissues  begin  to  lag  in  response  to 
stimulation. 

T.  his  law  has  been  laid  down  that  the  greater,  the  irritability-  thr- 
smaller  the  endurance  of  the  muscle.  When  the  irritability  is  heightened 
there  is  a greater  amount  of  energy  set  free  on  irritation,  leading  sooner 
to  exhaustion.  Hence  in  the  case  of  a rabbit  the  white  striped  muscle 
responds  very  rapidly  to  irritation  and  is  soon  exhausted,  while  the  red 
unstriped  muscle  responds  very  slowly  and  lasts  longer.  Even  the  same 
muscles  in  different  individuals  possess  different  degrees  of  irritability 
and  endurance  this  being  due  largely  to  the  use  or  non-use  of  the  muscles. 
Hence  use  of  muscles  within  normal  limits  increases  the  strength  of  the 
muscle  and  also  its  endurance.  This  is  due  largely  to  the  fact  that  where 
the  muscle  is  in  active  use  the  circulation  is  more  perfect  so  that  by  the 
efficiency  of  the  circulation  the  muscle  cell  becomes  educated  to  a quicker 
and  more  refined  activity  in  utilizing  the  nutritive  materials  and  throwing 
off  waste.  Muscular  exercise  produces  an  increased  growth  of  muscle 
fibre  and  also  introduces  greater  mechanization  in  muscle  metabolism  so 
that  greater  economy  is  found  in  the  use  of  material  and  in  the  liberation 
of  energy.  In  the  case  of  nerve  cells  any  kind  of  work  tends  to  exhaust 
the  stored  up  energy  and  to  induce  fatigue.  Hodge  killed  cats  after  a 
day  of  activity  and  others  in  the  morning  after  a night’s  rest  finding  that 
the  nerve  cells  of  the  former  were  much  smaller  than  those  of  the  latter. 

There  is  a closer  relation  between  fnuscle  fatigue  and  the  fatigue  of 
the  central  nervous  system  than  is  commonly  supposed.  Donaldson 
says,  “in  the  last  stage  of  extreme  fatigue  it  is  the  nerve,- cell  not  the  mus- 
cles which  are  exhausted.”  The  energetic  activity  of  the  muscle  has  a 
rhythmic  variation  during  the  day  depending  on  the  control  of  the  central 
nervous  system,  hence  at  certain  times  there  is  attained  a maximum  in 
th§  energetic  capacity  of  the  muscles.  According  to  the  experiments  of 
Lombard  the  maximum  is  from  about  ten  to  eleven  a.  m.  and  p.  m.  and 
the  minimum  from  about  three  to  four  a.  m.  and  p.  m.  This  fact  of  fati- 
gue has  an  important  bearing  on  exercise  and  its  value  in  strengthening- 
muscle  and  nerve.  Halleck  says,  “nutrition  of  the  best  kind  depends  on 
the  state  of  antecedent  fatigue.”  If  the  muscles  or  nerves  have  been  ex- 
ercised up  to  the  point  of  fatigue,  not  to  over  exertion,  they  are  in  . the 
best  condition  for  being  nourished.  Both  nerves  and  muscle  should  be 
exercised  to  the  point  of  fatigue  so  as  to  be  in  good  shape  for  assimila- 
ting nutriment  and  building  up  the  tissues.  The  bearing  of  irritability 
on  exercise  has  not  yet  been  fully  investigated.  Each  tissue  whether 
muscle  or  nerve  has  its  own  modulus  of  irritability  and  the  exercise  of 
this  irritability  if  not  carried  to  the  point  of  exhaustion  has  an  important 
bearing  on  the  development  and  strengthening  of  irritability.  And  here 
the  central  system  has  a greater  influence  on  the  irritability  of  muscles 
than  we  can  yet  explain  because  the  ex  erciseof  the  muscles  involves  the 
exercise  of  the  nerve  cells.  Hence  for  training  not  only  must  there  be  a 
careful  muscle  training  but  also  a careful,  well  proportioned  and  adequate 
nerveoustraining.  Therelation  is  so  close  between  the  musclcsand nerves, 
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especially  in  the  sensory  and  motor  end  organs,  that  no  influence  can  af- 
fect the  one  without  affecting  the  other. 

As  use  and  exercise  tend  to  strengthen  the  muscles  and  nerves  so  dis- 
iusg_ tends  to  weaken  them-  This  applies  to  the  body  as  a whole  or  to  the 
individual  parts,  so  that  a resting  limb  or  a resting  body  becomes  en- 
feebled through  enforced  rest.  This  arises  partly  from  the  fact  that  the 
blood  ^circulation  is  diminished  and  partly  from  the  inherent  muscle  pro- 
perties that  give  a response  only  to  stimulation,  muscle  activity  not  being 
in  any  sense  automatic  or  auto-motor.  Hence  muscle  irritability  mgy  be 
intensified  or  preserved  for  a considerable  length  of  time* 'when  lessened, 
by.  and  normally  it  may  be  said  to  depend  on,  (1)  an  increased  blood  flow. 
By  dividing  the  lumbar  nerve  on  one  side  of  a frog  the  vaso-motor  fibres 
become  paralyzed  and  the  capillaries  are  distended,  resulting  in  increased 
irritability  on  the  side  of  of  injury.  . Similarly  by  dividing  the  medulla  on 
one  side  there  is  an  increased  volume  of  blood  to  the  brain,  resulting  in  in- 
creased irritability  and  this  extends  to  one  half  of  the  body.  The  adequacy 
of  the  blood  flow  determines  the  normal  irritabilty.  The  better  the  cir- 
culation, the  freer  the  removal  of  waste,  the  more  perfect  the  irritability. 
The  relation  of  the  circulation  of  the  blood  to  irritability  has  been  illus-* 
trated  by  B r o w n-S e quar th  Thirteen  and  one-half  hours  after  the  decapi- 
tation of  two  men  when  rigor  mortis  had  set  in,  he  injected  fresh  human 
dehbrinated  blood  into  the  arteries  of  one  hand  allowing  it  to  flow  into  the 
veins;  reiniections  wex£_jma.d.e.  from  time  to  time  during  the  next  half 
hour,  with  the  result  that  excitability  returned  in  the  muscles  of  the  hand, 
only  two  of  the  mu_scl.es  not  being  excitable. 

(2)  Wh£n_a^musclejs  exhausted  a period  of  inactivity  or  rest  will  re- 
cuperate the  muscle  and  restore  its  irritability.  Rest  is  so  necessary 
that  if  a muscle  does  not  enjoy  rest  it  will  soon  become  everexerted.  (3) 
The  presence  of  O is  necessary  in  order  to  preserve  irritability.  If  a 
limb  is  entirely  cut  off  from  its  connection  with  the  body  and  a volume  of 
oxygenated  blood  is  injected  into  it  irritability  will  be  increased.  The 
exhaustion  takes  place  more  rapidly  in  the  nerve  than  in  the  muscle  for 
after  the  nerve  ceases  to  give  any  response  there  will  be  a response 
given  by  the  muscle.  The  modification  of  the  irritability  in  the  muscle 
and  nerve  depends  as  we  have  seen  on  a number  of  circumstances  all  of 
which  are  associated  with  the  vitality  of  muscle  and  nerve  If  a muscle 
inside  the  body  is  deprived  of  its  blood  supply  by  ligaturing  the  vessels 
there  is  a gradual  diminution  of  irritability  and  finally  the  characteristic 
rigor  mortis  condition  is  induced.  When  the  blood  supply  is  rut  nff  by 
the  cessation  of  the  circulation  the  same  result  follows.  In  connection 
with  the  rigor  mortis  condition  we  find  a regular  order  in  its  coming  on  in 
connection  with  the  muscles  first  it  appears  in  the  muscles  of  the  jaw  and 
neck,  next  in  those  ok  the  trunk,  next  in  those  of  the  arms  and  legs. 

1 he  rapidity  with  which  this  rigor  mortis  comes  on  after  death  depends 
on  the  condition  of  the  body  and  the  external  circumstances,  for  example 
the  warmth  of  the  external  atmosphere  hastens  it  while  cold  delays  it, 
^4)  Stjmujation  either  in  the  case  of  feeble  shocks  or  of  a continuous 
leeble  electric  current  passed  through  the  muscle  longitudinally-  will  aid 
in  preserving  and  in  securing  irritability.  (5)  Temperature  has  a great 
e fleet  on  irritability  and  on  the  muscle  contraction,  the  maintenance  of 
the  normal  temperature  assisting  in  preserving  irritability.  Diminution 
o n i itability  may  accompany  an  increase  of  temperature  above  a certain 
standard.  i — ^ . ..  .._u 


Sudden  heat  or  cold 


brought 
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"eJ !'Vp  a|'ts.  as  a stimulant,  for  example,  jf  a muscle  is  gradually  t„ 

li  o l thei  e may  be  no  stimulation  but  as  soon  as  it  reaches  51  degrees  in 
the  mammalian  muscle  there  is  thermal  rigor  resulting  from  a forcible 
contraction.  A moderate  degree  of  heat  assists  in  preserving  the  irri- 
tability of  muscle  and  nerve  by  favoring  the  molecular  pro,  , As  a 

remltjmntig^tion  is  secured  more  rapidly  because  of  the  rapid  chemical 
changes  taking  place  and  as  the  materials  to  supply  the  muscle  are  rapid- 
ly exhausted  there  is  a quick  loss  of  irritability.  If  cold  is  applied  grad- 
ually to  a nerve  there  are  different  results  depending  on  the  nature  of  the 
stimulation,  all  the  molecular  processes  being  retarded,  so  that  the  undul- 
atory  nervous  impulse  is  diminished  and  the  rate  of  conductivity  is  also 
diminished.  (6)  The  functional  use  of  the  muscle  promotes  irritability. 
If  a muscle  is  not  used  it  degenerates  but  if  it  is  used  inside  normal  limits 
it  grows.  This  indicates  that  muscle  nourishment  is  improved  by  func- 
tional use.  This  may  be  partly  due  to  the  increased  circulation  of  blood 
that  is  found  when  a muscle  contracts.  By  the  stimulation  of  a nerve  to 
a muscle  dilatation  of  the  blood  vessels  takes  place!  Hence  "during  con- 

traction more  blood  IsTcausea  to  flow  through  the  m u sc  1 e amdthis  increase 
of  blood  continues  Oven  after  the  contraction  has  ceased.  Aside  from 
this,  however  the  exhaustion  that  results  from  contraction  seems  to  o-ive 
rise  to  a reaction  that  assists  the  nutrition  of  the  muscle.  This  form's 
the  principal  reason  why  in  the  use  of  a muscle  it  is  increased,  in  other 
words,  the  loss  that  is  sustained  is  compensated  for  by  the  increased 
muscle  metabolism  that  takes  place  while  the  muscle  is  in  a resting  con- 
d it  ion.  As  we  have  seen  when  a muscle  has  been  actively  used  its  irrita- 
bility is  diminished  but  this  is  only  temporary  because  the  functional  ac- 
tivity promotes  the  further  development  of  the  muscle.  In  the  case  of  a 
motor  nerve  it  seems  to  be  almost  impossble  to' induce  fatiguiTTW'stimu- 
lation.  When  an  animal  is  given  curari  stimulation  of  the  sciatic  nerve 
may  take  place  without  interruption  for  several  hours  without  any  loss  of 
irritability.  The  muscles  do  not  contract  because  the  curari  protects 
them  from  the  influence  of  stimulation,  but  when  the  curari  effect 
passes  away  contractions  begin  in  connection  with  the  stimulation  of  the 
sciatic,  indicating  that  the  sciatic  nerve  has  not  become  exhausted.  In 
the  case  of  the  nerve  the  molecular  processes  which  are  at  the  ba^is  of 
nerve  commotion  are  of  such  a character  that  so  soon  as  one  impulse  has 
been  developed  the  nerve  substance  is  capable  of  developing  a new  im- 
pulse. TheJLeeling  of  fatigue  is  complex  both  in  its  origin  and  in  its 
nature.  Possibly  it  originates  in  connection  with  certain  changes  in 'the 
muscles  butTt  certainly  is  increaseffiry  the  action  of  the  nervous  mechirrr- 
ism  and  especially  by  the  connection  of  the  central  nervous  system.  This 
indicates  that  the  fatigue  is  not  localized  entirely  in  the  muscles,  as  in  the 
case  of  a tired  individual  there  is  still  capacity  for  work  in  connection  with 
overexertion,  the  recovery  taking  place  in  connection  with  the~~normal 
blood  renewal  and  the  normal  rest  of  the  muscle.  If  the  contractions  fol- 
low each  other  quickly  the  exhaustion  is  more  complete.  When  the 
muscles  become  exhausted  there  is  a diminution  of  elasticity  as  the  fa- 
tigued muscle  does  not  return  very  readily  to  its  normal  condition.  This 
fatigue  that  arises  in  connection  with  contraction  may  be  produced  either 
by  the  using  up  of  the  stored  up  material  found  in  connection  with  the 
muscle  or  by  the  accumulation  of  certain  products  of  contraction  in  the 
muscle.  During  the  restoration  of  the  normal  muscle  condition  there 
are  certain  internal  changes  in  connection  with  which  new  materials  are 


IRRITABILITY  OF  MUSCLE  AND  NERVE. 


462 


formed  and  the  waste  products  are  thrown  off.  It  is  in  connection  with 
this  restorative  process  that  fresh  blood  and  sufficient  oxygen  are  neces- 
sary. 

The  diminution  of  irritability  or  its  destruction  may  be  accomplished, 
(1)  bv  the  stoppage  of  the  circulation;  (2)  by  the  overexhaustion  of  the 
muscle;  (3)  by  the  presence  of  large  quantities  of  foreign  substances, 
such  as  C02,  lactic  acid,  phosphate  of  lime,  etc.;  (4)  by  a temperature 
thjit  is.much  below  or  above  the  normal  body  temperature.  Atempera- 
approaching  zero  C lessens  irritability  but  does  not  destroy  it.  A high 
temperature  approaching  30  degrees  C increases  irritability,  produces 
fatigue  and  if  it  reaches  35  degrees  C in  the  case  of  a frog’s  muscle  it  is 
found  that  irritability  is  entirely  lost.  When  the  circulation  is  stopped 
and  the  nerves  cease  to  exert  an  influence  on  the  muscle  irritability  is 
lost  soon,  the  periods  varying  from  a few  hours  to  several  days.  During 
life  irritability  may  diminish  for  weeks  and  then  gradually  disappear, 
while  after  death,  in  the  case  of  the  human  subject,  it  usually  disappears 
in  four  or  five  hours,  although  in  some  cases  it  has  continued  for  24  hours, 
the  cardiac  muscle  being  the  last  to  yield  up  its  irritability. 

In  connection  with  the  sensitive  fibres  the  irritability  of  these  fibres 
manifests  itself  in  the  sensation  that  is  associated  with  the  nerve  centers. 
The  result  of  the  stimulation  of  sensory  fibres  has  not  been  very  fully  in- 
vestigated but  it  seems  to  be  regulated 'by  the  same  laws  which  regulate 
motor  nerves.  If  a sensory  nerve  is  stimulated  the  effect  must  be  deter- 
mined by  the  stimulation  that  results.  In  the  case  of  the  motor  nerve 
the  electric  condition  may  be  associated  with  resulting  contraction  in  the 
muscle;  similarly  by  the  stimulation  of  the  sensory  nerve  there  may  or 
may  not  be  a resulting  sensation,  the  nature  of  the  sensation  being  liable 
to  very  great  variation.  In  order  to  secure  a definite  result  in  sensation 
two  conditions  seem  to  be  necessary,  (a)  there  must  be  p connection  hp- 
UmmJffie  nerve  and  the  nerve  center;  and  (b)  there  must  be  irritability 
m the  nerve.  Irritability  in  the  sensory  nerve  may  be  so  lessened  bv 
pressure  or  by  the  results  of  chemical  or  thermal  stimulation  that  no  re- 
sult can  be  secured  by  the  application  of  stimuli.  In  the  case  of  the  ulnar 
nerve  it  has  been  found  that  to  apply  extreme  cold  at  the  elbow  results  in 
the  complete  loss  of  sensibility  in  the  part  supplied  by  the  nerve.  Irrita- 
bility in  a sensory  nerve  may  be  lessened  by  injury,  as  for  example  the 
division  of  certain  portions  of  the  brain  or  of  the  spinal  cord  may  result  in 
the  loss  of  sensation  in  special  parts  of  the  body  and  these  may  disappear 
in  a short  time.  It  has  been  found  that  by  the  division  of  one  sensory 
nervetheremay  result  thesuspensionof  sensory  fibres  in  contiguous  nerves. 

1 here  may  be  also  an  increase  of  irritability  in  a sensory  nerve  by  injury 
or  by  a large  blood  supply  amounting  to  a congested  condition.  FoiLex- 
amplc  the  cutting  off  of  the  blood  supply  by  ligaturing  the  arteries  may, 
lirstjfiqall,  produce  in  the  nerve  an  abnormal  excitability  evidenced  in 
pain  aiiiLtjien  later  produce  the  loss  of  sensation.  The  presence  of  irrita- 
bility in  sensory  nerves  during  life  is  manifested  in  sensation  and  it  con- 
tinues  to..exiat  even  after  death  in  connection  with  reilex  actions. 

In  connection  with  the  motor  nerves  we  find  that  irritability  can  be 
easily  studied  because  when  stimulated  there  is  a resulting  muscular  con- 
traction. This  stimulation  and  the  contraction  resulting  may  be  found 
even  after  the  nerve  and  the  muscle  have  been  removed  from  the  body. 
Normally  however  two  conditions  are  necessary,  (a)  irritability  must  be 
preseiyed  in  the  nerves;  and  M>)  there  must  lie  power  in  the  muscle  to 
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) stimulation.  We  have  seen  already  what  is  involved  in  the  ex- 
muscular  irritability.  In  the  case  of  a single  muscle  fibre  in 
connection  with  the  microscope  we  can  see  the  contraction  taking  place 
alter  the  separation  of  the  fibre  from  the  rest  of  the  muscle.  In  connec- 
tion with  the  stimulation  of  a motor  nerve  we  have  seen  that  the  effect  is 
most  apparent  when  a current  is  allowed  to  How  into  the  nerve  and  when 
it  is  suddenly  broken.  Muscular  contraction  is  under  the  influence  of 
nei\e  11 1 itability.  1 he  irritability  of  the  motor  nerve  continues  until 
a tci  death.  ff  his  is  evident  from  what  we  have  said  already  in  connec- 
tion with  the  stimulation  of  the  sciatic  nerve  in  connection  with  the  limb 
ol  a fiog.  If  in  the  case  of  a frog’s  leg-  with  the  sciatic  nerve  still  in  at- 
tachment it  is  kept  cool  the  nerve  will  continue  to  be  irritable  for  a con- 
siderable time.  If  on  the  other  hand  it  is  stimulated  repeatedlv  it  will 
beg-in  to  act  with  decreased  activity  and  before  long-  will  soon  cease  to  re- 
spond. If  after  this  it  is  allowed  to  rest  irritability  will  be  partially  re- 
stored. This  may  be  continued  for  a considerable  time  provided  resting 
periods  are  given  to  the  nerve  at  each  repetition,  however  the  nerve  be- 
comes less  irritable  and  this  diminution  of  irritability  will  continue  until 
it  is  entirely  lost.  Motor  nerve  irritability  may  be  suspended  or  lessened 
by  pressure,  by  the  application  of  cold  or  by  the  use  of  anything-  that  will 
diminish  the  power  of  controlling-  the  muscle.  Sudden  injury  of  the 
nerve  will  have  its  effect  as  in  cases  where  there  is  a diminution  of  the 
power  of  motion  by  extensive  injuries  to  the  human  limbs.  In  this  case 
there  is  a disturbance  first  of  all  in  the  muscular  system  which  results  in 
a shock  to  the  nervous  system,  the  shock  being-  g-reatest  in  the  central 
nervous  system  so  that  from  the  central  system  reaction  takes  place  in 
the  motor  nerves  diminishing-  muscular  contraction  and  nerve  sensibilitv 
and  lessening-  both  nerve  and  muscle  irritability.  If  a current  of  elec- 
tricity travels  along-  the  nerve  in  the  same  direction  as  the  fibres,  for  ex- 
ample, in  the  motor  nerve  from  the  center  to  the  periphery  the  current  is 
said  to  be  direct,  whereas  if  it  passes  in  the  opposite  direction 
it  is  inverse.  If  the  nerve  is  very  irritable  or  if  the  intensity  of  the  cur- 
rent is  very  great  there  will  be  a resulting  muscle  contraction  both  at  the 
beginning  and  ending  of  the  current  whether  the  current  is  direct  or  in- 
verse. If  on  the  other  hand  the  nerve  activity  has  been  lessened  or  if  the 
current  is  feeble  there  will  be  a response  manifested  in  contraction  only 
at  the  beginning  of  the  direct  current  and  at  the  end  of  the  inverse  cur- 
rent. By  preparing  the  two  hind  legs  of  a frog  so  that  they  still  continue 
united  together  by  the  sciatic  nerve  and  a part  of  the  spinal  cord,  if  the 
negative  efectrode  of  a current  is  placed  in  connection  with  the  left  foot 
and  the  positive  electrode  in  connection  with  the  right  foot,  the  electric 
current  that  passes  through  the  sciatic  nerves  will  be  inverse  for  the 
right  nerve  and  direct  for  the  left.  When  the  current  circuit  is  complet- 
ed there  will  be  a resulting  contraction  in  the  left  and  not  in  the  rig-lit  leg. 
On  the  other  hand  when  the  current  is  removed  there  will  a resulting 
contraction  in  the  right  leg-  and  none  in  the  left.  If  a ner\e  is  exhausted 
by  the  use  of  the  direct  current  it  will  still  respond  to  the  inverse  current; 
and  if  it  is  exhausted  in  connection  with  the  inverse  current  it  will  still  be 
sensitive  in  connection  with  the  direct.  It  has  been  found  that  even  when 
a nerve  is  for  the  time  exhausted  in  connection  with  the  direct  current 
irritability  is  restored  more  readily  by  the  use  of  the  inverse  current,  in 
this  case  returning  to  its  normal  condition  more  readily  than  if  allowed  to 
rest.  From  this  it  is  evident  that  to  change  the  current  from  direct  to 
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inverse  and  from  inverse  to  direct  has  the  effe'ct  either  of  restin  g the 


J 


nerve  or  of  assisting-  it  to  recuperate  itself.  This  indicates  the  special 
value  of  the  quickly  alternating-  currents  of  induced  electricity. 

The  irritability  that  is  associated  with  the  motor  nerves  is  inde- 
pendent of  that  of  the  muscles.  This  can  be  proved  by  the  fact  that  the 
irritability  may  be  suspended  in  each  case  independent  of  the  other.  In 
connection  with  the  use  of  curari  the  action  of  the  motor  nerve  is  suspend- 
ed without  a suspension  of  the  muscle  irritability.  When  a frog-  has  been 
poisoned  by  curari,  if  the  current  is  applied  to  the  sciatic  nerve  there  will 
be  no  response  in  connection  with  the  muscle,  but  if  the  current  is  ap- 
plied directly  to  the  muscle  there  is  a direct  response.  The  same  thing 
is  proved  by  the  fact  that  nerve  irritability  yields  before  muscle  irritabil- 
ity. This  is  also  indicated  by  the  results  that  are  found  in  connection 
with  deg-eneration.  On  the  division  of  a motor  nerve  the  divided  part 
loses  its  irritability  so  that  when  stimulated  there  is  no  muscle  response. 
The  application  of  a direct  current  to  the  muscle  will  give  a response  so 
that  the  irritability  of  the  muscle  and  of  the  nerve  must  be  regarded  as 
independent. 

As  we  have  seen  the  result  of  nerve  action  in  th'p  sensory  nerve  is  d i f— 
ferent  from  the  result  of  nerve  action  in  the-mptor  nerve,  in  fhe  fnrmpr 
case  a sensation  is  produced,  in  the,  latter  case  aperinheral  muscle  con- 
traction, If  a sensory  nerve  is  divided  and  its  central  end  is  stimulated  a 
sensation  may  be  produced,  no  such  sensation  resulting  from  the  stimu- 
lation of  the  peripheral  end.  If  a motor  nerve  is  divided  stimulation  of  the 
end  still  connected  with  the  central  system  gives  no  result  while  the  stim- 
ulation of  the  peripheral  end  gives  a muscle  contraction.  This  indicates 
that  the  nerve  commotion  in  a sensory  nerve  moves  centripetally  and  in  a 
motor  nerve  centrifugally.  The  result  of  the  stimulation  of  a sensory 
nerve  is  never  anything  but  a sensation  and  that  of  the  motor  nerve  never 
anything  but  movement.  Thesefacts  indicate  that  tbe  sensory  and 
motor  fibres  arc  independent  in"  their  modes  of  their  activity  as  well  as  in 
theirneural  properties.  This  however  does  not  prove  a difference  in  Un- 
kind of  activity  but  only  in  the  result  of  the  activity,  because  in  neither 
case  do  we  know  that  there  is  any  susceptible  change  in  the  nerve;  all 
that  we  do  know  is  that  in  the  organ  with  which  the  nerve  is  connected 
there  is  some  change.  When  a sensory  nerve  is  stimulated  the  sensation 
is  in  thy  center;  when  a motorTTerve  is  stimulated  the  contraction  isln  th e 
muscle.  In  both  of  these  cases  the  action  of  the  nerve  may  be  the  same 
and  Inis  seerrTs  to  be  the  conclusion  that  physiology  would  point  out  in 
connection  with  the  two  forms  of  nerve  irritability. 

1 here  are  several  reasons  for  this  physiological  conclusion,  (1)  when 
a nerve  is  stimulated,  whether  it  is  sensory  or  motor,  the.  same  effect  is 
pioduced  throughout  its  entire  length.  When  impressions  are  made  on 
the  skin  a nerve  commotion  is  transmitted  to  the  nerve  center  and  the 
resulting  sensation  is  referred  to  the  point  of  origin.  If  stimulation  is 
applied  to  the  same  nerve  along  its  course  the  resulting  stimulation  is  re- 
■en.ed  to  the  origin  of  the  nerve.  When  a limb  is  taken  off  if  the  divided 
end  of  the  nerve  is  subjected  to  pressure  the  resulting  sensations  are  re- 
ferred to  the  limb  as  if  intact,  the  preponderance  of  evidence  being  that 
in  the  case  of  an  amputated  limb  feeling  is  still  associated  with  the  limb 
as  a whole.  In  the  case  of  a motor  nerve  the  action  is  similar.  When  a 
\t>  untary  stimulation  arises  in  the  brain  it  passes  over  the  motor  nerve 
am  excites  the  muscle.  If  the  nerve  is  cut  along  its  path  and  stimulated 
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peripherally  the  same  contraction  takes  place  and  it  seems  to  be  of  the 
same  character  as  the  normal  one.  This  indicates  thatjyhen  the  nerve  is 
stimulated  it  is  thrown  into  activity  along  its  entire  length,  the  nervc- 
mg  said  to  be  polarized.  . (2)  Impressions  in  connection  with  the  sensory 
nerves  may  pass  either  from  the  inside  out  or  from  the  outside  in.  This 
does  not  take  place  normally  but  it  has  been  demonstrated  that  it  is 
possible  by  cutting  a sensory  nerve  and  reversing  its  position  so  tjiat  the 
former  peripheral  end  is  united  towards  the  center.  By  removing  the 
skin  from  the  tail  of  a rat  and  inserting  it  under  the  skin  of  the  "back 
grafting  took  place,  after  which  the  tail  was  cut  at  the  base,  continuing  to 
be  attached  towards  the  center  from  the  peripheral  end.  After  six 
months  complete  sensibility  was  established  in  the  reverse  order,  the  sen- 
sory nerve  which  carried  impulses  from  the  point  to  the  base  thereafter 
carried  the  same  impulses  from  the  base  to  the  point.  This  seems  to  be 
evidence  of  the  possibility  of  impulses  being  transferred  in  either  direc- 
tion along  the  sensory  nerve,  indicating  that  there  is  not  identity  of  action 
between  the  sensory  and  motor  nerves. 

SB C TION  IV.  Contractility. 


The  most  striking-  property  of  muscle  is  its  contractility  that  is  its 
corpuscles  manifest  their  irritability  by  contracting  or  by  the  temporary 
alteration  of  form  when  stimulated,  so  that  irritability  and  contractility 
are  closely  related.  The  response  in  the  case  of  a muscle  is  a contract- 
ion or  alteration  of  form,  hence  muscle  is  said  to  be  contractile  or  to 
possess  contractility  because  it  evidences  its  possession  of  irritability  bv 
contraction  when  stimulated.  Contractility  is  that  propert}'  in  virtue  of 
which  the  protoplasmic  cell  changes  its  form  when  stimulated  by  external 
excitants  or  when  under  the  influence  of  internal  changes.  This  altera- 
tion in  form  does  not  necessarily  involve" changes  in  size*.  The  altera- 
tion  arises  in  connection  with  the  fluid  or  the  semi-fluid  elements  of  the 
cell  so  that  the  cell  changes  its  form  to  the  spherical.  In  the  amoeba  we 
find  that  contraction  involves  the  change  of  form,  the  pulling  in  of  the 
tongue-like  projections  or  feet  so  that  the  cell  assumes  the  rounded  shape. 
In  the  vorticella  it  involves  the  contraction  of  the  outer  parts  in  towards 
the  inferior  portions  of  the  body.  In  these  simple  protoplasmic  forms 
the  contraction  does  not  follow  any  special  direction  but  in  the  higher 
forms  of  contractile  tissue  there  is  a differentiation  of  contraction  which 
leads  to  the  contraction  and  the  subsequent  relaxation  taking  a particular 
direction.  By  the  stimulation  of  a muscle  there  is  the  liberation  of  energy 
involving  chemical  and  electrical  changes, this  liberation  of  energy  re- 
sulting in  the  readjustment  of  the  muscle  elements  and  producing  the 
change  in  form.  When  the  irritation  is  withdrawn  this  contraction  re- 
laxes and  there  is  a more  or  less  rapid  return  to  the  original  form  cither 
on  account  of  the  elastic  recoil  or  on  account  of  some  internal  force  that  is 
inherent  in  the  muscle.  This  restoration  of  normal  form  and  position 
does  not  depend  on  external  causes  as  a muscle  when  isolated  from  exter- 
nal influences,  for  example,  by  being  placed  on  mercury,  exhibits  this  re- 
laxation when  the  stimulation  ceases.  This  indicates  that  the  contraction 
and  following  relaxation  are  independent  processes  and  must  both  repre- 
sent activity.  When  a muscle  is  stimulated  it  is  seen  to  become  shorter 
and  thicker  for  a time,  that  is  to  contract  and  then  relax  or  return  to  its 
original  form.  The  same  result  will  be  observed  if  a single  muscle  fibre 
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is  stimulated  under  the  microscope  .the  contraction,  passing' like  a wave 
along-  the  fibre  from  the  point  of  stimulation.  At  the  same  time  the  light 
parts  of  the  fibre  are  seen  to  become  dark  causing-  the  dark  and  trans- 
verse striae  to  appear  lig-ht.  While  both  dark  and  lig-ht  parts  become 
shorter  and  thicker  the  change  is  mosFmarked  in  the  lig-ht  parts  of  the 
libre.  Muscular  contraction  therefore  is  a chang-e  of  form  not  of  bulk  as 
may  be  proved  by  causing-  the  muscle  to  contract  inside  a vessel  shaped 
like  a specific  gravity  bottle  and  filled  with  water.  If  the  contraction  in- 
volved a diminution  of  volume  the  level  of  the  water  in  the  capillary  neck 
would  fall  but  this  is  not  the  case.  Foster  says  that  the  muscle  does 
slightly  diminish  in  bulk  during  contraction.  In  the  body  probably  mus- 
cles are  always  stimulated  to  contract  by  nervous  impulses  hut  any  agent 
which  will  rouse  nplnrmant  irritability  will  act  as  a stimulus,  for  exam- 
ple, mechanical,  chemical,  thermal  or  electrical  influences.  To  be  effec- 
tive a stimulus  must  have  a clellnTfe  duration  a certain  intensity  and  must 
act  abruptly  or  suddenly. 

Contractility  is  inherent  in  muscles.  It  is  a property  of  the  muscle 
fibres  themselves  and  it  exists  and  is  quite  capable  of  being  manifested 
altogether  apart  from  the  nerves  which  are  nearer  the  medium  through 
which  in  the  body  nervous  impulses  reach  the  muscles  and  arouse  activi- 
ty. The  truth  of  this  may  be  demonstrated  by  stimulating  a single  mus- 
cle fibre  freed  from  all  nervous  connection  under  the  microscope  when 
contraction  will  be  observed  to  take  place;  or  by  putting  a frog  under  the 
influence  of  curari  which  poisons  the  end  plates  of  the  nerves  in  the  mus- 
cles. If  in  an  animal  so  treated  a stimulus  is  applied  to  a nerve  passing 
to  any  muscle  no  contraction  follows  but  if  the  stimulus  is  applied  direct 
to  the  muscle  contraction  at  once  takes  place.  The  instruments  used  in 
studying  muscle  contractions  are  the  revolving  cylinder,  chronograph, 
myograph,  frog  muscle  plate,  in  connection  with  the  induction  coil,  keys, 
commutators,  etc.  We  must  distinguish  between  natural  and  artificial 
contraction  of  a muscle.  If  the  gastrocnemius  muscle  of  a frog  is  remov- 
ed from  the  leg  and  made  to  contract  it  becomes  a rounded  mass  about 
one  third  of  its  original  length.  In  the  body  when  living  no  such  contrac- 
tion takes  place  because  the  muscle  is  normally  elongated  and  kept 
stretched  byrmeans  of  the  opposing  muscles  and  the  muscle  relations. 
Hence  the  contraction  will  depend  upon  the  muscle  length  as  well  as  upon 
the  stimulus  and  the  duration  of  the  stimulation.  In  connection  with  the 
contraction  McKendrick  says  there  is  a slight  diminution  of  volume  so 
that  the  change  in  specific  gravity  may  be  represented  about  one,  repre- 
senting about  one-thousandth  part  of  the  volume  of  the  muscle.  The 
contraction  takes  place  in  the  anisotropous  part  of  the  fibre  representing 
the  sarcous  muscle  element.  Engelman  says  that  the  double  refractive 
elements  arc  enlarged  and  the  single  refraction  elements  contracted. 
Whether  this  takes  place  or  not  it  would  seem  that  the  anisotropous  part 
is  shortened  and  broadened. 

Phases  of  a Simple  Muscle  Contraction. — To  study  the  phases  of  a 
single  muscle  contraction  the  muscle  is  placed  on  the  muscle  plate  and  its 
tendon  is  attached  to  the  lever.  The  muscle  or  its  nerve  is  brought  into 
contact  with  the  electrode  and  there  is  introduced  into  the  circuit  from 
the  battery  a signaling  apparatus  will  indicate  on  a revolving  cylinder  the 
instant  that  the  stimulus  reaches  the  muscle  and  on  its  being  moved  by 
the  shock  the  cylinder  is  made  to  rotate  and  a single  electric  shock  is 
transmitted.  The  muscle  shortens  and  after  returns  to  its  original  form. 
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VVl  ? the  lever  and  a tracing-,  as  it  is  called  a muscle  curve,  is  drawn 
on  the  smoked  paper  covering-  the  cylinder.  By  means  of  this  arrangement 
it  is  seen  that  the  muscle  curve  produced  by  a single  contraction  is  the 
lesult  of  a single  momentary  stimulus  which  consists  of  these  phases  (U 
the  period  between  the. reception  of  the  stimulus,  and  the  beginning  of  the 
shortening  during  which  there,  is  no  apparent  change"  in  the  muscle 
I his  lasts  about  one-hundredth  part  of  a second  and  is  called  the  period  of 
:^con  t rac  tion ; (2)  The  period  of  shortening  during 
which  the  muscle  shortens  or  strictly  speaking  contracts  represented  bv 
tie  ascent  of  the  curve;  (3)  The  period  of  relaxation  during  which  the 
muscle  returns  to  its  original  length  represented  by  the  descent  of  the 
current.  It  occupies  rather  longer  time  than  the  second.  The  relaxa- 
tion is  the  result  of  active  changes  in  the  muscle  just  like  the  contraction 
and  not  a mere  passive  recoil.  By  repeating  the  stimulus  a-ain  and 
again  as  soon  as  one  contraction  is  oyer  a series  of  indentical  curves  may 
be  obtained.  After  a time  however  the  muscle  becomes  fatigued  anil 
then  the  curve  does  not  rise  so  high  the  peifiod  of  relaxation  being  pro- 
longed. If  the  stimuli  are  sent  to  the  muscle  so  rapidly  that  the  second 
contraction  begins  before  the  first  is  completed  and  the  third  before  the 
second  contraction  is  finished,  then  the  amounts  of  shortening  resultino- 
from  the  action  of  successive  stimuli  are  added  together  and  the  muscle 
rushes  into  a state  of  tetajius,  that  is  a state  of  extreme  and  persistent 
contraction  which  continues  until  fatigue  comes  on  or  the  stimuli  cease 
\yhen  it  slowly  relaxes.  What  appears  to  be  a simple  contraction  is  really 
in  this  case  a number  of  contractions  fused  together,  the  result  of  numer- 
ous impressions  that  reach  the  muscle  at  the  rate  of  about  19  per  second. 
-A-  contracting  muscle  therefore  is  in  a state  of  vibration  and  like  other  vi- 
brating bodies  it  produces  sounds  which  can  be  heard  by  the  stethoscope 
placed  over  a contracting  muscle.  When  a muscle  gives  a single  contrac- 
tion the  eye  can  not  follow  it  and  hence  the  only  way  of  following  the 
changes  is  to  use  the  gi'aphic  method  for  tracing  out  the  continuous  alter- 
ations. Hence  the  kymograph  with  its  blackened  surface  is  used  to  rep 
resent  the  muscle  curve,  the  muscle  being  connected  with  the  mechanism 
that  rises  and  falls  when  contraction  and  relaxation  take  place  so  that  we 
are  able  to  get  a myogram.  This  apparatus  is  called  the  myograph,  the 
writing  part  consisting  of  a light  lever  moving  lightly  on  a delicate  axis, 
the  lever  being  connected  with  the  muscle  so  as  to  represent  on  a magni- 
fied scale  its  movements.  When  the  record  has  been  made  on  the  black- 
ened paper  it  can  be  made  permanent  by  dipping  it  into  a thin  solu- 
tion of  shellac  in  alcohol.  The  movement  of  the  surface  takes  place  bv 
clock-work  so  that  accurate  time  relations  can  be  observed.  In  the  myo- 
gram the  curve  represents  the  changes  in  form,  the  height  of  the  curve 
representing  the  change  in  the  length  of  the  muscle,  the  shape  of  the 
curve  depending  on  the  rapidity  of  the  revolving  drum.  From  this  it  is 
necessary  to  know  the  rate  of  the  revolution  in  order  to  understand  the 
relations  of  the  different  parts  of  the  curve  to  each  other.  This  rate  is 
registered  by  the  chronograph  which  consists  of  several  wire  coils  wound 
about  soft  metal  cores  and  a small  lever  carrying  anir  on  strip  which  is  at- 
tached to  the  soft  metal,  when  magnetization  takes  place  by  the  passage 
of  a current  of  electricity  through  the  surrounding  coils.  As  soon  as  the 
current  ceases  to  flow  the  metal  ceases  to  be  magnetized,  and  the  lever  is 
drawn  off  from  the  metal  by  a spring.  By  the  use  of  this  instrument 
very  accurate  calculations  of  time  can  be  made,  the  break  of  the  current 
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taking-  place  when  the  magneto-electric  tuning  fork  acts,  the  chronograph 
stylus  tracing  out  the  interruptions  on  the  myogram.  In  this  way  we 
can  mark  out  beneath  the  kymograph  successive  periods  to  very  minute 
variations  so  that  the  curve  changes  and  the  time  periods  can  be  marked 
side  by  side  for  comparison.  The  chronoscope  of  Fitz  is  a convenient 
form  of  time  piece  as  a substitute  for  the  chronograph,  the  pendulum  be- 
ing almost  frictionless  and  successive  experiments  may  be  conducted 
without  any  loss  of  time  intervening. 

Great  variations  are  found  in  the  muscle  contractions  so  that  no  defi- 
nite principle  can  be  laid  down  as  to  the  form  of  the  muscle  curve,  the 
condition  of  the  muscle  and  its  stimulus  determining  the  nature  of  the 
contraction.  Take  for  example  the  gastrocnemius  muscle  of  a frog,  fix- 
ing the  tendon  to  the  myograph  lever  and  bringing  the  electrode  into  con- 
tact with  the  nerve,  by  the  rotation  of  the  kymograph  and  the  opening  of 
the  circuit  an  induction  shock  will  be  passed  to  the  nerve  producing  mus- 
cle contraction.  On  the  analysis  of  this  curve  there  are  found  to  bcTthree 
unequal  periods;  (1)  latent  period.  The  period  elapsing  between  the  time 
the  stimulus  reaches  the  muscle  and  the  moment  when  the  muscle  begins 
to  alter  its  form  is  called  the  latent  period,  Helmholtz  was  the  first  to  in- 
vestigate the  time  relation  of  muscle  in  connection  with  latency.  He  con- 
cluded that  for  frog’s  muscle  the  avei'age  period  of  latency  is  one-hun- 
dredth part  of  a second,  that  the  period  of  ascendency  in  the  curve  is  about 
four-hundredths  and  the  period  of  descending  in  the  curve  about  five- 
hundredths  of  a second,  the  entire  time  occupied  in  the  curve  being  about 
one-tenth  of  a second.  Recent  investigations  have  led  to  the  conclusion 
that  the  latent  period  is  not  so  long  as  Helmholtz  thought.  Tigerstedt 
alter  curarizing  the  muscle  of  a frog  placed  it  on  the  myograph  so  arranged 
that  at  the  moment  when  the  muscle  moved  the  current  is  broken,  the 
break  being  recorded  on  the  kymograph  in  connection  with  the  electro- 
magnetic chronograph.  He  found  the  latent  period  to  be  one  250th  part  of  a 
second.  This  he  did  not  regard  as  the  true  latent  period  because  he  be- 
lieved that  the  muscle  begins  to  respond  even  before  the  lapse  of  this  very 
In  lef  period  During  the  brief  period  certain  molecular  changes  take  place 
in  the  muscle  itself  that  prepare  the  muscle  for  contraction  and  during  this 
period  we  find  an  electric  change  represented  by  the  negative  variation. 
l:i  the  human  muscle  the  period  of  latent  stimulation  is  shorter  than  in 
the  frog  s muscle..  The  length  of  the  period  of  latency  may  be  increased 
by  heat  or  by  the  increase  of  the  stimulus  and  it  may  be  diminished  by- 
cold  or  fatigue.  In  the  pale  colored  muscle  the  period  is  shorter  than  iii 
• m“Hcle-  If  there  is  an  interference  with  muscle  metabolism 
eitnei  in  the  muscle  substance  or  in  the  relation  of  muscle  and  nerve 
hei  c is  a lengthening  of  this  period.  For  example,  in  paralysis  agitans, 
locomotor  ataxia  as  well  as  in  muscular  atrophy  the  periods  increase;  in 
the  case  ol  senile  chorea  the  period  becomes  very  short.  (2)  The  second 
period  is  found  that  corresponds  with  the  muscle  contraction  varyiim- 
iorn.  3 to  .4  of  a second.  Contraction  takes  place  more  rapidly  in  a 
fresh  muscle  than  in  a fatigued  muscle.  The  total  contraction  in  the  muscle 
represents  the  contraction  takingplace  in  the  minute  muscle  fibres.  As  the 
distances  that  require tobetraveled  in  connection  with  the  contraction  wave 
are  very  minute  these  undulations  travel  very  rapidly  and  therefore  the 
c anges  in  t e muscle  take  place  very  rapidly.  It  is  claiming  that  the 
contraction  begins  even  during  the  latent  period,  some  claimed  that  there 
s ea  y no  atent  period.  In  the  passage  of  a muscle  from  rest  to  activi- 
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tv  there  is  a change  in  the  muscle  condition,  this  change  being  detected 
by  the  use  of  the  galvanometer.  By  the  capillary  electrometer  it  is  found 
that  a change  in  the  electrical  condition  of  the  muscle  can  be  found  .0025 
of  a second  after  the  application  of  the  stimulus.  If  this  is  true  and  we 
take  account  of  the  difficulty  .in  detecting  the  variation  it  may  almost  be 
said  that  the  change  in  muscle  begins  as  soon  as  the  stimulus  is  applied, 
so  that  during  the  entire  latent  period  there  will  be  a change  taking  place 
in  the  muscle.  This  would  imply  the  abolition  of  the  latent  period. 
There  is  undoubtedly  a latent  period  at  least  for  the  muscle  as  a whole. 
A distinction  has  been  drawn  between  the  electrical  latent  period  and  the 
mechanical  latent  period,  the  former  representing  the  period  between  the 
stimulus  application  and  the  first  electrical  change  that  can  be  detected, 
and  the  latter  between  the  application  of  the  stimulus  and  the  first  mech- 
anical movement  or  alteration  in  the  muscle  form.  At  any  rate  it  may  be 
definitely  concluded  that  the  mechanical  latent  period  is* longer  than  the 
electrical.  The  latent  period  varies  according  as  the  muscle  is  stimulat- 
ed directly,  or  through  the  nerve,  in  the  latter  case  the  latent  period  is 
more  appreciable  in  length  because  the  time  required  for  nerve  conducti- 
vity is  added  to  that  necessary  for  muscle  contraction.  Hence  the  motor 
end  plates  are  said  to  have  a definitely  appreciable  latent  period  of  stimu- 
lation distinct  from  the  contraction  period  of  the  muscle.  (3)  The_third 
period  is  that  of  relaxation,  indicat ed^on  the  myogram  by  the-  de^rt>n-rdng 
part  of  the  curve.  The  length,  of  the  period  will  depend  on  the  strength 
of  the  stimulus  and  the  period  occupied  by  the  preceding  contraction 
as  well  as  on  the  condition  of  the  muscle.  Usually  after  the  relaxa- 
tion has  taken  place  there  are  found  a few  contractions  quite.,  irxeg- 
ular  jvhich-ai'e  spoken  of  as  after  contractions;  these  arise  from  the  elas- 
tic action  of  the  muscle  and  therefore  become  more  appreciable  if  the 
muscle  has  been  subjected  to  a strong  contraction. 

In  comparing  the  different  periods  and  characteristics  of  the  con- 
traction and  relaxation  it  is  important  to  get  a number  of  curves  side  bv 
side.  This  can  be  done  easily  by  the  use  of  the  traveling  stage  invented 
by  Marey,  according  to  which  the  myograph  is  carried  bv  the  revolving 
screw  driven  by  clock-work  horizontally  beside  the  revolving  drum.  In 
this  way  a shock  can  be  sent  into  the  muscle  at  each  revolution  of  the 
cylinder.  By  the  arrangement  of  a wire  to  the  axle  of  the  cylinder  so  that 
in  connection  with  a cup  of  mercury  each  revolution,  of  the  cylinder  will 
open  and  close  the  current  passing  through  the  primary  induction  coil  so 
as  to  secure  consecutive  contraction  at  each  successive  contact.  The 
period  of  muscular  contraction  is  found  to  vary  in  different  kinds  of  mus- 
cleTTTeing  very  short  in  that  of  birds,  a little  longer  in  fishes  and  mammals 
and  longest  in  the  reptile.  The  amount  of  the  muscle  contraction  is  in- 
cr eased  as  the  stimulus  increases,  first  quickly  and  later  more  slowly, 
after  which  a maximumisattained  when thecontractioncontinues  to  becon- 
stant.  The  amplitude  of  the  contraction  is  lessened  by  fatigue  and  "in 
connection  with  cold  or  interference  with  the  blood  circulation,  whereas  it 
is  increased  in  pathological  conditions  such  as  diabetes,  jaundice  and  cer- 
ebral hemiplegia.  Muscle  contraction  in  the  human  muscle  may  be  very 
rapid  as  is  found  in  connection  with  the  use  of  the  laryngeal  muscles  in 
music.  When  contraction  takes  place  in  a muscle  there  is  in  addition  to 
contraction  the  thickening  of  the  muscle,  the  curve  of  thickening  being 
almost  the  same  as  that  of  contraction.  When  a stimulus  is  brought  to 
bear  on  one  end  of  a muscle  there  is  an  indulation  passed  along  the 


CONTRACTILITY. 


470 


muscle  called  the  wave  of  contraction.  This  wave  of  contraction  Marey 
has  measured  in  regard  to  the  time  occupied  in  its  transmission  by  the 
use  of  mvographic  pincers  which  grasp  the  muscle  at  certain  points  along 
the  path  of  undulation.  Each  of  these  pincers  is  connected  with  a 
Marey  tambour  so  that  by  transmitting  the  impulse  a tracing  can  be  se- 
cured of  the  effect.  Marey  pointed  out  that  the  two  curves  secured  do 
not  correspond,  the  difference  between  the  maximal  point  of  ascent  in  the 
two  curves  representing-  the  rapidity  of  the  wave  which  Marey  found  to  be 
from  39  to  119  inches  per  second.  In  the  cardiac  muscle  he  found  that 
the  wave  travels  very  slowly  being  only  about  .39  of  an  inch  per  second. 
In  the  human  muscle  it  is  estimated  that  the  rapidity  is  about  390  to  420 
inches  per  second.  The  wave  of  contraction  may  be  retarded  by  fatigue 
or  the  increase  of  heat  which  tends  to  coagulate  the  muscle  or  by  injection 
of  sulpho-cyanide'of  potassium.  Ifa  wavejof  contraction  is  aroused  in  a 
single  fibre  or  group  of  fibres  it  is  confined  to  the  single  fibre  or  group  of 
fibres  and  does  not  pass  by  radiation  to  contiguous  fibres,  so  that  muscle 
contraction  takes  place  in  the  whole  muscle  only  when  simultaneous  stim- 
ifiation  is  aroused  in  the  fibres  as.  a whole.  In  connection  with  stimula- 
tion of  muscle  by  nerve  as  each  muscle  fibre  has  its  corresponding  neural 
process  and  as  the  motor  plate  is  associated  with  the  central  part  of  the 
fibre  the  contraction  wave  passes  along  the  fibre  length.  The  muscle 
contracts  as  a whole  when  the  fibres  receive  their  neural  impulse  all  at 
once,  so  that  the  simultaneous  action  of  the  muscle  fibres  is  necessary  as 
the  basis  of  muscle  contraction  and  the  origination  and  transmission  of 
muscle  contraction  waves. 

In  an  ordinary  striated  muscle  we  find  a large  number  of  muscle 
fibres  grouped  together  into  bundles  all  collected  into  muscular  form  in 
connection  with  connective  tissue.  In  each  fibre  we  find  a minute  elastic 
sheath. forming  the  sarcolemma  filled  with  the  sarcous  materials.  In  con- 
nection with  the  microscope  the  fibres  are  found  to  be  striated  with  alter- 
nating light  and  dark  bands  corresponding  with  minute  discs  found 
possessing  different  degrees  of  transparency.  The  light  bands  are  also 
found  to  be  divided  into  two  parts  by  a delicate  mark  side  by  side  with 
which  more  delicately  colored  markings  are  found.  The  thin  dark  lines 
were  formerly  supposed  to  be  formed  in  connection  with  delicate  parti- 
tions dividing  the  muscle  fibre  into  compartments.  This  view  as  we  have 
seen  has  been  found  incorrect  so  that  the  fibres  consist  of  a succession  of 
parts  closely  packed  together  without  any  septa.  In  the  muscle  materials 
we  find  two  substances,  the  double  retracting  or  anisotropous  and  the 
single  refracting  or  isotropous.  The  isotropous  substance  represents  the 
sarcoplasm  which  is  scattered  through  the  muscle  fibre  and  which  con- 
tains within  it  the  isotropous  materials.  In  the  striped  muscle  fibres  we 
find  not  only  the  cross  striae  but  also  the  longitudinal  striae  especially  in 
connection  with  the  dark  bands.  These  longitudinal  striae  represent 
the  anisotropous  matters  forming  incomplete  fibrils.  The  isotropous 
matter  is  semi-fluid,  the  anisotropous  being  arranged  in  The  semi-fluid 
substance.  During  the  contraction  of  this  striated  muscle  the  fibres'  arc 
shortened  and  become  thickened,  the  light  and  dark  bands  becoming 
shorter  and  thicker,  the  dark  bands  becoming  larger  and  the  light  bands 
smaller.-  In  the  contracted  portion  the  dark  bands  become  lighter  and 
the  lighter  parts  become  darker.  Engel  man  believes  that  contraction  takes 
place  in  connection  with  the  anisotropous  matter  imbibing  and  absorb- 
ing some  of  the  isotropous  matter,  this ’taking  place  in  connection  with 
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£e_setting  free  of  heat  resulting  from  the  stimulation  of  the  muscle.  In 
^ is  \\<i\  the  muscle  contraction  takes  _place  in  connection  with  the 
changes  in  the  minute  librillae  and  the  changes  in  the  muscle"  as  a whole 
are  dependent  upon  the  changes  in  the  minute  fibres.  These  changes 
are  rendered  possible  on  account  of  the  elasticity  of  the  minute  fibres"  in 
virtue  of  which  the  fluid  part  is  capable  of  changing  positions.  Muscle 
elasticity  is_ not  very  great  but  it  is  perfect,  according  to  which  the  mus- 
t e ^ - en  stretched  becomes  quickly  restored  to  its  normal  size  and  form. 
In  the  use  of  the  stimulation  of  electricity  in  connection  with  the  muscle 
although  the  cuiient  passes  almost  instantaneously  the  contraction  and 
the  1 etui  n to  normal  form  again  requires  time.  When  an  induction  shock 
is  sent  into  a nerve  connected  with  the  muscle  there  is  a nervous  impulse 
communicated  to  the  nerve  which  travels  along  the  nerve,  reaches  the 
muscle  and  produces  an  invisible  effect  during  the  brief  latent  period, 
then  an  effect  which  is  manifested  in  the  contraction  of  the  muscle. 
These  changes  represent  alterations  in  the  living  substance  of  the  muscle' 
and  vary  with  the  conditions  of  the  living  matter,  being  found  only  so  long 
as  the  muscle  is  living.  So  much  so  is  this  the  case  that  the  three  phases 
of  the  contraction  may  be  altered  independent  of  each  other.  Even  when 
the  . same  strength  of  shock  is  applied  there  may  be  difference  in  the  con- 
traction and  the  relaxation  may  also  vary  considerably. 

, Tn.  the  contraction  as  we  have  seen  the  variation  takes  place  in  the 
minute  fibres,  the  connective  tissue  between  the  fibres  not  being  active, 
so  that  the  muscle  fibres  which  are  connected  to  the  tendon  pull  immedi- 
ately in  connection  with  the  tendon  and  the  muscle  fibres  not  so  connected 
with  it  through  the  connective  tissue  which  is  continuous  with  the  tendon. 
In  the  muscle  there  is  the  nerve  supply  ramifying  in  connection  with  the 
connective  tissue,  diyiding*and  branching  in  connection  with  the  groups 
of  fibres,  ea.ch  muscle  fibre  being  connected  with  a neural  processin  g, 
special  terminal  called  the  plate.  As  the  neural  plate  is  about  the  middle 
of  the  fibre,  not  at  the  ends  of  the  muscle  fibre,  the  neural  impulse,  enters 
the  muscle  from  the  nerve  about  the  middle  of  the  muscle  fibre  the  im- 
pulse travelling  from  this  point  towards  the  two  ends.  In  connection 
with  t5e_sfi£l£taLmuscles  the  fibres  do  not  all  begin  at  the  muscle  ending,' 
so  that  asthe  neural  processes  are  distributed  among  the  fibres  in  such  a 
way  as  to  make  the  neural  plate  also  distributed  among  the  fibres  at  dif- 
ferent points  representing  different  distances  from  the  muscle  endings. 
In  this  way  when  the  impulse  passes  through  the  nerve  and  enters  the 
muscle,  it  enters  at  different  points  along-  the  minute  fibres  the  alterations 
originating  at  these  different  points  so  that  the  muscle  contraction  is 
greatly  spread  out  over  the  muscle.  This  docs  not  imply  that  all  the 
muscle  contractions  must  take  place  from  that  point  of  origin  in  connec- 
tion with  the  nerve,  because  by  poisoning  the  motor  nerve  with  curari 
and  applying  the  stimulation  direct  to  the  muscle  at  any  point  in  the  mus- 
cle fibre  a contraction  will  follow.  In  the  sartorius  muscle  of  the  frog  we 
find  parallel  fibres  running  alongsideeach  other,  by  poisoningthe  nerves  so 
as  to  stop  the  neural  action  and  applying  the  stimulus  to  one  end  of 
of  the  muscle  the  contraction  begins  at  the  point  of  stimulation  ar.d 
travels  along  the  muscle,  the  contraction  and  the  thickening  taking  place 
as  the  wave  of  contraction  moves  alon«-  the  length  of  the  muscle.  This 
wave  of  contraction  passes  over  each  successive  part  of  the  muscle  pro- 
ducing continuous  shortening  and  thickening  in  each  fibre,  the  sum  of 
these  representing  the  contraction  of  the  muscle  as  a whole.  Such  a con- 
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traction  wave  travels  too  fast  to  be  followed  by  the  eye  so  that  prepara- 
tions like  osmic  acid  are  used  to  represent  the  local  contractions,  so  that 
from  thess  we  may  gather  the  chang-es  taking-  place  in  the  whole  muscle. 
Whatever  else  takes  place  the  contraction  represents  a transference  of 
molecules  from  location  to  location,  the  method  of  this  alteration  being-  as 
yet  indistinctly  understood.  What  is  certain  is  that  certain  chang-es  take 
place  representing-  alterations  in  form  but  not  in  bul^  in  connection  with 
singde  muscle  fibres,  the  sum  total  of  these  alterations  representing-  the 
chang-es  taking-  place  in  the  muscle  as  a whole. 

Muscle  Changes  in  Contraction  and  the  Conditions  Affecting 
the  Contraction. — Contractility  may  be  different  not  only  in  different 
muscles  but  in  different  kinds  of  muscle  found  in  the  same  animals.  The 
same  thing  we  saw  to  be  true  of  irritability.  Irritability  represents  an 
independent  muscular  property  but  it  is  found  that  contractility  and  irri- 
tability are  existing- usually  to  the  same  extent  in  each  separate  muscle. 
Where  irritability  is  hard  to  excite  it  is  found  that  the  contractions  resul- 
ting- represent  slow  and  long  continued  contractions,  whereas  if  irrita- 


representmg 


ped  muscie  oi  tne  trog 
of  a second,  that  of  a turtle 


about  one  second.  It  is  found  that  even  in  the  same  animal  or  the  same 
kind  of  animal  different  forms  of  contractile  power  are  exhibited.  Cash 
has  made  the  following  analysis  of  striped  muscle  of  the  frog  as  to  the 
duration  of  contraction,  the  triceps  femoris  muscle  .104,  semi-mem  brano- 
sus  .108,  gastrocnemius  .120,  abdominal  rectus  .170,  hypoglossal  muscle 
.205  oi  a second.  This  has  an  interesting  connection  with  the  functional 
use  of  the  different  muscles.  In  the  omohyoid  muscle  in  the  turtle  which 
is  used  to  pull  back  the  head  quickly  under  the  shell  the  contraction  takes 
place  very  quickly;  in  the  petoralis  muscle  the  contraction  takes  place 
very  slowly  although  it  represents  great  strength  in  connection  with  the 
locomotive  movements  of  the  body  and  the  support  of  the  body  weight, 
i he  unstriped  muscle  which  is  characterized  by  slow  movements  is  found 
to  be  associated  with  the  intestinal  walls  and  the  blood  vessel  walls  in 
which  it  is  necessary  to  have  slower  actions  and  in  which  the  muscles  re- 
main for  a longer  period  in  the  contracted  condition.  In  the  case  of  thp 
cardiac  muscle  great  strength  is  required  to  overcome  strong  resistance 
anatopump  oTiTthc  blood,  so  that  we  find  the  mixed  muscle  capable  of 
strong  but  slower  movement.  In  the  case  of  the  mammals  we  find  that 
nearly  all  the  muscles  of  the  body  can  move  more  or  less  quickly  the  mod- 
ification depending  on  the  use  of  the  muscles  and  the  amount  of  work- 
done  in  connection  with  the  muscle  use.  Hence  the  vocal  cords  arc  capa- 
ble of  very  quick  vibrations  in  their  contractions,  while  the  skeletal  mus- 
cles are  moved  at  different  rates  depending  on  the  amount  of  work  done 
in  connection  with  the  movements  of  the  skeleton.  In  the  case  of  the 
limbs  and  arms  the  muscles  are  capable  of  very  quick  movements,  so  that 
tneeconomyofthemuscular  contraction dependson the  purpose  that  is  to  be 
served  by  the  contraction  in  the  different  forms  of  body  movements. 
Here  we  find  a distinction  between  the  red  and  pale  muscle,  the  former 
icing  found  where  the  contractions  are  extended  and  the  latter  where  the 
contractions  are  shorter  and  more  vigorous.  In  some  cases  we  find  a 
combination  of  the  pale  and  red  muscle  the  contraction  being  originated 
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contraction  of  the  muscle  in  connection  with  the  red  fibres.  Thus  the 
function  of  the  body  or  part  of  the  body  in  which  the  muscle  fibres  arc- 
found  determines  the  nature  of  the  contraction  as  we  find  it  in  connection 
with  the  fibres  themselves,  the  use  regulating-  the  activity  and  the  charac- 
ter of  the  activity.  In  studying  the  character  of  the  contraction  of 
muscle  sevei-al  instruments  are  used  to  determine  the  changes  taking 
place.  In  all  of  these  artificial  expedients  are  resorted  to  in  order  to  test 
the  character  of  muscle  activity. 

This  is  evident  from  the  fact  that  by  the  application  of  a weight  or  of 
stretching  applied  to  the  muscle  there  is  a variation  in  the  resulting  con- 
traction. Hence  if  a muscle  is  loaded  with  a considerable  weight  there  is 
a difference  in  the  contraction  as  compared  with  the  muscle  when  free 
and  simply  tense.  If  the  muscle  is  made  to  contract  while  it  is  thus 
weighted  the  muscle  is  said  to  be  loaded,  but  if  the  weight  is  so  arranged 
that  it  does  not  bear  on  the  muscle  until  the  contraction  begins  the  weight 
is  said  to  be  an  aftei'-load.  If  the  weight  loading  the  muscle  is  equal 
throughout  the  contraction  it  is~said  to  be  isotonic,  but  if  the  contraction 
has  to  take  place  aga+n-cwt  n force  that  is  increasing  likffaspring  it  is  said  to 
be  isometric.  Each  of  these  conditions  involves  an  alteration  in'  the~con- 
traction  of  the  muscle  and  represents  an  important  modification  of  the 
contractility.  Hence  we  may  find  that  the  latent  period  is  extended,  or 
that  the  periods  of  contraction  and  relaxation  are  modified.  The  modify- 
ing effect  of  the  rapidity  of  the  stimulation  upon  the  contraction  is  im- 
portant. If  the  same  excitant  be  applied  to  the  muscle  for  several  times 
and  under-  the  same  conditions,  the  contractions^resulting  ought  to  be 
the  same  if  the  muscle  continues  the  same  in  its  internal  condition.  The 
internal  condition  of  the  muscle  is  subject  to  variation  anffthis  variation 
takes  place  whenever  the  muscle  is  excited  and  a resulting  contraction 
follows,  so  that  a decided  effect  is  left  upon  the  muscle  after,  each  contrac- 
tion. This  change  in  the  internal  condi  tion  is  temporary.  When  the  mus- 
cle1 katabolism  is  increased  there  is  an  accompanying-  and  corresponding 
increase  in  the  anabolism  and  provided  the  contractions  do  not  follow  each 
other  in  too  rapid  succession  the  changes  taking  place  during  contraction 
are  compensated  for  by  the  changes  taking  place  during  rest.  When  the 
blood  freely  circulates  through  a muscle  in  connection  with  contraction  or 
relaxation  there  is  a normal  recuperative  influence  taking  place  which 
oyer~comes~~thg  contraction  changes  so  that  at  each  stimulation  the  contrac- 
tion will  be  about  the  same.  This  is  well  illustrated  in  normal  conditions 
by  the  heart  which  continues  to  beat  without  a stop  during  a lifetime  the 
resting  periods  following  each  contraction  giving  the  heart  sufficient  re- 
cuperation to  enable  it  to  continue  steadily.  It  has  been  found  that  by 
stimulating  the_skeletal  muscles  it  is  possible  to  accumulate  the  contrac- 
tions by  the  thousand  without  any  signs  of  oyer  exertion,  but  in  the  end  if 
the  contractions  are  kept  up  steadily  there  is  a lessening  of  the  contractile 
force.  This  will  not  be  the  case  insufficient  time  is  allowed  for  restora- 
tion to  active  functionality  so  that  the  normal  condition  of  the  muscles  de- 


pends upon  the  normal  alternation  of  activity  and  rest. 

The  extent  of  the  contraction  of  a muscle- represented  by  the  height 
of  the  muscle  curve  is  usually  taken  as  a mark  of  muscle  activity  and  ca.— 
parity  for  activity.  By  stimulating  the  muscle  very  often  it  can  be  seen 
plainly  that  the  endurance  and  capacity  for  activity  arc  represented  by 
the  limit  of  the  contractions.  At  first  the  effect  .oHsHliUJlation  is  to  in- 
crease irritability  but  after  this  first  efiect  is  over  the  irritability  is  les- 
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scned.  It  is  found  that  the  action  of  a muscle  within  certain  limits  increas- 
es the  muscular  activity.  This  was  first  discovered  in  connection  with 
the  frog-  cardiac  muscle.  It  was  found  that  by  applying-  stimulation  suc- 
cessively to  the  cardiac  muscle  a series  of  contractions  followed  increas- 
ing- in  force  so  that  each  succeeding-  contraction  represented  a greater 
amount  of  activity  than  the  one  just  preceding-,  representing-  a gradually 
ascending-  series  of  curves.  The  same  was  found  later  in  connection  with 
the  skeletal  muscles  and  with  all  forms  of  bioplasm.  It  has  been  found 
that  by  graduating-  the  streng-th  of  the  stimulation  so  that  each  stimuli 
represented  the  same  force  that  there  is  a temporary  decrease  in  the  resul- 
ting- contraction  for  five  or  six  contractions  followed  by  a steady  increase, 
the  first  contractions  being-  called  the  preliminary  and  the  later  the  as- 
cending contractions.  This,  seems  to  indicate  that  ±hejfirst  effect  of 

singulation  is  to  diminish  irritability,  thg  katabolism  being-  too  great  to  he 
compensated  for  by  the  anabolism,  each  contraction  representing-  a di- 
minution of  force.  As  saon^however  as  the  anabolic  reaction  sets  in  the 
the  anabolism  increases  as  the  katabolism  increases  anff  we  find  the 
gradually  increasing-  force  of  the  contractions  of  the  muscles.  This  how- 
ever can  not  be  carried  out  indefinitely  for  a period  is  reached  when  fa- 
tigue is  induced  and  there  is  a descent  in  the  contraction  scale.  This  fall 
in  the  scale  represents  fatigue  the  katabolism  once  more  g-aining-  and  the 
anabolism  declining-  gradually.,  representing  the  descending  curve  of  ex- 
haustion. It  is  found  that  this  descending  curve  is  not  steady  in  its  de- 
cline  but  that  the  decline  is  greater  immediately  after  the  maximal  point 
has  been  reached  while  towards  the  end  there  is  a more  constant  fall. 

1 hese  variations  represent  the  normal  changes  taking  place  in  muscle. 
He_nce  it  is  well  known  that  a muscle  can  not  be  raised  to  a maximum  of 
activity  without  a preparatory  period  of  stimulation  during  which  the 
muscle  is  in  training  for  the  maximal  effort.  This  is  in  line  with  the  ex- 
perience of  athletes,  whether  in  running,  walking,  rowing  or  pulling,  the 
muscles  requiring  to  be  lead  up  gradually  to  a supreme  effort.  These- 
prehxninaxy__pr£.pa.ratians  have-a  doirble  object,  (a)  to  prepare  the  muscles 
or  better  3nd  more  sustained  action:  and  (b)  to  secure  better  coordina- 
tion  ot  muscular  effort  especially  under  the  guidance  and  coordinating  in- 
fluence of  the  nervous  mechanism.  The  muscular  stimulation  is  neces- 
stimulate.  t-hP  TlPrve  cells  ar|d  as  the  nerve  cells  can  only  be  adjust- 
ed  to  action  by  repeated  stimulation  on  the  part  of  the  muscles  this  is  a 
necessary  part  of  the  training  both  of  the  muscles  and  the  nerves  that 
control  them.  The  capacity  for  activity  on  the  part  of  the  muscle  there- 
ore  yai  les  and  at  any  moment  in  the  history  of  muscular  activity 
there  is  a specific  capacity  for  activity  on  the  part  of  the  muscle.  This  is 
explained  by  some  on  the  basis  of  an  automatic  mechanism  within  the 
muse  e itself  that  regulates  the  supply  of  materials  to  the  cells  of  the 
nuiscle  and  therefore  controls  the  setting  free  of  energy.  The  nature  of 
this  automatic  mechanism  is  unknown  and  its  influence  pn  the  muscle  is 
not  clear.  It  sgems  clear  that  the  mechanism  has  control  and  can  regu- 
ate  the  output  of  energy  and  if  so  it  must  also  regulate  the  income  of  ma- 
terials, supplying  the  necessary  energy.  Here  there  is  in  the  muscular 
economy  a balancing  arrangement  in  virtue  of  which  the  katabolic  and 
anabolic  changes  are  regulated,  stimulation  of  either  kind  acting  as  an  ex- 
citant to  the  other.  In  the^case  of  muscular  activity  it  is  found  that  this, 
arranging  mechanism  has  an  important  influence  on  the  period  of  latency 
and  also  on  the  expense  of  the  muscular  contraction.  When  muscular 
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contractions  follow  each  other  rapidly  there  is  an  influence  exerted  upon 
the  form,  which  the  resulting- contractions  assume.  There  is  a stimula- 
ting- effect  therefore  arising-  from,  the  contraction  itself  as  well  as  from 
the  rate  of  the  contraction  as  compared  with  the  rate  of  the 
stimuli. 

As  the  stimuli  follow  each  other  with  greater  rapidity  greater  chang-es 
are  noticeable  in  the  resulting-  contractions  leading-  up'  to  that  peculiar 
kind  of  contraction  known  as  tetanus.  In  the  case  of  the,  normal  muscle 
when^-it  is  first,  stimulate it  returns  to  its,  orginal  position  almost  as; 
quickly  as  it  contracts.  If  on  the  other  hand' it  is  quickly  stimulate*!— iim~ 
power  of. relaxing-  is  gradually  lessened  in  force  so  that  there  i.-,  produced 
a tendency  to  remain  in  the  contractile  condition.  This  tendency  is  found 
even  before  the  coming  on  of  exhaustion  and  is  increased  gradually  as  the 
exhaustion  becomes  more- pronounced.  If  a frog’s  muscle  is.  stimulated 
about  once;eyery  one  and  one-half  seconds  the  periods  of  confractionwill 
i p crease  and  this  will  have  the  effect  of  retarding  the  restoration  of  the 
muscle  to  its  normal  condition  during  the  intervals. between  the  contrac- 
tion periods,  because  one  contraction  will  not  have  become  relaxed  before 
another  stimulation  takes  place.  Hence  there  will  be  a changeJre-the 
power  of  relaxation  resulting  in  the  existence  of  two  contraction  period 
thejme  proing forward  continuously  and  the  other  marking  an  inter: 
tent  actiom  arising  from'  successive  stimulat i o ns.  This, re p res ents-an  im-  : 
perfect  tetanus  in  which  there  is  continuity  in  the  one  contraction  and  in- 
termittent contraction.  In  the  perfect  tetanus  there  is  onlw  the  continu- 
ous contraction,  a series  of  contractions  running  into  each  other  so  that 
there  are  no  independent  contractions,  the  muscle  presenting  an  unchanging 
curve..  As  the  muscle  relaxation  becomes  slower* the  condition  of  short- 
ening  also  becomes  slower  representing  a condition  called  contracture 
w.hich  increases  as  the  force  and  rate, of  the  stimulation  increase.  The 
production  of  this  con ditipnLde pends  on  the  muscle  condition  at  the,  time 
ofth e~~s~ti mulation.  The.  stimulations  must  be  frequent,  and  rapidly  ap- 
plied in  order  to  produce  this  condition.  It  is. not  necessary  however  that 
this  results  from  an  exhausted  condition  of  the  muscle  as  the  contracture 
is  diminished  when  fatigue  increases.  Thus  there  is  a.  gradual  develd])- 
ment  of  the  ascending  or  descending  curve  of  contraction  accompanied 
by  a gradual  rise  in  the  base  curve  indicating  the  gradual  completion  of 
the  conti'acture  until, out  of  the  imperfect  tetanus  there  is  de\ eloped  per- 
fect tetanus. 

Great  variation  may  be  found  in  the  formation  of  this  tetanic 
curve  depending  on  the  nature  of  the  stimuli  and  the  rate  of  application  of 
the  stimulation.  It  is  certain,  however,  that  when  muscle  is  tetanized  the 
contraction  as  represented  in  the  curve  will  be  much  greater  than  if  res- 
ulting from  a single  contraction.  In  the  case  of  a fresh  muscle  a series 
of  contractions  produces  an  increase  in  irritability,  resulting  in  an  increase 
in  the  contractions,  but  this  when  continued  reaches  a limit  which  cannot 
account  for  the  great  length  of  the  tetanic  contraction.  Helmholtz  stim- 
ulated a muscle  with  two  induction  shocks  of  equal  force  varying  the  in- 
tervening period  between  the  stimulations.  He  found  that  by  giving  the 
second  shock  during  the  period  of  latency  of  the  first  contraction  there  is 
the  same  result  as  if  but  one  stimulation  is  applied;  if  on  the  other  hand 
the  second  stimulation  takes  place  during  the  contraction  period  resul- 
ting from  the  first  stimulation,  the  contraction  resulting  from  the  second 
stimulation  is  super-added  to  the  contraction  stage  of  the  first 
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stimulation  at  the  stage  at  which  the  action  is  produced,  so  that  the  first 
and  second  contractions  are  fused  tog-ether  to  form  one  great  contraction. 
This  has;  not  been  confirmed  by  more  recent  experiments.  Kries  finds 
that  the  existence  of  the  fii'st  contraction  quickens  the  second  contraction 
aiulTfey  Has  discovered  that  the  Helmholtz  principle  of  summation  effects 
applies  only  to  the  case  of  muscles  that  are  loaded.  In  the  case  of  un- 
loaded muscles7 he  found  that  the  effect  of  summing-  the  contractions  rep- 
resents  the  maximum  when  the  second  contraction  beg-ins  during-  the 
period  of  the  contraction  resulting-  from  the  first  stimulation  If  the  sec- 
ond contraction  begins  during  the  relxcation  of  the  first  contraction  it  may 
rather  retard  t-han  assist  the  second  contraction.  It  seems  generally  ad- 
mitted that  if  the  second  contraction  begins  during  the  direct  period  of 
contraction  resulttng  from  the  first  stimulation  there  is  a summation  of 
effects.  This  may  be  explained  by  the  fact  that  the  excited  condition 
induced  by  the  first  stimulation  is  not  exhausted  and  to  this  is  added  the 
excitation  resulting  from  the  second  stimulation,  pi'oducing  the  greater 
contraction  by  the  setting  free  of  a greater  amount  of  energy. 

Yet  this  does  not  sufficiently  explain  the  great  contraction  found  in, 
connection  with  tetanus.  It  is  no  doubt  true  that  according  to  Helmholtz 
the  first  contraction  does  not  afford  a certain  basis  on  which  the  increase 
of 'a!  second  contraction  takes  place  and  so  on.  It  has  been  found  that 
when  a muscle ‘has  to  lift  a weight  through  a small  space  the  contraction 
will  be  greater  in  the  muscle,  so-that  if- the  muscle  is  stimulated  at  regu- 
lar intervals  and  if  the  weight  support  is  elevated  between  each  succeeed- 
ing  contraction  the  contraction  may  be  as  great  as  it  is  found  in  the  case 
of  tetanus.  This  can  be  secured  when  the  summation  is  rendered  im- 
possible by  keeping  the  stimuli  apart  so  as  to  prevent  summation.  It  is 
found  that  if  a muscle  unsupported  is- stimulated  quickly  very  much  the . 
same  contractions  are  found  as  in  the  case  of  a supported  muscle.  When 
stimulated  for  a definite  time  there  is  found  a change  in  the  muscle  con- 
dition which  seems  to  indicate  the  presence  of  an  internal  force  aiding  the 
external  stimulation,  resulting  in  the  increase  of  the  contraction.  This 
new  internal  element  is  spoken  of  as  the  internal  support  afforded  to  the 
muscle.  If  a muscle  is  subjected  to  a series  of  induction  shocks,  moder-- 
ate  in  strength  with  gradually  increasing  , force,  important  changes  are 
noticed  in  connection  with  the  tetanus.  At  the  opening  of  the  experiment) 
there  is  a single  contraction  followed  by  a single  relaxation.  Those  are 
followed  by  the  gradually  ascending  contractions  until  a point  is  reached 
when  the  maximum  is  attained  followed  by  a gradually  descending  contrac- 
i°n  curve.  These  facts  seem  to  indicate  that  tetanus  results  from,.'  a 
number  of  circumstances,  associated  with  the  muscle  and  the  stimuli. 

1 he  most  important  condition  however  of  the  tetanic  condition  is  that  the 
stimulations  must  bike  place''  af  brief  intervals  oT  time,  so  that  as  each 
contraction  follows  the  other  there  must  be  an  influence  imparted  to  each 
succeeding  contraction,  this  influence  being  felt  in  connection  with  in- 
creased excitability  producing  the  gradually  ascending  scale  of  contrac- 
tions; added  to  this  we  find  the  summation  of  the  effects  so  that  the  re- 
sult of  each  succeeding  stimulation  is  imparted  to  the  contraction  and  in 
this  way  additional  support  is  furnished  to  the  contracting  muscle  in  the 
a\  t of  contracting.  As  we  said,  the  chief  factor  in  the  tetanizing  of  the 
muscle  is  the  repetition  of  the  stimulation  at  brief  intervals  of  time  The 
number  of  stimuli  necessary  to  produce  tetanus  depends  on  the  condition 
offtnc.-mimcle  regulating  the  indiwdual  contractions  and,  therefore,  de- 
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tei  mining-  the  result  when  all  the  effects  are  summed  up.  The  effect  is 
also  determined  by  the  length  of  the  individual  contractions  and  the  contrac- 
tile condition  induced  in  the  whole  muscle  by  the  individual  contractions. 
Perfect  tetanus  can  be  produced  in  an  unfatigued  muscle  when  the  period  in- 
vening  between  the  stimulations  is  shorter  than  wouIcT  produce  in  the 
muscle  the  greatest  contraction  from  a single  stimulation.  When  the  un- 
striped  muscles  are  stimulated  by  lengthened  stimuli  they  pass  into  a 
a peculiai  tetanic  condition  produced  by  the  application  of  interrupted 
closures  at  intervals  of  several  seconds.  The  periods  necessarv  have 
been  estimated,  the  red  striped  muscle  of  the  rabbit  tetanizing  at  ten  con- 
tractions per  second,  the  pale  striped  muscle  at  25  or  30  per  second.  In 
the  case  of  the  muscles  of  birds  and  smaller  insects  from  100  to  250  con- 
ti  actions  per  second  are  necessary.  It  is  found  that  tetanus  can  not  be 
produced  in  the  cardiac  muscle,  the  rapidity  ot  stimulation  simplv  pro- 
ducing the  characteristic  rhythmic  contractions  peculiar  to  the  heart  ac- 
tion. 

In  regard  to  the  rapidity  of  stimulation  resulting  in  the  production  of 
tetanus  there  is  undoubtedly  a limit  to  the  tetanic  condition  produced  in 
such  a way.  Striped  muscles  and  nerves  are  capable  of  receiving  stim- 
uli at  very  rapid  rates.  It  is  claimed  by  some  that  when  the  rate  of  ex- 
citation becomes  so  great  that  it  can  be  indirectly  excited  through  the 
nerves  supplying  the  muscle  tetanus  will  not  follow.  The  high  rate 
which  fails  to  give  a tetanic  result  can  not  be  determined  because  in  each 
muscle  there  are  individual  conditions  that  determine  the  refusal  to  be 
tetanized.  The  amount  of  contraction  found  in  a muscle  when  tetanized 
depends  largely  on  the  character  and  condition  of  the  muscle.  The  pale 
striped  muscle  while  capable  of  more  frequent  single  contractions  does 
not  shew  the  same  height  of  tetanus  as  the  red  striped  muscle,  possible 
because  there  is  greater  endurance  in  the  latter.  Associated  with  the 
red  striped  muscle  we  find  a greater  abundance  of  sarcoplasm  and  for  this 
reason  this  form  of  muscle  has  been  called  the  tetanic  muscle,  because  it 
is  very  ready  to  respond  in  tetanic  contractions.  In  the  case  of  the  hu- 
man muscles  it  is  found  that  by  becoming  tetanized  they  manifest  a much 
greater  tension  when  tetanized  against  an  increasing  force. than  when 
they  respond  to  a single  stimulation.  By  analyzing  the  conditions  found 
associated  with  the  different  muscles  it  is  possible  to  determine  the  value 
of  the  different  muscle  contractions  in  the  body.  But  this  has  not  been 
attempted  so  far  in  the  human  subject.  The  tetanus  is  determined  by 
the  intensity  of  the  stimulation;  if  the  stimulation  is  strong  then  the  in- 
dividual contractions  are  greater  and  this  intensifies  the  tetanic  condition. 
This  is  of  importance  physiologically  because  all  the  normal  muscle  con- 
tractions in  the  body  are  tetanic  and  these  are  carefulty  graduated  in  in- 
tensity under  the  influence  of  the  will.  Hence  there  must  be  a yer}-  care- 
ful coordination  of  impulses  between  the  muscles  and  nerves  to  produce 
the  delicately  adjusted  muscle  contractions  that  depend  on  the  activity 
of  the  nervous  system. 

We  have  seen  already  that  by  the  use  of  a continuous,  current  of 
electricity  there  may  be  produced  a continued  contraction.  By  using  a 
very  strong  current  the  closing  of  the  current  produces  a contraction 
that  represents  the  closing  tetanus  and  the  opening  of  the  current  a con- 
traction called  the  opening  tetanus.  These  contractions  as  found  in 
connection  with  the  human  muscle  are  called  sometimes  galvanotonc.  The 
opening  tetanus  originates  at  the  positive  and  the  clotfmg  tetanus  at  the 
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negative  electrodes,  from  which  points  the. contraction  is  diffused  to  th,e 
"reaCpf  the  muscle,  unless  in  abnormal  circumstances  when  it  remains 
localized  at  the  point  of  production.  It  is.  questioned  by  some,  whether 
these  represent  a true  tetanic  condition,  because  they  do  not  arisu>  as 
otjfer  letam  From  the  application  of  a number  of  stimuli  in  frequent  suc- 
cession. 'This  is~c!amied  on  the  ground  that  in  the  closing  tetanus  there 
are  irregular  contractions  as  well  as  the  regular  continuous  contraction, 
these  intermittent  contractions  arising  probably  from  chemical  changes 
taking  place  in  the  muscle  in  connection  with  stimulation.  After  the 
muscle  is  contracted  it  assumes  its  normal  length,  otherwise  if  it  remains 
partially  contracted  it  is  said  to  be  in  a condition  of  contracture.  We  find 
this  generally  in  muscles  subject  to  strong  stimulation  and  hence  fatigued 
or  in  muscles  that  are  very  acid  or  poisoned  by  veratrin.  Mosso  found 
by  the  use  of  the  ergograph  that  this  existed  in  human  muscle.  It  is 
found  at  the  opening  of  a series  of  contractions  and  is  lessened  by  the  in- 
crease of  fatigue.  He  considers  it  a kind  of  fatigue  resulting  from  over- 
stimulation  and  exhibited  by  the  muscle  at  the  beginning  of  its  action.  In 
the  case  of  the  application  of  two  successive  stimuli,  if  each  stimulus  is 
sufficient  to  give  a maximum  contraction  the  result  will  vary  according  to 
the  time  intervening  between  the  stimulations.  If  the  stimuli  do  not  give 
a maximum  contraction  then  the  effects  of  both  stimuli  are  united  and  we 
have  a summation  of  contractions,  the  greatest  effect  being  secured  when 
the  second  stimulus  is  applied  during  or  shortly  after  the  opening  of  the 
first  contraction  period.  If  such  stimuli,  each  able  to  produce  contrac- 
tion, follow  each  other  so  as  to  prevent  the  elongation  period  in  the  relaxa- 
tion of  the  contraction  the  muscle  continues  in  a vibratory  tetanic  condi- 
tion. It  represents  a discontinuous  condition  of  the  muscle  aroused  by 
such  a summation  of  contractions.  The  fatigued  muscle  is  thrown  more 
easily  into  tetanus  because  fewer  stimuli  produce  this  condition  of  the 
muscle  in  which  the  contractions  are  fused. 

In  voluntary  contractions  of  the  human  muscle  there  is  an  imperfect 
tetanus  produced  by  the  passage  of  8 to  10  successive  nerve  stimuli  per 
second.  rl  he  frequency  of  the  stimulation  necessary  to  produce  the  te- 
tanus will  depend  on  the  rapidity  with  which  muscle  relaxation  takes 
place  so  that  if  the  rapidity  is  lessened  the  frequency  of  stimulation  may 
also  be  lessened.  It  is  this  that  causes  fatigued  muscle  to  become  tetaniz- 
ed  more  readily  by  fewer  stimuli  per  second  than  fresh  muscle  and  a 
muscle  that  is  cooled  than  a muscle  that  is  warmed.  There  is  found  a 
limit  below  which  a muscle  can  not  be  perfectly  tetanized  and  as  we  saw 
before  there  is  also  an  upper  limit  to  tetanization.  In  regard  to  the  upper 
limit  much  investigation  has  taken  place  without  any  generally  accepted 
results,  because  it  is  found  that  the  number  of  stimulations  per  second 
can  not  account  for  this  higher  limit,  account  requiring  to  be  taken  of  the 
intensity  of  the  separate  stimuli,  the  muscle  temperature  and  the  condi- 
tion of  the  muscle  itself.  Bernstein  found  that  tetanus  could  not  be  pro- 
duced when  the  rate  of  stimulation  was  250  per  second,  while  in  the  case 
of  strong  stimuli  at  a rate  of  1,700  per  second  tetanus  could  be  produced. 
Stirling  and  Krortecker  have  found  tetanus  when  stimuli  were  at  the  rate 
of  24,000  per  second.  One  difficulty  suggested  is  that  each  electrical 
shock  may  not  represent  a stimulus  so  that  the  various  experiments  in 
connection  with  the  electrical  shock  mav  not  be  a perfect  means  of  test- 
ingit.  During  the  contraction  in  a tetanized  muscle  energy  is  liberated 
that  may  be  converted  to  work.  While  the  contraction  is  preserved  no 
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work  is  done  although  there  is  a liberation  of  energy  shown  in  thr»  in. 
crease_of  CO>  given  off  and  the  amount  of. lactic  acid  developed.  Tins  in- 
dicates that  tetanus  exhausts  a muscle  “more  readily  thana 
yie  contractions.  Tetanus  may  be  produced  by  a very  slightuixlcriiai 
stimulus,  for  example,  when  the  peripheral  nerve-.  ;m-  i n j urwi  a slight 
movement  of  clothing,  a slight  draught  of  air  or  even  a sensation  produc- 
ed in  connection  with  noise  may  be  sufficient  to  throw  the  muscular  system 
into  a tetanic  spasm.  This  takes  place  reflexly  in  connection  v.ith  the 
spinal ^cord.  In  connection  with  this  tetanic  condition  it  t. . 
that  the  muscular  contraction  takes  place  suddenly,  that  the  tctani 
a considerable  time  and  that  the  “relaxation  of  the  muscle  takes  place  very 
slowly. 

Three  different  phases  have  been  distinguished  in  connection  with 
the  contractions  leading  up  to  tetanus.  (1)  When  a second  stimulation 
acts  after  the  close  of  the  contraction  resulting-  from  the  first  stimulation 
there  is  produced. a second  contraction  and  so  on  with  successive., stimuli 
and  contractions  until  the  muscle  kcornes  exhausted.  (2)  When  the 
_second  stimulus  acts  during  .the  period  of  latency  of  tin-  hr-t  o.r.trr  :: 
the  contraction  is  just  the  same  as  from  a single  "stimulus.  (3)  When  the 
second  stimulus  acts  during  the  period  of  contraction  of  the  first  stimulus 
the  contraction  corresponding  with  the  second  is  added  to  that  of  the 
.first.  If  other  stimuli  quickly  follow  the  effects  are  added  together  so 
that  a permanent  condition  is  produced  representing  the  fusion  of  all  the. 
contractions.  This  represents  the  true  tetanus  which  in  its  genesis  is  ^ 
fusion  of  individual  contractions.  The  interest  of  these  contractions  cen- 
ters in  the  fact  that  many  of  the  muscle  movements  of  the  human  bocTv 
are  tetanic  in  character;  hence  the  flexing  of  the  arm  produces  tetanus 
in  connection  with  some  of  the  muscles.  Kronecker  has  proved  this  by 
the  use  of  two  needles  one  of  which  he  placed  in  the  muscle  and  another 
in  the  muscle  tendon,  connecting  the  two  by  a telephone  arrangement. 
By  tetanizing  the  muscle  he  produced  the  characteristic  sounds  arising 
from  the  vibratory  motion  of  the  muscle.  All  the  skeletal  muscle  actions 
consist  of  this  fusion  of  single  contractions  into  tetanus.  In_the  case  of 
human  muscle  the  lowest  limit  will  represent  the  number  of  impulses 
communicated  to  the  muscles  by  the  nerves,  as  the  tone  produced  in 
connection  with  a contracting  muscle  represents  the  first  over-tone  of  a 
primary  note  resulting  from  about  19  vibrations  per  second.  Probably 
the  normal  stimulus  arises  in  connection  with  a succession  of  stimuli  pro- 
ducing muscular  power  corresponding  with  the  rate  of  rapidity  of  the  im- 
pulses as  vibrations  are  found  to  take  place  during  the  activity  of  mus- 
cle contraction.  Some  physiologists  deny  the  identity  of  the  tetanus  pro- 
duced in  connection  with  stimuli  applied  to  motor  nerves  and  the  volun- 
tary muscle  contraction.  Complete  tetanus  is  secured  by  the  application 
of  stimuli  to  a nerve  about  times  per  second,  It  is  claimed  that  when 
the  stimuli  are  applied  to  motor  nerves  through  the  cerebral  centers  not 
more  than  8 or  10  contractions  take  place  in  the  muscle  per  second,  so 
that  Schaefer  concludes  there  is  no  relation  between  the  artificial  teianus 
and  the  normal  muscle  contractions.  He  concludes  that1  the  average  rate 
of  muscle  contractions  is  about  10  per  second.  This  is  difficult  WJ  rtcon- 
cile  with  the  experiments  of  Helmholtz  aml  'Marey  in  which  very  much 
more  rapid  muscle  contractions  have  been  found.  Indeed  the  rapidity  of 
contraction  in  the  voluntary  muscles  depends  on  the  will.  Hence  by  the 
active  operation  of  the  will  very  skillful  and  rapid  movements  of  the  mus . 
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cles  may  take  place,  every  movement  depending-  on  a nervous  impulse. 
Hence  Helmholtz  says  that  for  an  unloaded  muscle  the  average  number  of 
v i b ration s Is  abo u t 10  per  second,  the  contractions  being-  discontinuous: 
while'in  the  case  of  muscle  subjected  to  strong-  contractions  he  estimates 
that  10. 5 vibrations  per  second  represent  the  averag-e. 

In  connection  with  the  normal  muscles  and  nerves  they  are  incapable 
of  .bearing-  artificial  stimulation  for  an  indefinite  time  so  that  they  readilv 
become  exhausted.  The  same  thing  is  true  of  the  muscles  subject  to 
muscle  nerve  stimulation.  When  a muscle  is  exhausted  a tetanic  condition  is 

much  more  easily  induced  the  contractile  power  being-  lessened.  i\s  the 
muscles  become  fatigued  the  contraction  of  the  muscles  becomes  more 
easy  as  the  nerve  force  becomes  exhausted.  Here  the  question  arises,  is 
the  beat  of  the  heart  along-  drawn  twitching-  or.  a brief  tetanus?  If  the 
nerve  in  a nerve  muscle  preparation  is  placed  across  the  beating  heart 
the'  cardiac  muscle  g-ives  a single  contraction  at  the  beginning  of  each  beat 
and  sometimes  at  the  close  of  the  beat.  This  is  taken  to  indicate  that  the 
contractile  movements  of  the  heart  are  single  and  not  mn|tip1f.  It  also 
indicates  that  associated  with  and  accompanying  each  contraction  of  the 
heart  there. is  a double  phase  in  the  variation.  This,  double  variation  in- 
dicates the  negative  character  of  activity  in  connection  with  uninjured 
tissue.  Thejneaning  of  this  double  variation  is  that  there  is  not  simul- 
taneous action  throughout  the  entire  cardiac  muscle  but  that  it 
takes  time  to  pass  from  one  part  to  another.  In  the  case  of  a frog’s  heart 
it  has  been  found  that  during  the  first  phase  the  base  is  negative  to  the 
apex  and  during  the  second  phase  the  apex  is  negative  to  the  base.  In 
connection  with  the  electrometer  it  is  found  that  in  the  case  of  a human 
heart  there  is  a double  movement  both  of  these  movements  being-  in  the 
same  direction.  In  opposition  to  this  view  it  is  claimed  that  the  heart 
sounds  indicate  the  tetanic  character  of  a cardiac  contraction.  I±_gyas 
originally  claimed  that  muscle  sounds  originated  only  in  connection  with 
tepinus.  But  it  has  been  found  that  the  sounds  exist  even  where  there  is 
a single  contraction,  the  sound  varying  either  short  or  long  according  to 
nhortness  or  leng-th  of  the  contraction.  Hence  in  the  case  of  the 
double,  variation  in  the  heart  ..each  ventricular  contraction  represents  a 
single  spasm,  the  only,  difference  in  the  cardiac  muscle  as  compared  with 
the  ordinary  striped  muscle  being  in  the  length  of  the  contraction. 
Hence  the  cardiac' contractions  arc  not  tetanic,  the  muscle  being  incapable 
of  tetanus. 


We  have  seen  that  a muscle  in  connection  with  a nerve  when  stimu- 
o a certain  amount  of  work.  This  amount  of  work  depends  on 
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a number  of  conditions  and  circumstances  associated  with  the  condition 
of  the  muscles  and  nerves  and  especially  with  their  nutrition  and  irrita- 
bility. A muscle  may  be  contracted  under  two  different  circumstances, 
'a)  the  muscle  may  be  free  to  contract,  in  other  words  the  contraction 
may  be  isotonic,  no  obstacle  being  presented  to  prevent  the  one  end  of  the 
muscle  from  approaching  nearer  to  the  other;  (b)  the  muscle  may  be 
hindered  from  contracting,  that  is  the  contraction  may  be  isometric,  the 
contraction  being  only  of  the  nature  of  a strain  without  any  variation  in 
the  muscle  length.  In  general  the  contraction  in  the  former  case  is  gov- 
erned by  the  stimulus  so  that  if  the  stimulus  is  feeble  the  contraction 
will  be  correspondingly  feeble  and  if  strong  it  will  g-ive  a stronger  con- 
traction. I Us  presumed  that  when  a muscle  is  stimulated  through  the 
nervous  system  all  the  nervous  fibres  are  stimulated  and  therefore  all  the 
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muscle  fibres  are  similarly  stimulated  to. contraction.  In  this  case  the 
strength  of  the  contracTion  depends  on  the  strength  of  the  stimulus. 

I his  is  true  of  the  single  induction  shocks  so  that  as  tfie  strength  of  the 
stiin ulus  is  inci  ease  dthe  muscular  contraction  ;s  increased. within  the  lim- 
its of  maximum  and  minimum  stimulation  and  contraction.  In  the  case  of 
tetanus  we  have  seen  that  with  the  increase  in  the  frequency  of  the  stimuli 
the  individual  contractionsare  lessened  until  wegetacurvein  which  the  indi- 
vidual element  is  lost  so  that  the  fused  contraction  is- very  much  greater 
than  the  individual  contractions.  The  frequency  of  the  repetition  of  the 
individual  stimuli  varies  m different  animals  and  in  different  kinds  of 
muscle  in  the  production  of  this  complete  tetanus.  In  the  ca>e  o: 
taic  contractions  it  is  found  that  the  contraction  does  not  vary  directly  with 
the  weight.  It  does  not  depend  upon  the  amount  of  the  weight  but 
rather  on  the  increase  of  the  weight  which  seems  within  certain  limits  to 
increase  the  contraction.  The  resistance  met  with  in  a weighted  muscle 
increases  the  contraction.  This  is  in  line  with  the  fact  that  when 
muscle  fibres  are  stretched  there  is  an  increased  muscle  metabolism  fa- 
voring the  increased  contraction:  'There  is  a limit  to  the  increase  of  this 
resistance^eyond  which  no  contraction  takes  place.  As  the  fibres  of  the 
muscle  are  not  so  long  as  the  length  of  the  wave  contraction,  as  the  fibre 
increases  in  length  the  contraction  produced  in  the  fibre  will  be  increased 
by  the  same  wave  of  contraction.  Hence  where  a muscle  coosistsoHa 
series  of  parallel  fibres  the  conti*action  will  depend  upon  the  fibre  lengths 
and  the  amount  of  work  to  be  done  by  the  muscle  will  be  in  direct  propor- 
tion to  the  number  of  fibres  in  the  muscle.  Hence  if  two.  muscles  are  of 
equal  length  the  muscle  with  the  greater  number  of  fibres  will  be  able  to 
do  the  most,  work  provided  the  fibres  are  of  equal  cross  sectional  area;  and 
in  the  case  of  two  muscles  equal  in  cross  sectional  fibre  area  the  muscle 
that  is  longer  will  do  the  greatest  work. 

In  connection  with  the  human  muscle  one  method  used  is  to  measure 
the  increase  in  thickness  during  the  contraction  bv  the  use  of  leverage  or 
the  Marey  tambour.  Another  method  is  to  measure  the  rapidity  of  the 
contraction  wave.  By  stimulating  a long*  muscle  at  one  end  thereon  trac- 
tion  wave  is  propagated,  the  molecular  disturbance  thus  originated  being 
transmitted  along  the  muscle  in  virtue  of  its  conductivity  the  mean  rate 
of  the  contraction  wave  being  in  the  frog  117  to  157  inches  per  second, 
while  in  the  voluntary  human  muscles  the  rate  is  about  390  to  470  inches 
per  second.  In  the  unstriped  muscle  the  contraction  wave  lasts  a longer 
time,  for  example,  in  the  ureters  and  intestines  the  wave  travels  slowly 
from  end  to  end.  The  contraction  in  this  case  is  not  tetanic  in  nature 
but  tonic  being  a single  prolonged  contraction.  When  artificially  stimu- 
lated the  contraction  passes  from  fibre  to  fibre  the  contraction  being  les- 
sened in  rapidity  by  the  contents  found  within  the  vessel  walls  which  act 
as  a force  of  resistance.  The  contraction  may  be  modified  under  the  in- 
fluence of  cold,  fatigue  or  the  approach  of  death,  lessening  the  velocity  of  the 
waves.  No  modification  of  velocity  takes  place  in  connection  with  the 
load  in  connection  with  the  muscle  or  the  strength  of  the  stimulus.  In  the 
living  skeletal  muscle  the  contraction  does  not  pass  from  fibre  t°  fibre, 
the  impulses  passing  from  the  nerve  to  the  fibres  in  connection  with. the. 
nerve  fibres. 

The  normal  muscle  contractions  are  of  the  nature  of  tetani.  The 
most  limited  muscle  contraction  is  too  long*  to  be  a single  contraction. 
As  the  muscles  can  be  stimulated  to  continuous  contractions  only  by  -a. 
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succession  of  stimuli  it  seems  impossible  to  explain  these  contractions  on 
any  other  theory.  This  implies  that  the  nerve  impulses,  are  of  a rhythmic 
character  sojthat  the  contraction  arisingin  the  muscle  in  connection  with 
the  motor  nerve  is  not  a single  continuous  contraction  but  a discontinuous 
long'  contraction.  When  the  voluntary  muscles  contract  there  is  a muscle 
soiTTTtl  Indicating-  the  vibration  of  the  fibres.  By  the  use  of  delicate  mech- 
anisms these  delicate  vibrations  have  been  found  althoug-h  no  such  vibra- 
tions seem  to  be  visible.  By  exposing-  the  surface  of  a muscle  and  keep- 
ing- it  moist  there  is  noticed  an  optical  phenomenon  especially  the  flicker- 
ing- of  the  reflected  light  indicating  the  muscle  vibrations.  Wlien  the 
muscle  becomes  fatigued  it  passes  into  a tremulous  condition,  the  tremors 
being  manifested  as  pathological  sound.  A number  of  experiments  have 
been  made  in  the  attempt  to  discover  the  rate  of  muscle  stimulation.  In 
connection  with  the  use  of  an  induced  current  it  is  found  that  following 
the  excitation  there  is  a muscle  vibration  corresponding  with  the  rate  of 
stimulation.  In  the  case  of  a muscle  in  tetanus  there  is  manifest  a con- 
tinuous contraction  accompanied  by  a number  of. sounds  corresponding 
with  the  rate  of  stimulation..  Hence  in  the  normal  muscle  the  number  of 
vibrations  would  indicate  the  number  of  impulses  given  to  the  muscle  bv 
the  nerve.  During  the  voluntary  contraction  of  a muscle  it  gives  out  a 
hollow  dull  sound  corresponding  with  the  vibration  of  about  35  to  40  per 
second.  By  placing  the  stethoscope  over  the  contracting  biceps  muscle 
the  sound  may  be  heard;  or  even  without  the  stethoscope  the  vibration  of 
the  masseter  muscles  may  be  heard  if  the  ears  are  stopped.  Helmholtz 
by  the  use  of  small  rods  placed  on  the  contracting  muscle  found  that  onlv 
those  rods  vibrating  at  the  rate  of  20  per  second  began  to  oscillate  when 
the  muscle  contracted.  Hence  he  concludes  that  the  vibrations  produce 
not  a tone  but  the  octave  or  the  overtone,  the  resonance  value  of  the  ear 
being  from  36  to  40  vibrations  per  second,  indicating  that  at  least  about 
20  vibrations  would  represent  the  vibrating  rate  of  the  muscle  contrac- 
tions. 


More  recent  experiments  seem  to  point  to  a much  slower  rate  of  from 
8 to  ten  per  second,  the  rate  depending  on  the  muscle  in  connection  with 
which  the  experiment  is  made.  Horsley  and  Schaefer  in  connection  with 
stimulations  of  the  brain  and  spinal  cord  as  well  as  the  motor  nerve  trunks, 
and  Loven  in  connection  with  the  tetanus  produced  by  strychnine  found 
that  the  vibrations  recorded  were  from  seven  to  twelve  per  second  and 
that  the  rate  of  vibration  differs  from  the  rate  of  excitation.  Loven  found 
that  the  muscle  sound  become  louder  on  the  application  of  tffie' weakest 
current  that  could  produce  tetanus.  The  resulting  sound  corresponded 
with  the  number  of  vibrations  in  the  next  octave  below’.  When  the  cur- 
rent becomes  stronger  the  muscle  sound  vanishes  although  it  is  found  to 
reappear  when  the  number  of  vibrations  are  the  same  as  in  the  case  of 
the  interrupter  of  the  induction  by  the  use  of  a stronger  current.  Bv  the 
application  of  induction  shocks  to  the  nerve  the  sound  is  lessened  although 
it  possesses  the  same  number  of  vibrations  as  the  interrupter.  If  the  in- 
duction shocks  arc  rapid  Bernstein  found  that  tones  were  produced  by  as 
many  as  a thousand  vibrations  per  second.  It  has  been  found  that  oscil- 
lations increase  as  the  muscle  becomes  fatigued.  It  is  difficult  to  recon- 
cile this  contraction  rate  with  the  view  that  muscular  action  normally  rep- 
i esents  a tetanic  condition.  It_is  found  that  muscle  can  be  continuously 
contracted  voluntarily  while  at  the  same  time  developing  brief  quick  con- 
tractions. This  has  been  .explained  by  some  on  the"  basis  of  a double  in- 
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nervation  of  the  muscle,,  while  others  explain  it  on  the  ha  sis  of  a Hr, 
muscle  substagee,  the  one  responding  slowly  the  other  more  rapidly  ~ if 
these  explanations  are  correct  there  must  be  a double  contraction  series 
taking-  place  in  the  muscle,  althoug-h  the  evidence  seems  to  point  in  the  di- 
rection of  the  tetanic  characterof  the  muscle  contraction.  It  is  charartqri^- 
tic  in  any  case  of  the  muscle  contraction  that  when  the  muscle  contra  ts 
ll  it  is  kept  in  a condition  of  tension  in  connection  with  the  resistance 
force  it  will  give  a semi-musical  tone.  Helmholtz  thinks  that  these  mus- 
cle vibrations  produce  the  resonance  tone  of  the  ear.  We  do  not  hear  the 
low  tone  as  the  number  of  vibrations  per  second  is  too  few  but  we  hear 
the,first  overtone  in  which  the  number  of  vibrations  is  donble  that  of  the 
oscillations.  In  the  case  of  a single  muscle  twitching  a short  sharp  sound 
may  be  produced.  Hence  the  stimulation  of  the  muscle  by  a single  in- 
duction shock  causes  a sound  of  a sharp  character  called  the  contraction 
sound,  coinciding  with  the  period  of  the  negative  variation.  This  indi- 
cates that  the  muscle  sound  simply  does  not  enable  us  to  say  whether 
the  contractions  of  the  human  muscle  are  tetanic  in  character  or  not. 
There  is  an  indication  in  the  fact  that  the  muscle  vibrations  are  constant 
in  connection  with  the  various  nerve  stimuli,  that  these  vibrations  repre- 
sent rhythmical  changes  so  that  in  all  voluntary  muscles  when  contracting 
there  is  an  oscillation  that  is  constant.  This  gives  evidence  of  the  discon- 
tinuous character  of  the  contraction.  Secondary  tetanus  however  does 
not  result  from  voluntary  contraction:  This  of  itself,  does  not  disprove 

the  existence  of  a normal  tetanus  because  chemical  stimuli  do  not  produce 
secondary  tetanus. 

This  does  not  settle  the  question  however  whether  the  nervous  im- 
pulse is  a continuous  or  a discontinuous  current.  It  would  seem  accord- 
ing to  some  that  some  of  the  shorter  contractions  are  not  tetanic,  the  time 
allowed  for  such  a contraction  being  too  short  to  admit  of  anything  more 
than  a single  contraction.  It  is  found  that  when  the  excitant  is  of  the 
same  strength  there  is  a difference  between  the  irritation  taking  place  di- 
rectly or  taking  place  through  a nerve.  Rosenthal  has  experimented  in 
this  Connection  by  allowing  the  nerve  of  a muscle  forest  on  a muscle  cur- 
arized  while  an  electrical  shock  is  applied  so  as  to  excite  the  first  nerve 
and  the  muscle  on  which  it  rests  to  the  same  extent,  with  the  result  that 
the  latter  muscle  contracts  less  than  the  former.  This  is  in  line  with  the 
principle  that  when  the  stimulation  is  voluntary  there  is  a much  stronger  re- 
sponse than  when  stimulation  is  artificial.  This  is  carried  even  further  tor 
when  a muscle  is  fatigued  it  will  respond  to  volu  n tary  stim  illation,  whereas  it 
has  ceased  to  give  any  response  to  artificial  stimulation.  Hence  the  normal 
stimulation  of  a muscle  is  more  effective  than  the  artificial  stimulation. 
Mosso  finds  that  there  is  very  little  difference  between  the  muscles  of  the 
human  subject  and  that  these  differ  only  slightly  from  other  warm  blooded 
muscles  and  even  cold  blooded  muscles.  A muscle  isgnore  readily  fatigued 
by  artificial  stimulation  but  the  voluntary  impulses  passed  through  the  ner- 
vpus  system  do  produce  ultimately  fatigue.  In  these  cases  however  it  is 
a question  whether  the  fatigue  exists  in  the  muscle  or  in  the  neyxsiJis-sys- 
tem,  particularly  in  connection  with  the  nerve  cells.  This  is  indicated 
by  the  fact  that  the  nerve  cells  arc  exhausted  before  the  muscles. 

In  this  fact  we  have  an  explanation  of  another  fact  that  a muscle  when 
exhausted  by  electrical  stimulation  can  still  be  contracted  by  the  will. 
There  is  certainly  considerable  advantage  to  the  body  organism  in  the 
fact  that  the  muscles  should  have  greater  endurance  against  lat'gue  th  1 
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the  nerve  cells  because  this  protects  the  muscles  from  over-exertion. 
The' word  fatigvie'ph vsiologicall v indicates  a condition  of  lessened  capaci- 
ty for  work  inducecT’in  a muscle  in  connection  with  prolong-ed  activity. 
Accompanying-  tms  fatigue  in  the  human  muscles  there  is  a feeling  of 
weariness.  A muscle  that  is  fatigued  very  readily  recovers  its  contrac- 
tility in  the.  living  subject.  Waller  regards  fatigue  resulting  from  over 
stimulation  as  analogous  to  the  loss  of  excitability  on  the  death  or  degen- 
eration of  a muscle.  Fatigue  is  produced  probably  as  we  have  seen  parti- 
ally by  the  accumulation  of  certain  waste  products  in  the  tissue,  these 
products  being  formed  in  the  muscle  during  activity;  and  partly  from  the 
lack  of  nutriment  tosustain  the  muscle  in  connection  with  furtherexertions, 
In  order  to  get  the  same  amount  of  activity  from  a muscle  that  is  fatigued 
the  stimulation  requires  to  be  very  much  stronger.  A muscle  that  is  fa- 
tigued cant  nodoa  very  large  amount  of  work  so  that  there  is  a diminution  of 
its  absolute  working  force.  The  more  rapidly  the  contractions  follow 
each. other  the  greater  will  be  the  condition  of  exhaustion  induced  in  the 
muscle.  A muscle  that  is  fatigued  contracts  slowly  the  latent  period  be- 
ing also  longer.  It  is  claimed  by  some  that  a fatigued  muscle  has  greater 
extensibility.  By  loading  a muscle  with  a weight  which  it  cannot  lift 
when  it  contracts  there  is  a greater  fatigue  induced  in  the  muscle  than  if 
the  muscle  could  lift  the  load.  In  connection  with  a series  of  contractions 
it  is  Found  that  with  the  increase  of  the  number  of  contractions  the  con- 
tractions become  longer  and  the  latent  is  also  longer.  Bv  ligaturing-  the 
artery  and  stimulating  the  motor  nerve  it  is.iaund  that  from  100  to  350 
contractions  in  two  or  three  minutes  produces  complete  muscular  fatigue, 
although  the  muscle  still  retain  thes  power  to  respond  to  direct  stimula- 
tion by  contraction.  The  muscle  is  fatigued^  very  much  more  rapidly 
than  the  nerve  although  the  nerve  may  be  exhausted  more  rapidly.  The 
fatigue  seems  to  Begin  in  connection  with  the  end  plates.  If  the  nerve 
conductivity  is  affected  by  fatigue  before  irritability.  Waller  states  that 
after  death  nerve  irritability  continues  even  after  its  action  on  tfre  muscle  has 
ceased,  the  muscle  still  continuing  subject  to  direct  stimulation.  In  is 
possible  that  this  is  due  to  the  direct  effect  which  fatigue  produces  on  the 
motor  terminal  plates. 

In  the  case  of  a frog  poisoned  with  veratrin  it  is  found  that  bv  stimu- 
lating the  muscle  electrically  the  elongation,  following  contraction 
gradually  disappears  although  it  reappears  after  a period  of  rest.  By 
the  use  of  strychnine  the  same  action  will  be  found  the  strychnine  affec- 
ting the  spinal  cord  as  the  veratrin  affects  the  muscle.  Recovery  from 
the  fatigued  condition  is  assisted  by  permitting  a constant  electric  cur- 
rent to  pass  through  the  muscle  or  by  injecting  fresh  blood  into  the  ves- 
sels or  by  the  use  of  small  doses  of  veratrin.  After  a muscle  has  come 
completely  fatigued  it  is  found  that  the  muscle  fibres  become  granular 
and  show  signs  of  degeneration.  The  cross  striae  remain  visible  so  long 
as  the  sarcoplasm  is  not  decomposed  but  as  soon  as  it  decomposes  the 
ci  oss  sti  iation  disappears.  This  indicates  that  important  degenerative 
changes  take  place  in  connection  with  the  muscle  when  it  is  fatigued. 
Heat  when  brought  to  bear  upon  the  muscle  within  definite  limits  pro- 
duces an  increase  of  muscle  irritability  and  conductivity,  also  assis- 
ting the  changes  that  take  place  in  connection  with  the  libera- 
tjon  of  energy.  By  raising  the  temperature  the  latent  period  of  stimula- 
tion is  lessened,  the  period  of  contraction  is  increased  while  at  the  same 
ime  both  contraction  and  relaxation  take  place  in  a shorter  time.  This 
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of  course  is  limited  by  the  temperature  of  45  degrees  in  the  case  of  a fro </• 
and  51  degrees  in  the  case  of  human  muscle  which  represents  the  sta</-e 
after  which  thermal  rigor  begins  accompanied  by  the  loss  of  vitality 
Cold  has  the  opposite  effect  to  that  of  heat  so  that  by  cooling  the  muscle 
there  is  a prolongation  of  the  periods  of  latency,  contraction  and  relaxation. 
1 he  results  of  heat  in  connection  with  the  muscle  are  not  simple  but  cum- 
plex.  In  the  case  of  striped  muscle  during  the  time  that  it  is  cooled  if 
stimulated  from  time  to  time  by  single  shocks  it  is  found  that  there  is 
not  a giadual  deciease  in  the  contractions.  A maximum  of  contractions 
is  attained  about  30  degrees  C,  from  30  to  20  degrees  there  is  a decrease, 
fi'om  20  degrees  to  zero  there  is  an  inci*ease  and  below  zero  there  is 
another  decrease  in  the  contraction  until  at  freezing  point  there  is  no 
muscular  contraction  at  all. 

The  influence  of  chemicals  upon  the  muscle  is  not  only  to  change 
the  irritability  and  the  contractility  of  the  muscle  but  also  to  changelhe 

character  of  contraction.  The  most  interesting  chemical  from5  this 
standpoint  is  veratrin.  If  a small  quanity  of  veratrin,  one  per  cent  solu- 
tion, is  injected  subcutaneously  in  the  brainless  frog  the  reflex  movements 
in  connection  with  the  spinal  cord  are  completely  altered,  the  contrac- 
tions resulting  from  stimulation  being  of  the  nature  of  a spasm,  the  relax- 
ation being  diminished.  The  action  of  veratrin  is  upon  the  muscle  itself 
as  is  evident  from  the  fact  that  by  poisoning  the  muscle  with  veratrin  and 
placing  it  in  connection  with  the  myograph  the  contraction  resulting  from 
a single  shock  will  indicate  a normal  contraction  and  an  abnormally  pro- 
longed relaxation.  Sometimes  between  the  contraction  and  relaxation 
there  is  a check  indicating  that  the  relaxation  has  begun  and  been  cut 
short  possibly  by  a second  contraction  to  be  followed  by  the  relaxation. 
This  condition  of  continued  contraction  represents  a contracture  which 
may  pass  away  by  the  exercise  of  the  muscle,  indicating  that  it  is  a chem- 
ical effect  upon  the  muscle,  not  of  the  nature  of  fatigue.  Kick  savs  that 
more  heat  is  produced  during  this  contracture  than  during  the  normal 
resting  condition  and  this  seems  to  indicate  that  it  represents  an  active 
condition  of  contraction.  The  deviation  between  the  contraction  and  the 
relaxation  has  been  taken  to  indicate  the  fact  that  there  are  two  kinds  of 
muscle,  the  one  contracting  slower  than  the  other,  so  that  as  the  first  con- 
traction is  produced  more  quickly  and  the  second  more  slowly  the  relax- 
ation is  intercepted  by  the  variation  between  the  two  contractions.  By 
the- use  of  carbonate  of  sodium  the  same  interrupted  relaxation  or  double 
contraction  of  the  muscles  may  be  found.  A similar  double  contraction 
it  is  claimed  is  found  associated  with  the  muscles  of  frogs  in  connection 
with  increased  irritability  arising  from  frequent  irritation.  The  same 
phenomena  are  found  associated  with  barium  salts  and  also  with  calcium, 
the  prolongation  of  the  relaxation  being  characteristic  without  any  dim- 
inution of  the  contraction.  Potassium  salts  cause  the  muscle  to  degener- 
ate so  that  as  the  degeneration  is  developed  stimulation  results  in  length- 
ened contractions  and  relaxations.  This  however  is  different  fron  the 
effect  produced  by  the  other  chemicals  because  it  is  associated  with  a quick 
diminution  in  muscle  contraction. 

According  to  the  law  of  the  conservation  of  energy  applied  in  the 
case  of  the  living  body  when  a muscle  contracts  a certain  amount  of  energy 
is  liberated,  the  energy  not  being  lost  but  transferred  to  some  form  of  ac- 
tivity. When  energy  is  liberated  it  passes  into  some  of  the  vital  phenom- 
onea.  In  connection  with  muscular  contraction  certain  chemical  changes 
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take  place  these  changes  being  associated  with  the  transformation  of  po- 
ential  into  kinetic  energy,  In  connection  with  the  muscles  we  find  that  the 
transfer  of  this  energy  takes  place  into  mechanical,  thermal  and  electrical 
phenomena.  The  greatest  part  of  the  energy  set  free  is  transformed  to 
heat  and  liberated  in  the  forms,  of  motion  and'  heat.  There  are  varying 
proportions  of  these  two  forms  of  energy  depending  on  the  nature’ and 
conditions  of  the  muscle  and  also  the  kind  of  work  done  by  the  muscle. 
Kick  claims  that  in  case  the  muscle  acts  against  strong  resistance  25  per- 
cent of  the  energy  liberated  may  be  transformedjinto  mechanical  work  while 
in  the  case  of  a small  resistance  not  more  than  live  to  ten  percent  of  the 
liberated  energy  becomes  mechanical  work.  Thus  a large  part  of  the 
energy  developed  in  connection  with  a contracting  muscle  becomes  heat. 
According  to  Engelmann  in  che  muscle  contraction  the  anisotropous 
elements  absorb  part  of  the  isotropous  fluid  materials  chiefly  in  connec- 
tion with  the. evolution  of  heat.  If  this  is  so  then  the  first  transformation 
taking  place  is  into  heat  part  of  this  being-  utilized  as  heat  and  part  of  it  as 
mechanical  energy  in  connection  with  which  a reconversion  of  heat  takes 
place. 


The  method  of  calculating  the  amount  of  mechanical  energy  set  free 
by  a muscle  is  by  estimating  the  amount  of  work  it  does.  This  means  that 
an  amount  of  energy  is  imparted  to  external  objects  as  in  lifting  a weight. 
The  amount  of  mechanical  work  done  being  estimated  by  multipl  ving^the 
weight  lifted  by  the  height  to  which  itis  lifted.  The  capacity  for  work  on  the 
part  of  the  muscle  depends  on  certain  conditions,  (1)  in  connection  with 
the  muscle.  Different  kinds  of  muscle  can  do  different  degrees  of  work, 
the  muscles  of  the  cold  blooded  animals  being  less  capable  of  work  than 
those  of  the  warm  blooded  animals.  The  human  muscles  can  do  more 
work  than  the  muscles  of  a frog  the  ratio  being  about  four  to  one.  The 
capacity  to  do  mechanical  work  also  depends  on  the  constitution  of  the 
special  muscle,  the  muscular  power  being  represented  by  the  amount  of 
weight  which  when  the  muscle  begins  to  contract  prevents  the  contrac- 
tion without  interfering  with  the  muscle  by  way  of  stretching  it.  In 
other  words  its  muscular  capacity  is  represented  by  the  force  which 
counteracts  exactly  the  power  of  contractility  supposing  that  the  muscle 
is  stimulated  to  the  maximum  of  contraction.  This  amount  of  muscle 
force  will  therefore  depend  on  the  proportion  of  the  contractile  substance 
in  connection  with  the  muscle  and  also  the  arrangement  of  the  muscle 
fibres.  Phe  strength  of  the  muscle  depends  on  the  wav  in  which  the 
musde  fibres  arc  arranged,  being  estimated  in  reference  to  the  cubic 
centimeter.  Thus  the  muscle  force  of  a frog’s  muscle  is  about  six  and 
one-half  pounds  per  c.  c.  and  the  human  muscle  about  three  or  four  times 
that  of  th.e  f ro»>  name]  y20  to  26  lbs.  per  c.  c.  Insects  from  theis  size 
can  do  an  immense  amount  of  work  hence  an  insect  can  pul1  65  times  its 
body  weight  compared  with  a horse  which  can  pull  only  about  twice  its 
weight.  While  the  absolute  muscular  force  is  thus  estimated  we  must 
remember  that  certain  limitations  exist  to  lessen  the  muscular  force- 
anything  that  tends  to  diminish  irritability,  for  example,  lack  of  nutrition 
oi  exhaustion  will  diminish  the  capacty  for  work  by  lessening-  the  amount 
of  energy  set  free,  while  anything  that  increases  irritability  will  at  the 
same  time  tend  to  increase  the  working  force.  The  most  favorable  con- 
< ition  is  that  of  resistance  as  the  resistance  to  the  muscular  force  stimu- 
lates the  liberation  of  energy  to  overcome  the  force  of  resistance, 

(2)  Conditions  in reference  to  the  stimulation.  Wehaveseen  that  with 
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the  increase  of  stimulus  there  is  an  increased  amount  of  enemy  set  free 
within  definite  limits.  In  addition  to  this  a number  of  quickly'  repeated 
stimuli  ai  e moi  e valuable  than  a single  stimulus,  because  in  this  wav  irri- 
tability is  heightened  and  the  tetanic  condition  is  induced  so  that  the  mus- 
cle is  bi  ought  into  a condition  capable  of  doing  a larger  amount  of 
work.  When  a muscle  is  free  and  unweighted  no  work  is  done;  if  a mus- 
cle when  it  contracts  strongly  does  not  shorten  because  of  the  tension 
then  no  work  is  done;  and  if  a muscle  simply  lifts  a weight  and  lowers  it 
during  relaxation  without  changing  the  environment  as  the  effect  of  acti- 
vity no  work  is  done.  In  these  cases  mechanical  work  is  meant  because 
in  all  these  cases  there  is  pnysiologically  work  done  resulting  in  the  pro- 
duction of  exhaustion.  It  is  true  that  energy  is  developed  in_connection 
with  the  muscle  but  this  energy  assumes  "the  form  of  heat.  <3)  The 
weight  represents  an  important  condition  in  connection  with  the.  muscle., 
contraction  because  it  determines  the  amount  of  shortening  that  t*k-p<  place. 
In  the  case  of  a muscle  which  supports  a load  at  its  normal  resting  length 
and  is  then  stimulated  to  a number  of  maximal  contractions,  the  toad  be- 
ing  increased  at  each  contraction,  the  contraction  in  the  muscle  is  gradu- 
ally diminished  but  there  is  no  direct  relation  between  the  amount  of  con- 
traction and  the  increase  in  the  load.  The  contraction  is  diminished 
more  ra.pidly  at  the  beginning  while  it  is  lessened  later.  Tension  has 
also  an  important  bearing  on  muscle  contraction.  If  a muscle  is  connect- 
ed with  a spring  and  stimulated  to  isometric  contraction  and  while  the 
contraction  takes  place  if  the  muscle  is  freed  from  the  load  represented 
in  the  spring,  the  contraction  of  the  muscle  will  be  found  to  be  greater 
than  if  the  contraction  were  excited  without  any  tension.  This  is  seen 
best  in  connection  with  the  cardiac  muscles.  By  increasing  the  blood 
pressure  in  the  heart  under  experiment  the  rate  as  well  as  the  force  of 
the  cardiac  contraction  is  increased,  the  increased  pressure  representing 
the  condition  of  tension.  In  the  case  of  a muscle  bv  increasing  gradually 
the  weight  the  contraction  isgradually  diminished  while  the  amount  of 
work  is  temporarily  increased.  After  a time  a limit  will  be  reached  and 
the  amount  of  work  will  decrease  until  a point  will  be  reached  when  the 
muscle  can  just  support  the  work.  This  will  represent  the  absolute 
muscle  capacity.  The  first  result  of  contraction  in  a muscle  is  the  ten- 
sion of  the  muscle  suddenly  and  the  greater  the  load  in  connection  with  the 
muscle  the  greater  will  be  the  elongation.  In  this  way  at  the  openingof  the 
contraction  there  is  an  expenditure  of  part  of  the  energy  without  an  v effect. 
The  way  in  which  the  weight  is  applied  has  an  important  bearing  on  the 
work  to  be  done  by  the  muscle.  By  applying  the  weight  before  the  begin- 
ning of  the  contraction  so  that  the  muscle  is  in  a condition  of  tension 
when  the  stimulation  is  applied  there  is  an  effect  produced  in  connection 
with  the  increased  metabolism  that  interferes  with  the  work  to  be  done. 
Hence  it  is  better  to  after  weight  the  muscle  that  is  to  prevent  the  weight 
being  laid  on  the  muscle  till  the  contraction  begins. 

(4)  The  muscleJndividuality  has  an  important  bearing  on  its  capaci- 
ty for  work.  Not  only  do  the  muscles  of  different  animals  vary  in  the 
rate  of  contraction  and  work  that  can  be  accomplished,  but  even  in  the 
same  animal  such  differences  exist.  In  the  case  of  the  rabbit  the  con- 
traction of  the  pale  muscle  like  the  adductor  magnus  is  much  faster  than 
that  of  the  red  like  the  semi-tendinosus.  This  does  not  always  depend 
on  the  histological  structure  of  the  muscle,  for  example  the  gastrocne- 
mius muscle  of  the  frog  contracts  four  or  five  times  faster  than  the  hyo- 
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glossal.  In  the  human  subject  the  muscles  of  the  leg-  contract  much 
slower  than  those  of  the  arm.  Here  we  have  an  individual  coefficient  of 
contraction  in  the  individual  muscles.  The  muscles  therefore  represent 
perfect  mechanisms  in  the  use  of  the  materials  of  which  they  consist  and  in 
the  fact  that  by  continued  use  they  increase  in  capacity  for  work.  In  the 
case  of  the  maximal  stimulation  producing  the  greatest  muschlar  contrac- 
tion there  is  an  increase  of  work  within  definite  limits.  By  increasing 
the  weight  so  that  the  height  to  which  it  is  lifted  is  lessened  then  the 
amount  of  work  done  is  diminished. 

Certain  principles  have  been  laid  down  in  connection  with  muscle 
work,  fa)  the,  greater  thQ  cross  section  fibre  area  of  a muscle  the  greater 
the  amount  of  work  it  can  dq;  (b)  the  longer  the  muscle  fibres 
the  greater  the  height  it  can  lift  a weight;  (c)  the  greatest  weight  can  be 
lifted  by  a muscle  when  it  commences  to  contract,  while  during  the  prb- 
gres  of  contraction  the  weight  that  can  be  lifted  is  lessened  so  that  when 
the  contraction  is  maximal  the  smallest  load  can  be  lifted;  (d)  the  abso- 
lute muscle  force  represents  the  load  which  can  be  lifted  by  the  muscle 
just  when  the  muscle  is  subject  to  a maximal  stimulation  without  any 
muscle  elongation;  (e)  In  the  tetanic  condition  of  a muscle  if  the  load  is 
continued  in  suspension  no  work  is  done  by  the  muscle  although  there  is 
physiological  work  done.  In  connection  with  the  tetanic  condition  there 
is  an  increased  metabolism  representing  the  change  of  potential  enero-'v 
into  heat.  In  connection  with  muscle  stimulation  by  moderate  stimuli^ 
is  found  in  connection  with  work  that  either  the  load  varies  while  the 
stimulus  is  weak  so  that  the  same  principle  would  apply  as  in  the  case  of 
maximal  stimulation;  or  the  load  may  not  vary  while  there  is  variation  in 
the  stimulus.  In  the  latter  case  the  principle  of  maximal  stimulation 
does  not  apply  but  the  amount  of  work  done  increases  directly  with  the 
increase  of  the  stimulus.  During  muscular  activity  there  is  an  increased 
blood  supply  so  that  the  amount  of  blood  circulating  through  the  muscle 
is  increased  the  vaso-dilator  fibres  being  excited  along  with  the  motor 
ii ores  because  these  lie  in  the  same  path. 

1 he  coefficient  value  of  certain  individual  muscles  or  groups  of  mus- 
cles may  be  determined  by  the  dynamometer.  This  is  used  often  to  de- 
termine the  capacity  of  muscles.  By  grasping  the  instrument  an  index  is 
preserved  of  the  force,  Ouetelet  estimating  the  pressure  of  the  two  hands 
in  the  male  at  154  lbs.,  the  pulling  force  308  lbs;  in  the  case  of  the  female 
the  pressure  force  is  104  and  the  pulling  force  208  lbs.  Hence  he  esti- 
mates that  a man  can  carry  a load  equal  to  twice  his  body  weight,  while  a 
lemale  can  carry  a load  equal  to  her  body  weight.  In  considering-  the 
work  done  by  an  individual  we  must  consider  not  only  the  work  done  at 
a definite  period  but  at  successive  periods,  hence  it  is' said  that  the  aver- 
age daily  work  of  an  individual  working  eight  hours  per  day  is  eleven  kilo- 
gram-meters per  second  representing  daily  about  300,000  Kg-ms.  Mus- 
cular work  may  be  lessened  or  increased  by  the  use  of  certain  chemicals 
mLei'amp  , m-?rul7’  digitalis,  helebore  have  the  effect  of  paralyzinJ- 
( StlrcJvo£k  production;  while  veratrin,  glycogen,  muscarin  have  the  ef- 
revt  (d  increasing  the  amount  of  work  that  can  be  done. 

0)  . trC  noi,'1Tlal  -,d-y  tlu>  musrle  tension  has  a good  deal  to  do  with 

thT'f,  -°  '?ork  ,lum'\  KvC,'v  clHstic  b™fv  has  Tts  normal  position 
, r 1 ft5r  ,he‘nK  stretched  it  tends  to  regain  this  normal  position.  In 
thc  arc  slightly  stretched  on  account  of  the 

muscle  relations  to  bone,  tendon  etc.  This  stretching  is  very  important  he 
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^cjfit_did  not  exist  the  body  movements  would  not  be  possible.  This 
tension  depends  on  the  action  of  differ^mt  muscle  groups’ especially  the 
antagonistic  muscles.  The  elasticity  of  an  active,  muscle  is  less  tH„nth,t 
ot  a passive  muscle,  that  is  it  may  be  stretched  more  if  active  than  if  passive 
under  the  influence  of  a weight.  On  account  of  this  tension  when  con- 
ti  action  takes  place  no  time  is  lost  and  no  energy  expended  in  getting  the 
muscle  into  a contractile  condition;  at  the  same  time  this  muscle  tension  les- 
sens the  shock  of  the  contraction  so  that  it  does  not  take  place  suddenly 
but  gradually,  preventing  the  tearing  of  the  muscle  attachments.  Th’e 
muscle  energy  passes  from  the  body  through  this  elastic  medium  to  the 
external  body  so  that  on  account  of  elasticity  the  amount  of  work  done  is 
considerably  increased.  In  connection  with  the  work  done  by  a muscle 
there  are  therefore  various  forms  of  functioning, '(a)  that  of  the  stimulus. 
In  general  the  contraction  increases  with  the  increase' of  stimulus,  first 
quickly  and  then  more  slowly  until  the  attainment  of  a maximum  after 
which  on  account  of  fatigue  the  contraction  decreases.  Thisof  itself  can- 
not determine  the  work  because  the  work  is  the  product  of  the  contrac- 
tion and  the  weight  lifted;  (b)  that  of  the,  weight.  If  the  stimulus  is 
preserved  the  same^while  the  load  lifted  is  gradually  increased  it  is  found 
that  as  the  weight  increases  the  contraction  increases  to  a point  from 
which  by  the  increase  of  weight  there  is  a decrease  of  contraction;  (c  ) that 
of  time  in  connection  with  the  stimuli,  By  varying  the  time  between  the 
stimuli,  while  preserving  the  load  and  the  stimulus  the  same,  it  is  found 
that  if  a certain  time  is  allowed  to  intervene  between  stimuli  the  amount 
of  work  done  can  be  preserved;  while  if  the  time  is  lessened  the  muscle 
becomes  fatigued.  Hence  the  work  done  depends  on  the  weight,  the 
length  of  the  muscle  and  the  cross  section  area  of  the  muscle,  or  since  the 
last  two  represent  the  weight  of  the  muscle  in  activity  it  depends  on 
the  weight  of  the  load  and  the  weight  of  the  muscle. 

By  the  use  of  Mosso’s  ergograph  estimates  may  be  made  of  the  work 
done  in  Kg. -ms.  The  half  supinated  arm  has  an  attachment  to  a horizontal 
bar,  around  the  middle  linger  being  attached  a ring  with  a cord  passing 
over  a pulley  the  cord  bearing  a weight.  The  hand  is  kept  in  its  position 
by  the  insertion  of  the  second  and  fourth  fingers  into  tubes.  The  raising  of 
the  weight  by  the  middle  finger  is  registered  so  that  the  movements  can  be 
accurately  measured  and  compared.  Here  we  come  to  a subject  of  con- 
siderable . importance,  namely  the  scientific  application  of  exereise  in  con- 
nection with  physiological  culture.  Exercise  certainly  furnishes  a thera- 
peutic agent  and  to  Osteopath  y exercise 'from  the  standpoint  of  tile  patient 
and  physician  represents  one  of  the  most  important  therrpeutic  means. 
To  adjust  the  amount  of  muscle  exercise  to  the  condition  of  the  patient  is 
certainly  a problem  of  great  difficulty  on  account  of  the  lack  of  symmetry 
in  the  muscular  system  of  invalids.  It  is  claimed  and  with  great  truth 
that  in  all  adults  on  account  of  peculiar  habits  of  life  some  of  the  muscle 
groups  have  been  allowed  to  fall  into  idleness.  It  is  this  that  gives  rise  to 
the  concave  chest,  the  rounded  shoulders,  the  prominent  abdomen,  the 
curved  condition  of  the  spine  and  the  abnormal  position  of  the  head.  In 
the  case  of  chronic  diseased  condition  it  is  almost  impossible  to  find  a case 
in  which  some  of  these  abnormalities  are  not  found.  Attempts  have  been 
made  to  form  a scientific  ideal  on  the  basis  of  anthropometry  but  these 
have  failed  because  individual  structural  variations  are  so  frequent  that 
the  standard  must  be  in  quality  rather  than  in  the  quantity  of  the  muscle. 
One  reason  for  the  imperfection  in  the  diagnosis  of  these  cases  is  that  no 
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accurate  dynamometers  were  available  in  connection  with  which  all  the 
different  groups  of  muscles  could  be  tested.  This  is  practically  obviated 
by  the  invention  of  the  Kellogg  dynamometer  by  means  of  which  every 
group  of  muscles  can  be  tested  so  as  to  determine  the  relative  strength  of 
tTTeinuscle.  It  can  be  applied  in  connection  with  the  upper  and  lower  ex- 
tremities, the  muscles  of  the  trunk,  of  the  neck  and  the  thorax.  The 
principle  on  which  it  works  is  to  apply  the  resistance  of  the  dynamometer 
atthe  peripheral  end  of  the  bone  that  is  inconnection  with  the  group  of  mus- 
cles tested  so  as  to  test  the  muscles  while  securing  the  isolation  of  the 
muscles  from  all  other  muscles.  Bv  the  use  of  the  percentage  principle 
in  connection  with  the  graphic  method  the  capacity  of  different  muscles 
and  groups  of  muscles  can  be  obtained  so  that  the  amount  of  exercise  can 
begraduated  ip  proportion  to  the  capacity  of  each  muscle,  so  as  to  secure 
the  symmetrical  development  of  the  muscles  of  the  body.  Here  we  have 
the  basis  of  the  true  principle  of  physiological  culture.  By  regarding 
300,000  foot-lbs.  as  the  normal  exercise  required  for  an  individual  whose 
strength  capacity  is  10,000  lbs.  we  have  the  basis  for  establishing  a defi- 
nite relation  between  the  capacity  for  work  and  the  amount  of  work  done. 
The  total  capacity  for  work  in 'an  average  individual  is  1,800,000  and  by 
dividing  this  by  10,000  we  get  180  representing  the  principle  that  for 
every  lb.  of  capacity  the  muscles  can  do  180  foot  lbs  of  work.  The  exer- 
cise is  estimated  at  about  one-sixtli  of  work  value,  so  that  in  a person 
normally  developed  every  muscle  must  perform  an  amount  of  work  equal 
to  30  times  its  capacity  to  lift  a weight,  this  capacity  being  determined  in 
connection  with  the  dynamometer.  In  connection  with  this  instrument  it 
is  possible  to  diagnose  paralysis  in  connection  with  the  motor  system,  as 
it  selects  the  muscles  that  are  affected  indicating  the  point  where  to  look 
for  a central  lesion,  the  paralytic  condition  representing  the  symptoms  of 
the  central  lesion.  Byffts  use  the  nerve  fibres  and  nerve  centers  can  also 
be' tested  so  as  to  gain  an  exact  account  of  the  dynamic  value  of  the  motor 
system.  It  can  also  be  made  use  of  to  indicate  the  progress  towards  rc- 
-chyery  in  paralytic  conditions. 

One  important  use  of  this  instrument  is  to  compare  the  muscular 
condition  of  the  male  and  female.  The  tabulated  results  indicate  from 
the  comparison  of  200  healthy  men  and  200  healthy  women  the  great  rela- 
tive strength  of  the  male  as  compared  with  the  female,  the  various  groups 
of  muscles  in  the  female  as  compared  with  the  male  representing  a 
strength  varying  from  .39  to  .65  of  that  of  the  male,  representing  an  aver- 
age of  about  half  the  strength  of  the  groups  of  the  muscles  in  the  male. 
Some  interesting  results  have  been  found  in  comparing  the  strength  of 
various  groups  of  muscles,  for  example,  the  posterior  muscles  of  the  neck 
represent  about  twice  the  strength  of  the  anterior  muscles  in  the  male 
and  female;  the  arm  flexors  in  the  male  are  about  half  and  in  the  female 
about  one-third  I fie  strength  of  the  hand  flexors;  the  latissimus  dorsi  and 
the  muscles  active  in  inspiration  in  the  upper  thorax  are  about  eq ual  in 
the  male,  while  in  the  female  the  same  equality  exists  between  the  latissi- 
mus dorsi,  the  pectorales  and  the  retractors’of  the  shoulders;  the  inspir- 
atory strength  of  the  thorax  and  abdomen  arc  equal  in  the  female  while  in 
the  male  the  inspiratory  force  of  the  thorax  is  greater,  the  respiratory 
torce  of  the  fenfale  being  about  half  that  of  the  male.  This  indicates  the 
aisity  of  the  supposed  theory  of  waist  contraction  so  as  to  give  to  the 
female  greater  thoracic  respiratory  strength. 

1 his  is  found  that  the  normal  female  is  very  much  inferior  in 
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strength  to  the  normal  male,  for  example  the  abductor  muscles  of  the 
thigh  which  represent  the  strongest  female  muscles  represent  onlv  about 
seventy  percent  of  the  same  muscle  force  in  the  male;  while  the  latissimus 
dor  si,  foot  flexors  and  extensors,  anterior  and  lateral  trunk  muscles,  an- 
terior neck  muscles,  and  expiratory  muscles  have  fifty  percent  of  the  force 
of  tne  same  muscles  in  the  male;  the  other  muscles  like  the  forearm  supina- 
tors and  pronators,  the  arm  flexors  and  extensors  have  less  than  fifty  per- 
cent of  the  strength  of  the  same  male  muscles.  The  leg  muscles  are  re- 
latively stronger  than  the  arm  muscles  in  the  female,  possibly  because  the 
bones  of  the  legs  are  shorter  and  the  upper  thigh  is  wider  in  the  female 
givingto  the  muscles  a more  perfect  leverage  and  a more  solid  foundation. 
The  greater  thigh  development  is  dueto  the  lai'ger  development  of  the  mus- 
cles and  not  simply  to  a larger  proportion  of  adipose  tissue.  In  the  case  of 
the  inspiratory  strength  the  difference  between  male  and  female  is  much 
greater  than  that  of  the  expiratory,  this  being  largely  due  to  the  modes  of 
dressing,  the  form  of  clothing  in  the  female  retarding  inspiration  and  as- 
sisting expiration.  Another  prominent  difference  between  the  male  and 
the  female  is  to  be  found  in  the  much  greater  strength  of  the  muscles  of  the 
back  in  the  male,  the  weakness  of  these  muscles  being  also  due  in  part  to  the 
mode  of  dressing  inthe  female  which  prevents  thefree  useof  these  muscles. 
This  explains  one  of  the  constant  facts  in  medical  experience  that  females 
complain  of  tiredness  in  the  back,  partly  due  to  the  undeveloped  condition 
of  the  muscles  and  the  inability  freely  to  use  the  muscles  of  this  part  of 
the  body.  In  the  female  we  also  find  that  the  pectoral  muscles  are  much 
weaker  than  in  the  male,  this  having  an  important  bearing  on  the  weaker 
female  inspiration.  The  strength  of  an  average  woman  compared  with 
her  height  is  about  57  percent  of  the  average  male,  whereas,  in  comparison 
with  her  weight  the  strength  is  about  70  percent  of  the  average  man. 
This  principle  is  found  both  in  the  male  and  female,  that  the  weight  is  in- 
creased with  the  cube  of  the  height  while  the  muscle  force  is  increased  as 
the  square  of  the  height,  Here  we  find  that  the  taller  person  has  not  the 
same  advantage  as  a shorter  person. 

In  an  average  man  of  symmetrical  development  the  muscles  on  the 
two  sides  of  the  body  should  be  equal  but  ordinarily  the  right  is  stronger 
than  the  left  on  account  of  the  undue  proportion  of  training  and  exercise. 
Some  of  the  muscles  on  the  left  side  are  stronger  than  those  on  the  right, 
for  example  the  flexors  and  extensors  and  adductors  of  the  thigh.  This 
is  explained  by  the  fact,  as  Dr.  Kellogg  claims,  that  while  right-handed- 
ness is  the  normal,  left-leggedness  represents  the  tendency  to  the  normal 
in  the  lower  extremities.  This  however  is  hardly  borne  out  by  observa- 
tion. In  the  female  the  left  side  is  stronger  than  the  right  at  three  points, 
these  being  different  from  the  male,  namely,  the  retractors  of  the  shoul- 
ders, the  extensors  of  the  leg  and  the  flexors  of  the  foot.  1 his  is  ex- 
plained bv  the  fact  that  in  the  female  less  bilateral  symmetry  is  found  in 
development,  so  that  in  the  male  the  ratio  of  strength  in  the  right  and 
left  sides  is  about  100  to  99,  while  in  the  female  it  is  100  to  98.  By  com- 
paring talland  short  men  it  is  found  that  at  almost  every  point  the  shorter 
individual  is  at  a disadvantage.  The  total  force  value  of  a short  person 
compared  with  a longer  person  is  about  90  to  100.  There  are  some  points 
however  at  which  the  shorter  person  has  the  advantage,  for  example,  in 
the  lateral  and  posterior  neck  muscles,  in  the  deltoid  and  laternal  muscles 
of  the  trunk.  The  difference  between  the  height  of  the  short  and  long  is 
largely  found  in  the  difference  in  the  length  of  the  legs.  1 he  short  pei- 
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son  has  longer  arms  proportionately  to  height  than  the  tall  person,  so  that 
it  is  natural  to  expect  the  strength  of  the  arms  is  greater  than  that  of  the 
legs  in  shorter  persons.  In  the  muscles  of  the  trunk  and  the  neck  the 
advantage  to  the  short  person  arises  from  the  fact  that  there  is  a better 
leverage  for  the  muscles.  By  comparing  tall  and  short  women  short 
women  are  found  to  be  at  a disadvantage  as  compared  with  tall  women  in 
the  total  strength,  the  ratio  being  92  to  100.  In  the  case  of  the  pectoral 
muscles,  the  muscles  of  inspiration  and  the  posterior  muscles  of  the  trunk 
the  shorter  women  have  the  advantage  of  the  taller.  The  greater 
strength  of  the  trunk  muscles  and  of  the  inspiratory  muscles  is  due  to  the 
same  fact  as  we  found  in  connection  with  short  men.  In  comparing  men 
and  women  of  equal  height  there  is  very  little  variation  between  the  male 
and  the  female.  Many  other  interesting  results  mig-ht  be  traced  out  but 
these  are  sufficient  to  indicate  the  variations  found  among-  the  sexes,  the 
difference  being  due  perhaps  largely  to  training  and  use  because  hardly 
two  individuals  that  can  be  examined  have  been  exactly  subject  to  the 
same  conditions  in  life. 

Muscle  Tonicity. — While  awake  the  cells  of  the  central  nervous  sys- 
tem are  subjected  to  a continuous  series  of  feeble  shocks  in  connection 
with  the  neural  impulses  from  the  sensory  parts  of  the  body.  Even  brain 
activity  especially  in  connection  with  psychic  conditions  of  emotional  or  in- 
tellectual activity  produce  an  increase  in  the  neural  impulses  that  are  sent 
to  the  spinal  cord  resulting  in  heightened  irritability  and  greater  excita- 
tion in  connection  with  motor  activity.  If  at  any  period  during  the  walk- 
ing hours  the  sensory  impulses  are  considered  as  these  enter  the  brain 
from  all  over  the  body  it  will  be  found  that  a vast  number  of  such  sensa- 
tions of  light,  heat,  sound,  pressure,  are  stimulating  the  central  nervous 
system  and  thereby  influencing  the  activity  of  the  nerve  cells.  The  re- 
sult of  this  continued  sensory  stimulation  is  to  arouse  a continued  motor 
stimulation  to  the  muscles  producing  in  the  muscles  a continuous  slightlv 
contracted  condition  called  muscular  tone.  There  is  a change  during 
sleep  because  a certain  amount  of  relaxation  takes  place  which  diminishes 
the  number  of  motor  impulses  affecting  the  muscles.  During  the  period 
of  mental  activity  there  is  an  increased  tonicity  due  to  the  number  of  stim- 
uli aroused  in  the  brain  and  sent  to  motor  channels.  This  muscle  tonicity 
is  due  to  chemical  action  in  connection  with  the  production  of  energy,  this 
energy  assuming  the  form  of  heat.  It  is  claimed  by  some  that  when  the 
muscles  are  subjected  to  nervous  stimulation  there  is  a heat  generation  in- 
dependent of  the  contraction  of  the  muscles.  Hence  it  is  claimed  that 
there  is  a feeble  but  continuous  chemical  activity  which  produces  a chem- 
ical tone  of  the  muscles.  There  is  no  doubt  that  chemical  tonicity  is  pre.- 
scrved  by  means  of  the  minute  stimulations  arising  in  connection  with 
the  spinal  cord;  for  if  the  cord  is  divided  there  is  less  O used  up  by  the 
muscles  and  less  C02  waste  is  given  off.  This  implies  that  there  must  be 
a special  set  of  nerves  which  are  normally  engaged  in  giving  chemical  ton- 
icity to  the  muscles  bv  the  production  of  certain  changes  under  the  in- 
fluence of  the  nerve  stimuli  so  that  there  is  an  independent  liberation  of 
heat,  altogether  independent  of  the  changes  that  take  place  in  connection 
with  muscle  contraction.  These  as  we  have  seen  represent  the  thermal 
net  ves  both  -fibres  and  cells.  By  muscular  tonicity  then  is  meant  that 
slightly  contracted  state  in  which  some  of  the  muscles,  namely  the  mus- 
cle fibres  of  the  arteries,  and  possibly  all  the  muscles  are  maintained  dur- 
ing life.  It  appears  to  depend  on  the  connection  of  the  muscles  with  the 
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nervous  system.  In  the  living-  being-  the  muscles  are  more  or  less  stretch- 
ed between  their  attachments,  hence  they  are  said  to  be  in  a state  of  nor- 
mal tension  or  tonicity.  Various  questions  have  arisen  in  reg-ard  to  mus- 
cle tonicity,  one  of  these  being-  whether  muscular  tone  is  under  the  in- 
fluence of  the  nervous  system.  Brondg-eest  divided  the  spinal  cord  of  a 
ti  og  below  the  medulla  and  then  divided  the  nerves  of  the  leg- on  one  side; 
on  fixing-  the  frog-  firmly  on  a board  he  found  the  muscles  of  the  leg 
on  the  side  of  the  operation  loose  and  the  leg-  long-er  than  the  other.  He 
concluded  that  the  spinal  cord  furnished  the  muscle  with  permanent  in- 
nervation. Heidenhain  stretched  a muscle  by  weig-hts  and  he  found  that 
it  does  not  elong-ate  after  section  of  the  nerve  supplying-  it.  The  proha- 
hijjtff.  IS  that  both  the  innervatjoru-aiid  the  blood  circulation  have  an  equal 
influence  on  muscular  tonicity  by  affecting-  the  nutrition  of  the  tissue. 

SECT 7 ON  V.  Conductivity . 

. Conductivity  represents  the  principle  of  bioplasm  in  virtue  of 
which  there  is  excited  a condition  of  activity  that  is  transmitted  from  one' 
part  of  the  substance  to  another.  In  the  case  of  the  amoeba  the  irritation 
of  the  main  body  of  the  substance  is  transmitted  through  the  body  to  the 
pseudo-pods.  In  the  vorticella  if  the  margin  of  the  bell  is  stimulated  verv 
lightly  the  cilia  cease  to  move  and  the  contractile  action  of  the  substance 
pulls  it  into  a more  rounded  shape,  the  same  fibres  also  contracting  and 
removing  the  body  away  from  the  stimulation.  In  both  of  these  cases 
the  commotion  originated  at  a point  in  the  bioplasm  must  have  been  com- 
municated throughout  the  substance  passing  through  the  different  forms 
of  protoplasmic  matter.  This  principle  of  conductivity  seems  to  be  in- 
herent in  the  protoplasm  as  it  is  found  in  veg-etable  forms  of  life  as  well  as 
animal.  The  substance  of  the  protoplasm  in  the  cell  as  it  encompasses 
the  nucleus  consists  of  a semi-fluid  granular  substance  in  the  midst  of 
which  we  find  minute  fibrillae,  sometimes  arranged  in  parallel  cords  and 
in  other  cases  irregularly  arranged  in  a net-work.  Whether  the  principle 
of  conductivity  belongs  to  the  fibrillae  or  to  interstitial  substance  or  to 
both  is  not  known  It  seems  probable  that  the  conductivity  belongs  to 
the  protoplasm  as  a whole  consisting  of  fibrillary  and  interstitial  matters. 
The  process  of  conduction  varies  very  considerably  in  different  forms  of 
protoplasm,  so  that  the  rapidity  depends  on  the  form  of  the  protoplasm 
and  even  within  the  same  cell  the  different  parts  possess  different  degrees 
of  conductivity.  This  is  true  not  only  of  the  primitive  forms  of  proto- 
plasm such  as  the  infusoria,  protozoa  etc.,  but  even  in  the  striped  and  un- 
striped muscle.  In  the  striped  muscle  the  sarco-plasmic  substance  seems 
to  have  a much  slower  power  of  conduction  than  the  fibrillary  portion. 
In  the  unstriped  muscle  conductivity  takes  place  very  slovfly  and  uni- 
formly, representing  it  is  supposed  a more  primitive  form  of  structure 
with  a lesser  degree  of  differentiation.  This  differentiation  is  most  com- 
plete in  the  nerve  for  the  fibrillary  axis  cylinder  of  the  nerve  is  capable  of 
very  rapid  conduction. 

In  order  to  the  possession  of  this  conductivity  it  is  essential  that  the 
bioplasmic  substance  maintain  its  integrity.  If  there  is  any  break  in  the 
continuity  of  a nerve  or  muscle  then  the  conductivity  is  inter- 
rupted. By  cutting  a nerve  irritability  and  conductivity  are  preserved 
for  some  time  in  the  severed  parts  but  the  relation  between  the  severed 
parts  is  cut  so  that  no  communication  can  pass  from  the  one  to  the  other. 
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Some  claim  that  a neural  impulse  is  analogous  to  an  electrical  current. 
The  analogy  breaks  down  however  for  if  we  cut 


the 


a nerve  and  bring 
whereas  if  the  cu  Tends  of  a wire 


two  pndu  together  conductivity  _Ls_lost 
are  joined  conductivity  is  restored.  If  the  nerve  is  seriously  injured 
without  being-  divided  there  is  no  conductivity  because  of  an  interference 
with  the  necessary  physical  and  chemical  chang-es  on  which  conductivity 
is  based.  What  is  true  of  the  nerve  is  also  probably  true  of  all  bioplasm 
so  that  any  interference  with  bioplasmic  continuity  prevents  the  conduc- 
tivity of  impulses.  This  represents  an  important  physiolog-ical  princi- 
ple because  were  it  not  that  such  continuity  is  necessary  there  would  be 
great  complication  in  connection  with  the  impulses  in  passing-  throug-h 
the  body  as  so  many  impulses  are  passing-  in  all  directions  at  the  same 
time.  I hat  this  is  so  is  found  in  the  fact  that  where  bioplasm  seems  to  be 
very  homog-eneous  all  the  different  parts  of  the  substance  bear  definite  re- 
lations to  each  other  and  to  the  functions  discharg-ed  by  each,  so  that  dif- 
ferent impulses  are  capable  of  following-  their  own  direction  without  in- 
terfering- with  other  impulses.  At  the  same  time  the  minute  variation  of 
particles  is  so  complete,  that  it  is  possible  in  the  event  of  very  slig-ht 
changes  in  the  physical  and  chemical  processes  to  change  entirely  the 
rate  of  impulses  as  well  as  their  course  so  as  to  serve  the  purposes  of  phy- 
siological function.  This  is  evident  in  connection  with  the  effect  of  de- 
generation and  regeneration  upon  the  conductivity  as  well  as  the  irritabil- 
ity of  the  nerve.  As  we  have  seen  the  fibre  of  the  nerve  depends  entirely 
on  its  relation  to  the  nerve  cell  so  that  any  interference  with  that  relation 
interferes  with  the  activity  of  the  neural  process.  If  any  portion  of  the 
nerve  fibre  is  injured  its  power  of  conductivity  is  impaired  or  lost  and  if 
any  part  of  the  nerve  fibre  is  cut  off  from  its  connection  with  the  central 
cell  then  its  nutrition  is  cut  off  resulting  in  death.  After  three  or  four 
days  both  irritability  and  conductivity  are  lost  and  the  nerve  fibre  degen- 
ci  ates.  There  results  a dissolution  of  the  axis  cylinder  accompanied  bv 
a disintegration  of  the  medullary  sheath  or  white  substance  of  Schwann, 
the  dissolved  and  disintegrated  matter  being  absorbed.  This  process  of 
absorption  goes  on  for  about  14  days. 

I here  may  however  be  a regeneration  of  the  degenerated  nerve  fibres 
and  this  takes  place  in  an  important  manner  respecting  irritability  con- 
ductivity. During  the  process  of  degeneration  the  dissolution  of  the  axis 
cylinder  and  the  medullary  sheath  takes  place  with  the  aid  ot  the  nuclei 
lying  close  to  the  neurilemma  so  that  a large  number  of  these  nuclei*  are 
found  in  connection  with  {he  process  of  proliferation.  In  this  prolifera- 
tion process  thereis  formed  anew  protoplasm  which  accumulates  in  connec- 
tion with  the  old  sheath  fprmingacontinuous  thread  of  protoplasm.  Around 
this  new  protoplasmic  portion  there  is  developed  a new  sheath  so  thata  new 
nci  vefibre  is  formed.  r\  his  newly  formed  fibre  in  the  peripheral  part  of  the 
nei  \e  is  united  with  the  central  part  in  connection  with  the  tissue  develop- 
ed at  the  end  of  the  central  part  in  the  healing  process.  In  this  wav  there 
is  ioi  med  a temporary  fibre  which  is  united  with  the  central  part  of  the 
nerve  that  remained  intact.  This  newly  formed  embryonic  fibre  is  found 
o possens  conductivity  and  to  be  capable  of  irritability* although  as  vet  it 
it  has  not  developed  either  the  axis  cylinder  or  the  sheath.  It  is  irritable 
>y  mechanical  stimulation  before  it  responds  to  electrical  stimuli.  It  is 
?urK  * at  conductivity  is  restored  before  irritability  appearing  after 
a ou  2 days.  In  this  way  it  is  found  that  the  sensations  are  restored 
e oi  e the  capacity  of  performing  voluntary  movements  is  restored. 
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This  does  not  depcml  on  an  essential  difference  between  the  sensory  and 
niotor  fibres  but  rather  on  the  fact  that  longer^ time  is  requlred~toTstaT>- 
lish  motor  connection  with  the  muscles.-  This  temporary  nerve-  E 
gradually  gives  place  to  the  normally  developed  nerve  11  bres  consisting’  of 
the  axis  cylinder  and  sheath.  This  takes  place  when  the  old  axis  cylin- 
der of  the  central  part  becomes  elongated,  growing  down  into  the  peri- 
pheral part.  • In  the  development  of  the  axis  cylinder  there  is  a restora- 
tion. of  the  norm^jfahetions  oTthe  nerve  although  this  does  not  take  place 
lor  several  months.  In  the  case  of  the  muscles  the  same  thing  i-  true. 
Wjien  the  life  of  a muscle  is  lost  or  impaired  the  power  of  conductivit 
impaired  or  lost.  Muscle  that  is  completely  deprived  of  nourishment  by 
ligature  of  the  blood  hy  rpm»'^i  the  body  or  by  cessation  of 

the  circulation  which  occurs  in  the  case  of  general  death  passes  after  an 
interval  into  the  death  condition  known  as  rigor-mortis.  Short  of  this  the 
muscle  may  be  killed  within  the  body.  If  the  middle  part  of  a muscle 
fibre  is  killed  by  'compression,  heat  or  chemical  action  the  death  of  the 
bioplasm  interferes  with  the  active  conduction  of  impulses  from  the  ends 
of  the  muscles.  The  intei'ference  continues  until  regeneration  takes 
place.  The  muscular  corpuscles  themselves  seem  to  lose  the  power  of 
reproduction  for  if  the  muscle  is  cut  across,  the  ends  become  united  again 
not  by  muscular  but  by  fibrous  tissue.  Only  when  the  union  takes  place  is 
conductivity  restored,  hence  both  in  muscle  and  nerve  the  condition  of 
conductivity  is  the  continuity  of  the  nerve  and  muscle  tissue.  This  prin- 
ciple of  continuity  is  the  basis  of  the  insulation  of  impulses  so  as  to  pre- 
vent diffusion  and  the  loss  of  the  power  of  impulses  to  serve  their  phv- 
siological  purpose. 

(a)  In  the  case  of  the  nerves  the  fibres  run  parallel  to  each  other  in 
nerve  trunks.  These. fibres  are  separated  from  each  other  by  the  neuri- 
lemma.  In  the  medullated  nerves  there  is  in  addition  the  medullary  sub- 
stance- or  sheath,  so  that  continuity  is  preserved  only  in  the  case  of  th e 
distinct  and  separated  nerve  fibres.  In  this  sense  the  nerve  tissue  is  not 
continuous  but  simply  the  nerve  fibre.  This  renders  possible  conducti- 
vity in  the  many  fibres  that  are  afferent  and  efferent  as  these  are  bound 
up  in  the  same  nerve  trunk.  If  a sensory  nerve  is  stimulated  the  im- 
pulse  is  transmitted  to  the  spinaTcord  where  it  arouses  to  activity  the 
spinaTicellSv-these  cells  sending  out  impulses  to  the  motor  fibreswhich  in 
turn  transmit  the  impulses  to  the  muscles.  The  sensony---a_ad  motor 
fibrfes  that  perform  this  reflex  run  parallel  to  each  other  along  the  same 
trunk  without  any  diffusion  taking-  place  from  sensory  to  motor  or  vice 
versa.  This  holds  true  of  the  peripheral  nervous  system  and  possibly  it 
also  holds  true  of  the  central  nervous  system.  This  it  is  claimed  forms 
the  basis  of  the  localization  of  sensations  and  forms  the  ground  on  which 
is  built  up  the  co-ordination  of  impulses  representing  coordinated  activi- 
ties. How  this  insulation  takes  place  in  the  central  system  is  a matter  of 
dispute  but  possibly  this  is  one  of  the  important  neural  functions  discharg- 
ed by  the  neuroglia  in  insulating-  one  tract  from  another.  The  various 
nerve  ganglia  and  their  processes  are  embedded  in  a mass  of  connective 
nob-nervous  tissue.  According  to  some  recent  physiologists  a distinction 
is  to  be  drawn  between  the  connective  tissue  proper  and  the  neuro- 
glia, Henle  claiming  that  neuroglia  differs  from  connective  tissue  in 
its  chemical  purposes.1  Ramification  of  the  nerve  fibres  is  rare  in  connec- 
tion with  the  peripheral  merves.  The  ramification  of  the  nerve  trunks 
consists  of  bundles  of  fibres  that  maintain  their  integrity.  When  the 
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nerves  reach  and  enter  a peripheral  organ  the  axis  cylinder  may  be  divid- 
ed into  a number  of  branches.  In  connection  with  the  muscle  there  is  a di- 
vision and  subdivision  of  the  nerve  fibres  into  minute  processes.  In  con- 
nection with  the  spinal  cord  when  the  nerve  fibres  enter  the  cord  they  are 
divided  into  collateral  branches.  In  what  way  this  ramification  takes 
place  is  not  known,  whether  the  axis  cylinder  fibrillae  send  out  branches 
or  whether  a separation  takes  place,  part  of  the  fibres  entering-  the 
branch  and  the  remainder  continuing-  in  the  main  part  is  not  known. 
Although  the  irritation  does  not  pass  from  one  fibre  to  another  the  fibres 
being- insulated  probably  the  excitation  involves  all  the  different  processes 
of  a single  fibre. 

(b)  In  the  case  of  the  muscles  each  of  the  muscle  fibres  in  the  skele- 
tal muscles  represents  an  independent" part  of  the  muscle.  There  is  no 
continuity  of  these  independent  fibres  on  account  of  the  sarcolemma  and 
these  fibres  are  separated  from  one  another  so  that  there  is  no  ra- 
diation in  connection  with  conductivity.  To  each  of  these  fibres  there  is 
a nerve  process  so  that  normally  the  fibre  is  stimulated  through  an  inde- 
pendent process.  In  cell  life  and  in  some  cases  in  the  muscles  we  find  a 
surrounding  sheath  in  connection  with  which  we  find  protoplasmic  sub- 
stance uniting  the  cells  together.  In  this  case  the  connecting  protoplasm 
acts  the  part  of  a conducting  medium.  It  is  claimed  that  there  are  excep- 
tions to  the  rule  of  the  absence  of  continuity  as  the  basis  of  conductivity. 
In  the  striated  muscle  of  the  heart  we  find  a different  kind  of  muscle.  It 
consists  of  cells  of  a quadrangular  nature  without  any  sarcolemma  -these 
cells  being  united  laterally  by  means  of  processes  and  also  at  the  broader 
parts  of  the  cell.  According  to  Engelmann  conductivity  takes-  place  from 
cell  to  cell  and  not  in  connection  with  the  nerves,  impulses  being  trans- 
mitted freely  in  all  directions.  This  he  claims  because  he  found  that  the 
impulses  were  transmitted  in  all  directions  without  any  nerve  forming 
the  basis  of  such  transmission.  Recently  some  physiologists  have  found  in 
the  cardiac  muscle  of  the  frog  a free  anastomosis  of  nerve  fibres  throughout 
the  entire  heart.  This  furnishes  the  basis  of  free  communications  be- 
tween the  different  parts  of  the  cardiac  muscle,  although  Englemann  claims 
tnat  it  is  purely  regulatory  and  not  of  value  in  conduction.  It  is  claimed 
thajAn  some  of  the  unstriated  muscle  tissues  there  is  conductivity  by 
contiguity  a.s  this  is  found  in  some  of  the  cells  of  thc'inedusoe..  , In  addi- 
tion to  this  it  is  found  that  among  ciliated  cells  there  is  an  ac&^gfiamong 
the  different  cells  without  any  direct  connection  either  muscular  or  nem 
vous.  In  these cALU.lhere  is  no  membrane  covering  over  the  substance 
so  that  when  activity  is  aroused  in  the  one,  free  communication  takes 
Place  simply  by  contiguity  or  through  the  interstitial  substance.  It  seems 
therefore  that  the  continuity  of  the  bioplasm  is  the  basis  normally  of  con- 
ductivity while  there  are  cases  in  which  direct  contact  or  an  intervening 
substance  may  form  the  medium  of  conductivity.  In  any  case  where 
there  is  found  a covering  of  sarcolemma  this  is  sufficient  to'  insulate  one 
fibre  or  cell  from  another. 

In  connection  with  the  spinal  cord  it  is  found  that  the  fibres  entering 
the  cord  do  not  terminate  derectly  in  the  neural  cells  but  end  in  certain 
tei  mi.nal  organs  quite  close  to  the  cells.  This  same  form  of  termination 
is  associated  with  all  nerve  cells  which  are  subject  to  stimulation  by 
nerve  fibres.  It  is  questioned  by  some  whether  these  terminals  repre- 
sent special  stimulating  organs' or  whether  they  simply  act  as  media 
or  “USg.  a pai't  of  the  nerve  cell,  or  representing  a neural  process.  It  has 
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been  claimed  that  these  terminals  represent  real  end  organs  because  the 
cell  can  be  stimulated  through  them  although  the  end  organs  can  not  be 
stimulated  through  the  cell.  This  seems  to  be  probable  because  of  the 
anology  ot  the  terminal  plates  in  connection  with  the  muscle  fibre  for 
these  terminal  plates  are  not  really  a part  of  the  muscle  but  simply  in  con- 
tact with  it.  The  muscle  can  be  excited  through  the  neural  end  organ 
although  the  organ  can  not  be  stimulated  by  the  muscle.  There  isalmost 
nothing  known  of  the  physiological  function  of  these  terminal  processes 
in  connection  with  the  central  nervous  system.  JtJs_ known  ‘that  con- 
siderable time  is  taken  in  the  passage  of  impulses  through  the_central 
nervous  system,  the  time  being  longer  than  that  required  in  connection 
with  the  nerves;  it  would  seem  that  longer  time  is  required  as  the  number 
of  the  cells  is  increased.  It  is  claimed  that  this  time  is  occupied  in  con- 
nection with  these  terminal  processes  in  preparation  for  the  stimulation 
of  the  cells.  It  is  a well  known  fact  that  the  motor  terminal  plates  require 
more  time  for  the  passage  of  a stimulus  than  is  required  for  the  trans- 
mission of  the  stimulus  through  a nerve  fibre.  Hence  it  is  found  that  a 
response  is  delayed  if  it  passes  through  the  nerve  plate,  part  of  the  time 
being  occupied  in  the  nerve  fibre  and  a longer  portion  of  the  time  in  the 
end  plate.  Bernstein  calculates  that  ,0032  of  a second  is  occupied  in  thq 
passage  of  an  impulse  through  the  terminal  organ.  This  seems^to  indi- 
cate the  fact  that-fifcat  the  terminal  organ  is  not  a pure  nerve,  for  example, 
the  period  of  latency  in  connection  with  the  end  plate  is  long;  in  addition 
to  this  it  is  known  that  when  a nerve  is  treated  with  curari  the  poison 
takes  effect  on  the  end  plate  and  it  is  well  known  that  the  terminal  organ 
loses  its  irritability  more  rapidly  than  either  the  muscle  or  nerve  when  it 
is  subjected  to  malnutrition.  When  we  find  bioplasm  continuous  we  have 
the  basis  of  conductivity.  In  addition  to  this  when  the  bioplasm  is  excit- 
ed it  would  seem  to  possess  the  power  of  conducting  in  all  directions 
although  it  is  claimed  that  conductivity  is  not  possible  to  the  same  extent 
in  all  directions. 

Accompanying  the  transmission  of  the  impulse  are  changes  in  form 
and  for  this  reason  it  is  easy  to  follow  the  process  of  conduction.  The 
commotion  travels  through  the  bioplasm  very  quickly  so  that  it  is  difficult 
to  follow  it  out  with  precision.  When  a muscle  fibre  is  subjected  to  stim- 
ulation in  connection  with  its  nerve  fibre  there  is  produced  a change  which 
is  conducted  along  the  fibre  in  both  directions.  In  the  artificial  stimula- 
tion of  a muscle  fibre  the  stimulation  passes  along-  the  fibre  in  one  direc- 
tion arousing  within  the  fibre  a continuous  contraction.  When  the  nerves 
are  stimulated  there  cannot  be  seen  any  changes  taking  place  so  that  it  is 
not  possible  to  determine  exactly  how  the  conductivity  takes  place. 
While  the  nerve  is  in  its  normal  position  in  the  body  its  stimulation  can 
only  be  estimated  from  the  stimulation  which  it  imparts  to  the  muscle. 
Atcempts  have  been  made  to  unite  the  central  portion  of  a sensory  nerve 
fibre  with  the  peripheral  portion  of  a motor  fibre  allowing  the  crossed 
fibres  to  regenerate  and  testing  whether  the  stimulation  of  the  sensory 
fibre  produced  movements  in  connection  with  ther motor  fibre.  We  have 
seen  already  that  Bert  united  the  extremity  of  a rat's  tail  with  the  tissues 
high  up  on  the  back,  finding  as  a result  that  complete  regeneration  took 
place  and  after  the  regeneration  by  cutting  off  the  tail  at  its  root  sensa- 
tions were  still  preserved  in  the  tail.  This  however  does  not  give  any  e vi- 
dence of  the  principle  of  conductivity,  because  as  we  havesaid  when  a nerve 
is  cut  it  degenerates  peripherally  and  its  irritability  and  conductivity  are  re- 
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stored  by  the  growth  of  ;i  new  axis  cylinder  out  from  the  central  end  so 
that  the  sensory  part  of  the  nerve  creates  a new  path  along-  which  im- 
pulses may  travel  by  conduction. 

Another  method  has  been  followed  by  some  experimenters  toorove 
that  nerve  tissue  is  capable  of  conductivity  in  both  directions.  It  was  ob- 
served that  while  the  nerve  fibres  seldom  ramify  on  their  pathway  to  an 
organ  as  soon  as  they  enter  the  organ  they  very  freely  ramify.  This  is 
the  form  in  which  we  find  the  minute  nerve  processes  in  connection  with 
the  muscle  and  Kuhne  claims  that  by  stimulating-  one  of  these  minute 
branches  the  stimulation  passes  upward  to  the  g-eneral  nerve  fibres  and 
then  passes  downward  along  the  other  branches.  He  took  the  sartorius 
muscle  of  a frog,  dividing  the  one  end  of  it  in  two  and  found  that  by  stim- 
ulating one  of  these  divided  ends  the  other  end  contracted.  We  know 
that  there  is  no  cross  radiation  in  connection  with  the  striped  muscle  so 
that  Kuhne  concludes  the  conduction  must  have  taken  place  upward  and 
then  downward.  DuBois  Raymond  experimented  on  the  different  fibres, 
as  found  in  the  roots  of  the  spinal  cord.  He  found  upon  stimulating  the 
nerve  that  a certain  electrical  variation  was  found,  this  variation  passing 
along  the  fibre  at  the  same  rapidity  and  in  the  same  path  as  the  neural 
impulse.  He  found  that  this  electrical  variation  represented  the  direc- 
tion of  the  impulse.  By  stimulating  the  centripetal  fibres  in  the  posterior 
roots  of  the  spinal  cord  and  of  the  sciatic  nerve  he  found  that  there  exist- 
ed a negative  variation,  as  the  current  produced  by  the  electrical  varia- 
ion  in  the  nerve  has  been  called,  and  this  current  he  found  to  pass  along 
the  nerve  not  in  the  same  direction  as  the  impulse  but  in  the  opposite  df- 
rection.  By  stimulating  the  sciatic  nerve  he  found  that  such  a negative 
variation  existed  not  only  in  the  posterior  roots  but  also  in  the  anterior 
roots.  In  normal  conditions  stimulation  passes  along  the  posterior  and 
then  into  the  anterior  roots;  this  indicates  that  both  the  sensorv  and  the 
motoi  fibres  may  conduct  the  impulses  in  both  directions.  Thus  the 
nerve  tissue  is  capable  of  conductivity  in  two  directions,  although  in 
normal  circumstances  the  stimulation  only  passes  in  one  direction,  but 
this  is  due  to  the  fact  that  the  impulse  originates  onlv  at  one  end.  This 

. important  physiological  point  because  the  central  nervous  system, 
may  be  stmiuTaTed  in  connection  with  the  impulses  from  the  muscles  not 
only  along  the  sensorv  but  even  along  the  motor  paths  and  even  in  the 
central  nervous  system  the  transmission  of  impulses  may  take  place  in 
eitliei  direction  along  what  are  called  usually  the  central  and  motor 
tr^cts-  connection  with  the  conductivity  of  impulses  we  find  <>-rcat 
differences  in  different  tissues.  In  the  case  of  the  cold  blooded  annuals 
the  nerves  arcycapable  of  conducting  impulses  much  more  slowlv  than  the 
nei  yes  of  warm  blooded  animals.  In  any  animal  the  nerves  are  capable  of 
conductmty  more  rapidly  than  the  muscles,  the  striped  muscles  more 
quickly  than  the  unstriped  muscles;  and  even  in  a single  fibre  the  different 
pai  ts  are  capable  ol  transmitting  with  different  degrees  of  rapidity,  the 
principle  being  laid  down  that  the  more  differentiated  the  cell  sub- 
stance is  the  greater  the  rapidity  of  its  conductivitv.  Biedermann 
Jays  down  this  principle  that  conductivity  is  increased  as  the  power 
or  mobility  and  the  readiness  to  respond  .to  external  stimulation  are  in- 
creased. 

(a)  Muscle.  The  process  of  conductivity  cannot  be  followed  by  the 
e\e  and  hence  we  can  only  calculate  the  rate  of  the  process  from  its  re- 
sults. In  the  muscles  however  there  are  certain  changes  taking  place  as 
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the  impulse  is  transmitted  so  that  we  can  estimate  the  rapidity  from  the 
changes  in  the  substance.  By  irritating-  a muscle  at  one  end  contraction 
does  not  take  place  over  the  entire  mnscle  but  there  is  an  alteration  orig- 
inating■ at  the  point  of  irritation  and  transmitted  over  the  length  of  the 
muscle  fibres.  Along  with  the  shortening  of  the  muscle  we  have  its 
thickening  and  it  is  possible  to  follow  out  this  thickening  as  it  passes  from 
end  to  end.  In  the  striped  muscle  the  rate  of  conductivity  is  so  quick 
that  it  seems  to  pass  over  the  entire  muscle  at  one  and  the  same  time. 
That  this  is  not  so  can  be  proved  by  the  use  of  registering  apparati.  If 
two  levers  are  placed  in  connection  with  the  two  ends  of  a muscle  while 
the  ends  of  the  levers  are  in  connection  with  the  kymograph,  and  if  during 
the  revolution  of  the  kymograph  stimulation  is  applied  to  one  end  of  the 
muscle  the  kymograph  will  indicate  that  the  lever  at  the  end  of  stimulation 
is  the  first  to  give  response,  indicating  that  a thickening  takes  place  at 
the  point  of  stimulation  and  that  a certain  time  is  occupied  in  the  trans- 
mission of  this  along  the  length  of  the  muscle.  Bernstein  has  used  this 
process  in  connection  with  the  registration  of  the  period  of  latency.  He 
attached  a lever  to  the  end  of  the  muscle  so  that  as  soon  as  the  muscle  be- 
gan to  thicken  the  kymograph  began  to  record.  In  one  case  he  stimulat- 
ed the  muscle  at  the  point  from  which  he  made  a record  of  the  contraction 
and  immediately  afterwards  he  stimulated  it  at  the  other  end.  By  meas- 
urement he  knew  the  distance  between  the  two  points  of  stimulation  and 
he  estimated  the  rate  of  conductivity  by  calculating  the  difference  in  the 
two  periods  of  latency.  In  connection  with  the  semi-membranosus  mus- 
cle of  a frog  he  found  the  rate  of  conductivity  to  be  115.76  to  157.2  feet  per 
second.  In  the  case  of  the  sartorious  muscle  Hermann  found  the  rate  of 
conductivity  about  116  feet  per  second  and  this  is  taken  as  about  the  aver- 
age rapidity  in  the  case  of  the  muscle  of  a frog.  According  to  these  ex- 
periments it  is  found  that  the  wave  of  contraction  passes  over  the  muscle 
from  one  part  to  another.  It  is  easy  to  find  out  how  long  the  contraction 
takes  when  passing  over  a muscle  from  point  to  point  so  that  we  can  find 
the  rate  at  which  the  contraction  moves  and  from  this  we  can  estimate  the 
contraction  wave  length.  According  to  Bernstein  the  length  of  a wave  of  con- 
traction in  the  case  of  a frog’s  muscle  is  about  198  to  380  millimeters.  In 
the  case  of  the  normal  striated  muscle  it  is  not  more  than  about  40  milli- 
meters and  as  the  stimulation  takes  place  normally  in  connection  with  the 
nerve  at  the  center  of  th$  muscle  fibre  the  stimulation  will  pass  through 
the  muscle  in  two  directions  so  that  the  entire  stimulation  of  the  muscle 
fibre  would  represent  two  rapid  wave  contractions  in  opposite  directions. 
The  rate  of  conductivity  varies  in  different  kinds  of  muscle  and  in  differ- 
ent animals,  estimates  having  been  formed  by  various  experimenters.  In 
the  case  of  the  human  muscle  Hermann  estimates  the  rate  of  conductivity 
from  10  to  13  meters  per  second;  in  the  white  muscle  of  the  rabbit  from  5 
to  11.4,  in  the  red  muscle  of  the  rabbit  3’4;  in  the  sterno-mastoid  muscle 
of  a dog  from  3 to  6;  in  the  cardiac  muscle  of  a frog  .1  and  in  the  smooth 
muscle  of  the  ureter  of  the  rabbit  .02. 

(b)  Nerves.  As  we  have  seen  nerve  tissue  represents  a more  highly 
different  iated  bioplasm  and  hence  the  conductivity  is  more  rapid.  It  is 
so  rapid  that  some  physiologists  have  questioned  the  experiments  that 
have  been  make  in  connection  with  the  tests  of  the  rapidity.  In  nerve 
tissue  noobsevrable  changes  take  place  so  that  we  can  calculate  the  rate  of 
conductivity  only  by  the  results  in  connection  with  muscle  or  in  connection 
with  the  electrical  variations  that  spread  over  the  nerves.  In  connection 
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with  the  central  nerves  very  little  is  known  of  the  rate  of  conductivity  al- 
though several  attempts  have  been  made  to  discover  the  rapidity  with 
which  the  stimulations  travel  by  exciting  the  sensory  nerves  at  two  dif- 
ferent points  and  watching  the  time  when  the  reflex  result  takes  place. 
In  connection  with  the  human  system  experiments  have  been  made  in 
connection  with  the  time  that  intervenes  between  the  application  of  an 
irritation  and  the  sensation  which  results.  Arrangements  have  been 
made  by  which  in  this  experiment  a signal  is  given  when  the  sensation  is 
felt,  this  is  called  the  period  of  reaction.  It  has  been  found  by  testing 
the  reaction  period  that  an  impulse  travels  along  the  sensorv  fibres  at  the 
rate  of  36  meters  per  second  although  Cattell  finds  that  in  the  case  of  the 
median  nerve  the  rate  varies  from  21  to  5Q  meters  per  second  and  in  the 
case  of  the  tibial  nerve  from  31  to  65  meters  per  second.  These  differ- 
ences in  the  rate  of  stimulation  are  said  to  be  due  to  the  differences  in  the 
terminals  of  the  nerve  fibres  in  connection  with  the  skin  although  it  is 
claimed  that  part  of  the  difference  is  due  to  the  receptivity  of  the  central 
nervous  system.  It  has  been  concluded  that  in  the  case  of  the  sensory 
fibres  in  the  human  subject  the  rate  of  conductivity  is  about  35  meter's 
per  second. 

In  the  case  of  the  motor  nerve  Helmholtz  estimated  in  connection 
with  experiments  the  rate  to  be  in  the  case  of  a frog  about  27  meters  per 
second.  He  made  use  of  the  Pouillet  method  for  measuring  brief  periods 
of  time.  As  soon  as  the  current  in  connection  with  a primary  induction 
coil  is  broken  and  the  nerve  in  connection  with  the  secondary  coil  is  sub- 
jected to  a shock  a current  is  thrown  into  the  coils  in  connection  with  the 
galvanometer.  Immediately  the  contraction  of  the  muscle  produced  by 
the  stimulation  passing  from  the  nerve  interrupts  the  circuit  of  the  gal- 
vanometer. The  deviation  found  in  the  galvanometer  varies  with  the 
period  during  which  the  circuit  is  closed  and  this  is  taken  as  an  index  of 
the  period  intervening  between  the  excitation  of  the  nerve  and  the  con- 
traction of  the  muscle.  By  stimulating  the  nerve  at  two  points  of  known 
distance  the  difference  in  time  is  taken  to  indicate  the  time  that  is  neces- 
sary to  conduct  the  impulse  between  the  two  points.  Helmholtz  after- 
wards applied  a more  direct  method  of  registering  the  muscular  contrac- 
tion and  he  made  use  of  this  to  find  the  rate  of  motor  nerve  conductivity. 
By  exciting  the  nerve  as  close  to  the  muscle  as  possible  and  registering 
the  muscle  contraction,  and  then  irritating  the  nerve  as  far  from  the  mus- 
cle as  possible  and  registering  the  contraction  he  finds  that  by  calculating 
the  difference  in  time  between  the  period  of  excitation  and  the  contrac- 
tion in  the  two  cases,  knowing  the  distance  between  the  two  points,  he 
can  estimate  the  time  necessary  for  the  impulse  to  pass  from  the  one 
point  to  the  other  and  therefore  the  rate  of  conductivity.  He  applied 
this  principle  to  the  human  subject  by  registering  the  muscle  contraction 
of  the  fore  part  of  the  thumb  noting  the  difference  in  the  time  of  the 
commencement  of  the  contraction  in  the  case  of  the  stimulation  of  the 
median  nerve  at  two  different  points  along  its  path.  In  this  experiment 
he  found  that  the  average  rapidity  of  an  impulse  along  the  motor  path  was 
34  meteis  per  second.  I hese  results  of  Helmholtz  represent  the  aver- 
age  late  of  conductivity  in  the  case  of  human  nerves.  It  has  been  found  in 
more  recent  times  that  by  raising  the  temperature  of  the  body  or  by  stim- 
ulating very  rapidly,  the  rate  of  conductivity  may  be  increased  up' to  100 
meters  per  second.  It  is  also  found  that  the  physiological  functions  of 
the  nerve  determine  to  a large  extent  the  rate  of  conductivity.  In  the 
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case  of  the  vagus  nerve  supplying-  the  laryngeal  muscles  that  move  very 
rapidly  it  is  found  that  the  rate  is  66  meters  per  second  whereas  the  vagus 
fibres  regulating  the  oesophag-eal  muscles  is  only  about  eig-ht  meters  per 
second.  It  is  claimed  by  some  physiologists  that  the  medullated  fibres 
transmit  their  impulses  very  much  more  rapidly  than  the  non-medullated, 
this  conclusion  being-  based  on  some  experiments  in  connection  with  the 
non-medullated  fibres  in  vertebrate  animals.  It  would  seem  that  in  gen- 
eral the  rate  of  conductivity  in  the  case  of  the  sensory  and  motor  nerves 
in  the  human  subject  is  about  the  same,  namely  34  to  35  meters  per  sec- 
ond. 

The  nature  of  the  neural  impulse  is  not  known;  it  is  spoken  of  as  a 
neural  commotion  because  in  some  way  it  is  connected  with  the  molecular 
action  that  takes  place  in  connection  with  the  neural  substance.  Conduc- 
tivity is  destined  by  anything-  that  interferes  with  the  neural  continuitv 
or  anything  that  interferes  with  irritability  at  any  part  along  the  nerve 
path,  because  the  impulse  requires  the  integrity  of  the  axis  cylinder.  On 
this  basis  certain  principles  have  been  summarized  as  forming  the  laws, 
-of  conductivity,  (1)  the  nerve  must  preserve  its  continuity  and  integr 
(2)  the  conductivity  takes  place  along  the  isolated  path  of  continuous  nerve 
fibres  no  impulse  being  transferred  to  contiguous 'fibresT(3  ) there  is  a 
double  conductivity  in  connection  with  the  sensory  and  motor  fibres;  <4 
there  is  an  independent  excitability  in  the  nerve  fibres,  the  effect  of  stim- 
ulation being  regulated  by  tb  i character  of  the  nerve  terminal  so  that 
in  in  case  the  nerve  terminates  in  a muscle  it  is  manifest  in  move- 
ment, if  it  ends  in  a gland  in  secretion,  and  if  it  ends  in  the  central  ner- 
vous system  it  manifests  itself  in  sensation.  We  have  seen  that  double 
conductivity  is  a characteristic  of  both  motor  and  sensory  fibres;  while  in 
the  sensory  fibres  the  impulse  passes  affereutly  and  in  the  motor  efferen- 
tly  in  normal  conditions,  yet  there  is  capacity  of  conducting  in  both  direc- 
tions. By  stimulating  either  a motor  or  sensory. nerve  along  its  path  a 
stimulus  is  transmitted  in  both  directions,  above  and  below  the  point  of 
stimulation.  In  the  case  of  the  electric  animals,  by  stimulating  the  pos- 
terior free  end  of  the  efferent  nerves  of  the  malapterurus  the  stimulation 
passes  to  the  branchings  above  the  point  of  stimulation  resulting  in  an 
electric  discharge.  In  the  sartorius  muscle  there  are  no  nerve  fibres  at 
the  upper  and  lower  ends;  bv  cutting  off  the  lower  part  and  dividing 
the  lower  part  of  the  muscle  in  two  when  suspended  and  then  stimulating 
one  part  of  the  divided  end  the  stimulation  passes  up  along  the  motor  fi- 
bre and  then  down  into  the  other  part  producing  contraction.  Kuhne 
found  that  by  dividing  the  gracilis  muscle  into  two  parts  so  as  not  to  in- 
jure the  nerve  supplying  the  parts,  by  stimulating  the  one  part  of  the  mus- 
cle and  its  nerve  contraction  results  in  both  parts,  this  being  caused  by 
the  conduction  of  an  impulse  afferently  along  a motor  fibre. 

Conditions  Which  Affect  Conductivity. — By  stimulating  the  mo- 
tor nerve  at  its  central  end  there  is  originated  a neural  commotion  which 
is  transmitted  along  the  nerve  with  a certain  rapidity.  This  rapidity  may 
be  subject  to  modification  by  various  conditions,  (a)  temperature.  It  is 
found  to  be  lessened  by  cold;  by  the  cooling  of  the  motor  nerves  Helmholtz 
found  that  the  rate  of  conduction  was  lowered  and  by  heating  them  it  was  in- 
creased. In  the  case  of  man,  by  changes  of  temperature  variations  in 
motor  conductivity  were  found  from  30  to  100  meters  per  second.  The 
same  thing  is  found  in  the  case  of  the  motor  nerve,  both  of  vertebrates 
and  invertebrates,  the  variation  in  temperature  being  from  about  10  to  20 
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degrees  C.  In  the  case  of  a sensory  fibre  it  is  found  that  by  heating  and 
cooling  them  variations  in  rapidity  take  place  from  35  to  100  meters  per 
second.  By  cooling  the  sympathetic  and  vagus  nerves  the  heart  beat  of 
the  frog  is  decreased  and  by  neating  then!  if  is  increased.  Heat  seems 
to  exercise"a  favoring  influence  on  conductivity,  but  this  is  not  absolute 
as  it  is  found  that  by  heating  the  motor  nerves  of  the  sciatic  to  41  degrees 
C.  they  lose  their  power  of  conductivity,  although  this  is  temporary  be- 
cause by  cooling  they  are  restored.  If  the  temperature  is  raised  "to  51 
degrees  the  conductivity  is  destroyed.  Different  nerves  have  their  power 
of  conductivity  suspended  or  lost  at  different  temperatures  and  this  is 
true  of  different  animals.  The  motor  fibres  of  the  sciatic  in  the  dog  lose 
conductivity  at  6 degrees  those  of  the  cat  at  3 degrees  and  those  of  the 
frog  at  zero  C.  Different  fibres  in  the  same  nerve  are  affected  differently 
by  different  temperatures  and  this  is  used  to  distinguish  the  different 
fibres.  The  vaso-constrictor  fibres  of  the  sciatic  conduct  between  two 
degrees  and  47  degrees  the  dilator  fibres  continuing  to  conduct  both  be- 
low and  above  those  limits.  By  the  application  of  cold  to  a part  of  the 
nerve  the  conductivity  is  lost  because  an  obstruction  exists  at  that  part. 
If  a part  of  a nerve  is  heated  the  rate  of  conductivity  is  increased  in  pass- 
ing  through  the  heated  portion.  This  has  been  taken  as  an  indication 


that  the  axis  cylinder  passes 


through 


chemical  changes  in  connection 


with  conductivity,  but  this  does  not  seem  to  follow  because  conductivity 
does  not  produce  exhaustion  in  the  nerve.  It  is  found  that  high  or  low 
temperatures  have  an  effect  in  lessening  and  increasing  the  rate  of  the  nor- 
mal transmission  of  impulses,  the  average  temperature  that  seems  to  aid 
transm issibility  being  about  15  to  25  degrees  C.  (b)  Mechanical  stimu- 
lation. Compression  diminishes  the  power  of  conductivity.  By  compres- 
sing the  ulnar  nerve  as  it  passes  over  the  elbow  the  region  which  the  nerve 
supplies  is  deprived  of  the  neural  impulse.  The  evidence  of  this  is  found 
in  the  fact  that  more  effort  is  necessary  to  move  the  muscles  when  there 
are  no  sensations  passing  from  the  hand.  Sensory  fibres  seem  to  have 
less  power  of  resisting  pressure  than  motor.  If  the  compression  is  ap- 
plied slowly  the  nerve  may  be  paralyzed  without  irritation  but  as  soon  as 
the  pressure  is  taken  away  the  function  is  restored  and  accompanying 
restoration  is  irritation.  The  cause  of  the  loss  of  function  resulting  from 
ajinpressi()n  is  not  known  but  it  is  important  because  it  forms  a basis  of 
inhibition  as  applied  Ostcopathically.  The  same  effect  may  be  secured 
by  stretching  a.  nerve;  il  the  tension  becomes  severe  the'conductivity  may 
be  entirely  destroyed.  By  stretching  a nerve  the  sheath  surrounding  the 
axis  cylinder  is  elongated  and  therefore  the  eallibre  is  diminished  so  that 
the  pleasure  brought  to  bear  upon  it  is  greater  resulting  in  a loss  of  con- 
ductivity or  its  suspension.  (c)  Chemical  action.  Conductivity  is  great- 
- cl  ^C1  e<*  by  anything  that  changes  the  composition  of  the  neural  sub- 
stance. Any  chemicals  which  increase  or  decrease  irritability  have  the 
same  effect  on  the  conductivity  as  a general  rule.  The  effect  of  curari  is 
to  lessen  transmissibility;  the  effect  of  alcohol  and  . ether  is  to  lessen  or  de- 
stiny conductivity  without  interfering  much  with  irritability;  COa  if  ex- 
cessive  destroys  irritability  without  affecting  conductivity. 

1 d ) When  a muscle  is  dying  there  is  an  important  modification  of  the 
l'lt-L  fd  M’lT'Hction.  In  normal  conditions  conductivity  takes  place  so 
quickly  that  the  entire  muscle  seems  to  contract  at  one  time.  The  trans- 
mission of  the  impulse  however  may  be  lessened  and  even  prevented  ac- 
coi  ‘ inff  as  certain  changes  are  found  associated  with  the  muscle.  If  a 
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muscle  when  (lying-  is  stimulated  by  a mechanical  blow  the  result  is  that  a 
swelling-  is  produced  locally;  by  lig-htly  tapping-  the  muscle  there  will  be 
round  a contraction  wave  passing-  over  the  part  of  the  muscle  that  is  tap- 
ped, indicating-  that  the  contraction  is  entirely  local.  In  the  case  of  a 
nerve  when  dying-  the  rate  of  transmission  is  gradually  lessened  until 
when  degeneration  is  complete  conductivity  is  entirely  lost,  (c,  Electric 
influences.  By  the  passage  of  a constant  current. a change  takes  pl^-p  jn 
the  conductivity  as  well  as  influencing  irritability,  influencing  particularly 
the  rate  of  conductivity.  Feeble  currents  do  not  affect  or  affect  onlv 
slightly  conductivity  whereas"srron g currents  destroy  the  power  of  con- 
duction. By  increasing  the  strength  the  effect  is  noticed  around  the  pos- 
itive pole  manifested  in  the  slow  passage  of  the  impulse.  This  becomes 
more  pronounced  as  the  nerve  is  laid  open  to  the  current  and  as  the  cur- 
rent is  increased.  The  loss  of  conductivity  is  accompanied  by  changes  af 
the  point  of  enti  ance  and  of  exit  in  the  case  of  the  nerve  hardly  any  change 
being  found  in  the  intervening  region.  Engelmann  in  experimenting  on 
the  unstriped  muscle  found  that  conductivity  was  lessened  at  the  positive 
pole,  whei  e a weak  cui  1 ent  was  used  at  the  negative  pole  the  current  in- 
crease involving  an  increase  of  conductivity.  When  the  current  becomes 
vei  y strong  conductivity  was  entirely  lost.  The  diminished  power  to 
conduct  is  associated  by  some  with  a fatigued  condition  but  this  has  not 
been  fully  proved  at  least  in  the  case  of  the  nerve.  Exhaustion  certainly 
does  not  interfere  with  the  conductivity  of  muscle  but  in  the  case  of  the 
nerves  it  is  not  known  that  they  become  fatig-ued.  It  is  true  that  certain 
physical  and  chemical  changes  take  place  in  the  nerve  when  a strong  cur- 
rent is  passed  through  it  but  the  cause  of  the  loss  of  conductivity  can  not 
yet  be  directly  associated  with  these  changes.  The  alterations  that  take 
place  in  the  conductivity  of  nerves  by  the  use  of  strong  currents  partly  ex- 
plains the  reason  why  the  closing  of  the  ascending  current  and  the  open- 
ing  of  the  descending  current  do  not  excite  the  muscle.  The  changes 
produced  by  strong  currents  on  irritability  and  conductivity  of  muscles 
and  nerves  is  of  value  in  connection  with  the  therapeutic  use  of  electricity. 
If  it  is  desired  to  make  use  of  only  one  pole  a small  electrode  may  be  ap- 
plied directly  over  the  part  to  be  affected  the  other  electrode  being  a large 
one  placed  at  an  indifferent  part  of  the  bod}-.  The  density  of  the  current 
as  it  enters  or  leaves__lIi£_J?ody  is  determined  largely  bv  the  sh?e  of  the 
electrode  and  therefore  the  effect  of  the  action  is  also  determined  by  the 
size  of  the  electrode. 

Nature  of  Conductivity. — Some  experimenters  have  tried  to  And 
out  the  changes  taking  place  in  connection  with  conductivity.  They  have 
stimulated  the  nerve  for  a long  period  electrically  and  carefully  examined 
it  to  find  out  if  there  is  any  accumulation  of  waste  substance.  In  the  gray 
matter  of  the  spinal  cord  it  is  found  that  when  activity  is  continued  for  a 
long  time  it  becomes  acid  in  reaction  but  the  same  thing  is  not  found  in 
the  white  matter  which  forms  the  nerve  fibres.  Attempts  have  been 
made  to  find  other  changes  supposed  to  be  associated  with  conductivity. 

It  is  not  found  that  any  appreciable  change  of  temperature  takes  place  in 
connection  with  conduction.  Experimenters  have  tried  to  find  out  wheth- 
er a nerve  becomes  exhausted  by  conductivity,  the  most  of  the  experi- 
ments being  made  in  connection  with  the  motor  nerves,  the  resulting  con- 
traction being  taken  as  an  indication  of  exhaustion.  As  the  muscle  be- 
comes fatigued  attempts  have  been  made  to  isolate  the  nerve  from  the 
muscle  except  at  the  opening  and  closin  ’-  of  the  experiment.  These  at- 
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tempts  however  have  been  only  partially  successful  as  the  muscle  and  the 
nerve  terminal  have  been  deprived  of  activity  b}^  means  of  curari  or  ether. 
Some  have  tried  to  make  use  of  the  current  of  negative  variation  as  an  in- 
dex of  nerve  activity.  Others  have  taken  the  vagus  nerve  to  try  and  find 
if  bv  long  stimulation  it  could  be  made  incapable  of  inhibiting  the  heart, 
the  heart  muscles  being-  kept  from  stimulation  by  the  use  of  atropin. 
The  results  of  these  experiments  have  not  been  positive  so  that  it  can  not 
be  stated  whether  a nerve  may  or  may  not  be  fatigued.  It  is  certain  that 
nerve  conductivity  is  interfered  with  if  the  blood  supply  is  interfered  with 
and  this  may  be  taken  as  an  indirect  proof  that  there  is  continually  meta- 
bolism going  on  in  connection  with  the  nerve  tissues. 


in  regard  to  the 


A great  number  of  theories  have  been  formulated 
real  nature  of  the  conducting  process.  Some  have  claimed  that  the  nerve 
acts  like  a rope;  others  that  it  is  a tube  through  which  a fluid  moves  and 
that  the  fluid  g-oes  through  oscillatory  movements;  others  have  claimed 
that  it  acts  like  a wire  in  conducting-  electricity  the  nerve  consisting  of 
certain  molecules  which  have  a definite  influence  upon  each  other  in  the 
transmission  of  the  neural  impulse;  others  claim  that  it  is  composed  of 
chemical  substances  which  act  upon  one  another  producing  certain  results 
much  as  an  explosive  substance  does  when  producing  an  explosion;  while 
others  claim  that  the  molecules  of  the  nerve  pass  through  physical 
changes  similar  to  those  that  take  place  in  connection  with  the  transmis- 
sion of  light.  So  far  as  known  to  us  the  only  function  of  the  nerve  is  that 
of  conductivity  from  periphery  to  centers  or  vice  versa  or  from  center  to 
center.  Normally  these  neural  impulses  hardly  ever  originate’  along-  the 
path  of  the  nerve  but  arise  either  at  the  periphery  or  in  connection  with 
the  central  cells.  The  nature  of  the  neural  impulse  is  unknown.  We  do 
know  that  some  change  takes'place“manifested  in  the  electrical  variation 
and  that  this  change  is  transmitted  along  the  nerve  manifesting  itself  ef- 
ferently  in  contraction  or  inhibition  in  connection  \yith  the  muscles,  in  se- 
cretion in  connection  with  the  gland  and  affercntly  in  sensation  or  in  con- 
nection with  reflex  muscular  actions,  glandular  and  secretory  activity. 
Whether  it  is  chemical,  electrical  or  purely  molecular  nothing  definite  is 
known.  There  is  no  doubt  that  certain  chemical  chang-es  take  place  in 
the  nerve,  so  much  so  that  if  the  changes  involved  in  the  blood  circulation 
are  cut  off  the  nerve  loses  its  irritability.  The  metabolic  changes  how- 
ever of  the  nerve  are  not  so  great  as  those  found  in  connection  with  the 
muscle  as  no  appreciable  CCT  has  been  found  given  off  in  connection  with 
nerve  activity.  Conductivity  is  not  changed  so  materially  as  irritability, 
hence  as  we  have  seen  close  to  the  negative  pole  an  excitation  is  more 
easily  aroused,  indicating  an  increase  of  irritability;  whereas  it  is  more 
difficulty  for  an  impulse  to  pass  in  connection  with  the  negative  pole  than 
in  the  normal  nerve  indicating  the  lessening  of  conductivity.  The  pres- 
ence of  COi ; seems  to  lessen  the  irritability  of  the  nerve  without  material- 
ly altering  its  condu ctivitv.  Alcohol  has  the  effect  of  increasin  ’-  irritabil- 
ity without  changing  thv  cond  activity.  Mimic  has  found  that  when  the 
sciatic  nerve  is  dying  there  is  a difference  in  irritability  at  different  points 
of  the^-nxiyjLe_so  that  atone  point  a very  strong  stimulation  has  no  effect 
while  a feeble  stimulation  close  to  the  central  part  produces  muscular  con- 
traction. This  was  taken  as  an  indication  by  Munk  that  the  nerve  propa- 
T 1 1 ion  differs  from  the  process  of  origination  so  that  the  transmission 
takes  place  by  the  stimulation  of  each  neural  element  by  its  adjacent  neu- 
i al  element.  There  seems  to  be  a capacity  for  transmission  whatever 


505 


CONDUCTIVITY. 


thal  means,  as  we  have  found  in  artificial  stimulation  the  impulses  mav  he 
conveyed  in  both  directions  along-  the  nerve.  In  the  case  of  the  normal 
nu  \e  thei  e is  a trophic  influence  exerted  along-  the  afferent  nerved' ami  it  Is 
also  churned  that  the  retina  can  be  stimulated  by  impulses  passing-'  along- 

-M.V+V  ° V™!-111  t!le;ivr°ng'  direction‘  This  does"  not  indicate  however 
1 n}  thing-  dir  ect  as  to  the  nature  of  the  neural  impulse 

„ , J}]Cle  L®.  a ^ffe^nce  in  different  individuals  in  the  time  required  for 
euiaJ  activity  and  this  is  said  to  indicate  that  the  neural  process  is  dif- 
feient  in  different  persons.  In  voluntary  action  the  time  required  is  di- 
1 lb u ted  into  three  processes,  the  voluntary  action  in  the  brain,  the  tran  — 
mission  of  the  motor  impulse  along  the  spinal  cord  and  nerves  and  the  ex- 
citability of  the  muscle  to  contractility.  In  the  case  of  a sensation  ar 
ed  by  sensoiy  stimulation  there  are  three  stages,  the  receptivity  of  the 
nnpi  ession  in  the  sensory  organ,  the  transmission  of  the  impulse  alon«- 
the  nei  ye  to  the  brain  and  its  reception  In  the  brain  and  transformation  to 
a conscious  sensation.  That  this  neural  impulse  is  not  uniform'  in  Its  ac- 
tion is  claimed  from 'the  fact  that  in  the  spinal  cord  there  is  a difference 

0 i ate  as  compared  with  the  nerves.  Burckhardt  determined  this  rate 
oi  the  spinal  cord  by  comparing-  the  time  of  the  passag-e  of  a voluntary 

1T?-«e  throu?h  sc‘at'c.  an(l  ulnar  nerves  which  leave  the  spinal  cord 
at  different  points. _ The  impulse  when  it  leaves  the  brain  travels  alon^- 

u6  alld  ^nowu  how  fast  it  travels  in  the  peripheral  nerves 

the  difference  in  time  represents  the  rate  of  passage  in  the  cord.  For  ex- 
ample, an  impulse  that  excites  the  interosseous  hand  muscles  ones 
thi  ough  the  cervical  part  of  the  cord,  the  lower  cervical  nerves,  the  brach- 
ial plexus  and  along  the  ulnar  nerve;  an  impulse  that  contracts  the  quad- 

1 iceps  extensor  goes  through  the  cervical  and  dorsal  regions  of  the  cord, 
the  lumbar  plexus  and  along  the  anterior  crural  nerve;  the  latter  impulse 
travels  along  the  spinal  cord  about  three  times  that  of  the  former  so 
that  the  difference  will  represent  the  rate  of  transmission  along  the  cord. 
It  is  found  from  this  that  the  conductivity  of  the  cord  represents  a much 
slower  movement  than  the  regular  nerves,  the  normal  rate  being  from  S 
to  14  meters  per  second.  A difference  has  been  found  on  the  two  sides  of 
the  body  as  represented  by  the  right  and  left  lateral  halves  of  the  cord, 
the  left  being  from  one  to  four  meters  quicker  than  the  right.  In  the 
case  of  sensory  impulses  traveling  through  the  cord  there  is  very  little 
difference  between  the  cord  and  the  nerves,  the  average  being  about  42  to 
47  meters  per  second.  There  is  a difference  among  the  sensory  impulses, 
tactile  impressions  traveling-  much  faster  than  those  of  pain,  the  latter 
moving  about  12  to  13  meters  per  second.  In  connection  with  the  brain 
it  is  claimed  that  longer  time  is  required  for  the  transmission  of  impulses 
than  the  cord  or  the  nerves.  This  time  can  be  estimated  by  the  time 
from  the  impression  to  the  time  when  the  impulse  reaches  the  brain,  de- 
ducting the  period  necessary  for  the  stimulation  and  the  time  occupied  in 
the  nerves  and  the  spinal  cord.  The  time  required  to  perform  a volun- 
tary motion  of  the  foot  in  connection  with  a signal  is  estimated  as  follows: 
Cl)  hearing  the  signal  .01  of  a second,  (2)  action  in  the  brain  involving  re- 
ception and  volition  .112,  (3)  transmission  along  the  cord  .044.  (4)  trans- 
mission along  the  sciatic  nerve  ,044,  (5)  period  occupied  in  muscle  con- 
traction .01,  amounting  in  all  to  .22  of  a second.  Among  different  individ- 


uals  there  are  differences  in  the  rate  of  impulse,, 
the  period  necessary  for  perception  and  volition, 
astronomical  observations  where  dffc 


producing 


differences  in 
This  was  first  found  in 
differences  were  found  in  recording  the 
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time  of  the  transit  of  a star  across  the  instrument  of  observation.  The 
difference  in  time  was  ascribed  to  the  difference  in  the  nervous  mechan- 
ism of  the  observers.  This  is  proved  by  the  use  of  instruments  to  record 
exactly  the  instant  of  passage  when  it  is  found  that  a variation  exists 
between  the  record  of  the  instrument  and  the  record  of  the  individual, 
this  being-  reg-arded  as  a personal  equation.  This  is  taken  as  an  indica- 
tion that  differences  exist  in  the  individual  which  either  retard  or  hasten 
the  conduction  of  neural  impulses.  This  represents  a physiolog-ical  pecu- 
liarity and  may  vary  even  in  the  same  individual  under  different  circum- 
stances. All  of  these  seem  to  indicate  that  nerve  commotion  travels  slow- 
ly compared  with  the  rate  of  lig-ht  or  sound  in  the  physical  sense  so  that 
all  kinds  of  nerve  activity  travel  very  slowly. 

As  to  the  intrinsic  nature  of  the  neural  impulse  it  unis  known.  The 
impuTseHTs  analogous' in  some  respects  to  the  electric  current  passed  along 
a conductor  and  also  to  the  chemical  changes  taking  place  in  connection 
with  the  decomposition  of  a delicate  band  of  guncotton  but  the  analogy 
fails  in  all  these  cases.  In  connection  with  this  it  is  found  that  the 
nerves  are  not  equally  irritable  at  all  points  along-  their  course  nor  in  all 
the  different 'branches.  There  is  a difference  for  example  in  the  excita- 
bility of  the  motor  fibre  to  the  extensor  muscles  and  the  flexor  muscles  of 
the  limbs  and  also  between  the  vaso-dilator  and  vaso-constrictor  fibres. ■ 
By  stimulating  the  sciatic  nerve  flexure  will  result  first  and  afterwards  as 
the  current  increases  flexure-will  bechanged  into  extension.'  This  indi- 
cates that  the  flexor  nerve  fibres  are  more  easily  excited  than  the  exten- 


sor fibres.  The  vaso-constrictor  action'  is  secured  more  easily  than  vaso- 
dilatation. The  unequal  irritability  of  excised  nerves  is  said  to  be  ex- 
plained by  the  fact  that  a local  injury  takes  place  in  connection  with  the 
excision,  in  other1  words'  there  is  a mechanical  stimulation  in  connection 
with  the  injury.  Pfluger  advanced  what  is  called  the  avalanche  theory 
to  the  effect  that  the  stimulus  increases  in  force  as  it  progresses  along- a 
motor  nerve  so  that  a feeble  stimulus  originating  far  away  from  the  mus- 
cles would  have  a greater  effect  on  the  muscle  than  a stronger  stimulus  or- 
iginating nearer  to  the  muscle.  This  theory,  however,  has  been  set  aside 
by  more  recent  experiments  the  stimulus  in  its  conductivity  remaining 
constant.  According  to  the  Ritter-Valli  law  the  nerve  is  more  irritable 
immediately  after  excision  close  to  the  cut  part  than  it  is  farther  away 
from  the  division.  After  a time  the  heightened  irritability  gives  wav  to 
lessened  irritability  which  is  gradually  lost,  this  loss  of  irritability  being- 
manifest  in  progress  towards  the  muscle.  This  has  no  bearing1  on  the 
difference  of  excitability • in  the  case  of  living  nerves.  In  the  case  of  a 
nerve  there  is  no  evidence  of  mechanical,  thermal  or  chemical  changes 
the  only  change  of  which  there  is  any  evidence- being  the  current  of  action 
which  of  itself  does  not  indicate  any  chemical  change,  although  it  is  sup- 
posed to  indicate  the  production  of  CCB.  The  nerve  represents  a force 
conducting  medium  and  in  this  sense  is  practically  exhaustless.  Fatigue 
as  we  have  seen  is  practically  localized  in  the  neuro-muscular  end  plate* so 
that  it  is  an  indication  of  the  exhaustion  of  the  nerve  or  its  incapacity  for 
conduction.  In  regard  to  the  change  in  a nerve  in  connection  with  the 
nerve  impulse  on  the  analogy  of  muscle  and  nerve  it  would  seem  as  if  the 
passage  of  an  impulse  involves  a chemical  change.  There  is  no  evidence 
that  such  a change  takes  place,  not  even  that  an  acid  reaction  is  developed 
m the  nerve.  The  gray  matter  of  the  central  system  is  slightly  alkaline 
out  ingjife  and  after  death  becomes  acid,  the  white  matter  which  is  made 


507 


THIS  PHYSIOLOGY  OK  NERVOUS  TISSUE. 


up  of  fibres  continues  to  be  during-  life  and  after  death  either  alkaline  or 
neutral  1 he  only  change  then  that  is  appreciable  is  the  electrical  one. 
ifie  only  thing-  that  can  be  recognized  in  connection  with  the  neural  im- 
pulse is  this  electrical  change.  When  a nerve  is  taken  out  of  the  body 
and  subjected  to  stimulation  very  similar  changes  are  found  to  those  tak- 
mg  place  in  the  muscle.  There  is  an  equator  in  both  muscle  and  nerve 
which  electrically  is  positive  to  the  cut  parts  of  the  muscle  and  nerve  and 
as  the  neural  impulse  passes  along  the  nerve  the  nerve  current  passes 
through  a negative  variation  as thenatui*alcurrentinmusclepasses through 
the  negative  variation  during  contraction.  It  is  questionable  if  natural  cur- 
i ents  do  exist.  When  the  muscle  and  nerve  are  in  a normal  condition 
they  are  said  to  be  iso-electrical  so  that  during  muscle  contraction  and 
during  the  passage  of  an  impulse  through  a nerve  there  is  a current  of  ac- 
tion representing  the  negative  variation.  This  change  represents  the  im- 
portant variation  taking  place  in  connection  with  the  passage  of  an  im- 
pulse. This  impulse  may  or  may  not  be  the  same  as  the  current  of  action 
but  both  the  current  of  action  and  the  impulse  travel  with  the  same  rapid- 
ity and  are  subject  to  the  same  variation.  Both  travel  in  an  undulatorv 
manner  representing  a maximal  and  minimal  variation  in  passing  along  the 
nerve.  When  a nerve  is  stimulated  at  the  middle  of  the  nerve  path  the 
current  of  variation  is  propagated  in  both  directions  and  this  is  taken  as 
an  indication  that  the  same  thing  takes  place  in  connection  with  the  im- 
pulse both  in  the  sensory  and  motor  nerve.  We  are  not  able  therefore  ab- 
solutely to  identify  the  nerve  impulse  with  the  current  of  action  found  in 
connection  with  the  nerve  although  there  is  a close  analogv  between  the 
two. 

SECTION  VI.  The  Physiology  of  Nervous  Tissue. 

We  have  discussed  the  properties  of  muscles  and  nerves  in  connec- 
tion with  the  muscles.  Before  discussing  the  phenomena  exhibited  bv 
the  muscles  and  nerves  in  connection  with  heat,  chemicals  and  electricity 
we  must  consider  the  physiology  of  nervous  tissue.  The  neural  mechan- 
ism bears  such  a close  relation  to  all  the  tissues  of  the  body  and  their 
functions  that  it  is  very  important.  Under  nervous  tissues  are  included 
not  only  nerve  fibres  but  also  the  nerve  centers  with  one  of  which  each 
nerve  fibre  is  connected  by  one  of  its  extremities.  The  other  extremity 
of  the  nerve  fibre,  at  least  in  many  cases,  terminates  in  some  special  struc- 
ture termed  an  end  organ  and  these  nerve  organs  may  be  considered  in 
connection  with  the  nervous  tissues.  Many  of  these  end  organs  are  af- 
fected by  certain  special  stimuli  and  different  nerve  centers  have  different 
functions  allotted  to  them.  It  will  therefore  be  convenient  here  to  discuss 
only  those  phenomena  of  nervous  action  which  are  exhibited  more  or  less 
by  all  nerve  centers  and  all  nerve  fibres.  Certain  special  effects  will  be  ex- 
plained concerning  nervous  action  with  the  physiology  of  the  various 
organs  and  of  the  central. nervous  system.  With  the  latter  it  will  also  be 
convenient  to  consider  the  function  of  these  specialized  structures  and 
organs  through  which  special  agents,  for  example,  odors,  light,  sounds 
etc.,  are  able  to  stimulate  nerve  fibres.  In  connection  with  the  nervous 
mechanism  there  are  four  different  kinds  of  evidence  available,  (a)  that 
furnished  by  anatomy  from  the  origin,  course  and  relations  of  the  dif- 
ferent parts  of  the  system;  (b)  that  furnished  by  a histological  examina- 
tion of  the  structure  of  the  nerve  both  in  its  embryo  and  adult  condition; 
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(c)  the  experimental  facts  discovered  by  physiologists  when  the  nerves  are 
divided  and  the  stimulation  is  applied  to  the  parts;  (d)  the. observations  of 
clinical  physicians.and  surgeons  and  the  postmortem  results  of  pathologi- 
cal examinations.  For  a long  time  the  anatomical  knowledge  was  simply 
confirmed  by  clinical  experiences  but  in  recent  years  the  experimental 
methods  have  opened  up  a wide  field  of  information  regarding  the  nerves. 
By  laying  open  a nerve,  dividing  it  and  subjecting  it  to  stimulation  inter- 
esting results  were  obtained  in  connection  with  the  feeble  and  strong  cur- 
rents. In  this  way  clear  differentiation  was  found  between  the  sensory 
and  motor,  nerves  and  a clear  distinction  was  made  in  the  functions  ascrib- 
ed to  the  cranial  and  the  spinal  nerves,  as  well  as  the  influence  of  certain 
nerves  or  definite  organs  of  the  body.  Thus  the  anatomists,  histologists, 
physicians  and  surgeons  have  all  been  united  in  the  attempt  to  open  up 
the  difficulties  of  the  neural  economy.  The  nervous  system  consists  of 
(a)  the  brain  and  spinal  cord  forming  the  central  nervous  system;  (b)  the 
nerves  that  pass  from  the  central  system  to  the  different  parts  of  the  body, 
those  in  relation  to  the  spinal  cord  being  called  spinal  and  those  in  rela- 
tion to  the  brain  cranial  nerves;  (c)  ganglia  that  are  found  distributed 
along  the  nerve  paths  and  (d)  nerve  terminals  which  bring  the  nervous 
system  into  close  relation  to  the  muscles  and  organs  of  the  body.  In  the 
body  there  are  two  nervous  systems  which  are,  however  closely  related  to 
one  another  at  many  points,  (a)  the  cerebro-sninal  consisting  of  a brain 
and  spinal  cord,  cranial  and  spinal  nervesTin  connection  chieflyr  with  the 
integument,  organs  of  special  senses  the  voluntary  muscles,  etc.  (b)  The 
syjnpatfi^tic  consisting  of  small  nerve  centers  or  ganglia  and  the  nerve 
fibres  in  connection  with  them  the  majority  of  the  fibres  joined  bv 
fibres  forming  a chain  on  each  side  of  the  vertebral  colum.n  The  sympa- 
thetics  are  chiefly  in  relation  with  the  blood  vessels  and  the  viscera.  The 
nervous  system  in  man  consists  essentially  of  three  parts,  nerve  centers. 

— or&ans  an<^  Qerve  fibres  joining  together  the  central  and  ter- 
mirialorgans.  A nerve  center  always  contains  nerve  corpuscles  which 
are  supported  by  a delicate  neuroglia.  Plach  nerve  corpuscle  is  nucleat- 
ed, destitute  of  a cell  wall  and  has  a varying  number  of  branches  or  poles 
one.of.  whjeh  is  continuous  with  the  nerve  fibre,  the  axis  cylinder.  The 
different  varieties  of  nerve  corpuscles  are  (1)  bi-polar  in  the  ganglia  on  the 
posterior  roots  of  the  spinal  nerves;  (2)  tri-polar  or  pyramidal  in  the  gray 
matter  of  the  surface  of  the  cerebral  hemispheres;  (3)  multipolar  in  the 
gray'  matter  of  the  spinal  cord;  (4)  the  pear  or  flask  shaped  cells  called  also 
the  tad-pole  cell  in  the  gray  matter  of  the  cerebellum.  The  nerve  fibres 
are  of  two  kinds,  (a)  the  white  or  medullated  found  chiefly  in  the  cerebro- 
spinal system  and  (b)  the  gray  non-medullated  in  the  sympathetic  system 
and  in  the  olfactory  nerve.  A nerve  or  nervous  cord  as  found  in  the  body 
is  composed  of  an  outer  sheath  from  which  partitions  pass  in  separating 
different  bundles  or  fasciculi  of  nervous  fibres.  Each  little  bundle  has 
also  a separate  sheath  of  its  own  composed  of  nerve  fibres.  A white  or 
medullated  nerve  fibre  is  a narrow  band  varying  in  diameter  from  one- 
twelve  thousandth  to  one-fifteen  thousandth  part  of  an  inch,  of  double  con- 
tour and  a slightly  sinuous  outline  consisting  of  (a)  a delicate  transparent 
o^uter  sheath  the  lining  membrane  or  primitive  sheath;  (b)  on  the  deep 
surface  of  these  are  nuclei;  (c)  contained  within  this  sheath  a semi-fluid 
matter  which  after  death  or  under  the  influence  of  acetic  acids  is  found  to 
be  divided  into  two  parts,  [1]  a central  albuminous  thread,  the  axis  cylin- 
der. I his  is  the  essential  conducting  part  of  the  nerve  from  the  central 


50() 


THE  PHYSIOLOGY  OE  NERVOUS  TISSUE.. 


extremity  where  it  is  continuous  with  the  nerve  corpuscle.  It  passes 
continuously  along-  the  course  of  a nerve  and  it  is  only  when  close  to  its  peri- 
pheral termination  that  it  breaks  up  into  fine  branches.  [2]  Under  a 
high  power  microscope  longitudinal  striae  may  be  seen.  Surroundiny- 
the  axis  cylinder  is  a less  dense  substance  known  as  the  medullary  sheath 
01  white  substance  of  Schwann.  This  contains  a large  proportion  of  pro- 
tag on,,  a substance  in  which  both  N and  P are  constituents  and  which 
yields  a large  amount  of  fatty  matter.  When  it  is  stained  black  with  osmic 
aod  the  white  substance  seems  to  be  interrupted  at  regular  intervals 
these  interruptions  being  termed  the  nodes  of  Ranvier.  The  parts  of  the 
nei  \ e between  the  nodes  are  called  the  internodes.  A single  nucleus  on 
the  surface  of  the  primitive  sheath  is  found  in  each  node.  The  non-med- 
ullated  or  gray  nerve  fibres  are  flat  narrow  bands  with  numerous  nerve 
nuclei.  There  is  no  white  substance  of  Schwann  and  the  fibres  often 
branch  off  and  unite  with  neighboring  fibres.  There  is  an  outer  covering 
or  membrane  which  represents  the  neurilemma.  In  the  spinal  cord  we 
find  a number  of  segments  along  the  cord  axis  each  segment  sending  off 
a pair  of  spinal  nerves.  The.  same  segmentary  division  exists  in  the 
brain,  the  cranial  nerves  representing  this  division  although  it  isless  com- 
plete than  that  of  the  cord.  In  connection  with  each  spinal  nerve  we  find 
two  roots.  E>ach  segment  of  ~Th e cord  consists  ot  a gray  internal  part 
and  a white  external  part,  the-anterior  root  being  given  off  from  The  an- 
terior part  of  the  gray  matter  and  the  posterior  root  from  the  posterior;: 
part.  T.  he  posterior  root  passes  into  the  spinal  gang-lion  uniting  be}"ond 
the  ganglion  with  the  anterior  roots  to  form  the  main  trunk.  The  poster- 
ior root  contains  sensory  fibres  and  the  anterior  root  motor  fibres  so  that  ' 
the  main  trunk  represents  a mixed  nerve.  In  the  division  of  the  fibres  of 
this  trunk  branches  are  sent  off  to  the  skeletal  muscles  and  the  cutaneous 
sufaces,  the  motor  fibres  being  united  with  the  muscle  fibres  and  the  sen- 
sory fibres  terminating  in  epithelial  cells,  while  others  after  dividing  into 
minute  processes  and  forming  plexuses  terminate  in  thetssuesof  the  skin 
and  the. skeletal  muscles.  The  cutaneous  nerves  are  called  somatic  to. 
distinguish  them  from  the  visceral  nerves  that  are  called  spjanchnics.  After 
the  mixed  nerve  leaves  the  spinal  canal  a branch  is  given  off  that  runs  as 
a ramus  communicans  nerve  into  the  sympathetic  ganglia,  the  sympathe- 
tic .system  representing  an  enlargement  of  the  splanchnic  branches  of 
the  spinal  nerves.  In  this  way  the  splanchnics  are  sent  to  the  visceral 
organs  some  of  them  going  through  the  ganglia,  most  of  these  splanch- 
nics being  centrifugal  fibres  carrying  impulses  from  the  central  system 
to  the  viscera,  although  a few  are  centripetal  carrying-  impulses'  from  the 
viscera  to  the  central  system.  All  the  fibres  from  the  sympathetic  do 
not  go  to  the  viscera  for  some  return  to  the  spinal  nerve  and  go  along  the 
somatic  nerves  while  others  go  back  into  the  cord.  Some  nerves  passing 
to  the  blood  vessels  affect  the  calibre  of  the  vessels  and  are  called  nerves 
of  vaso-motion,  those  which  constrict  being  called  vaso-constr i ctori  These 
vasoconstrictor  fibres  pass  from  the  central  nervous  system  to  the  splan- 
chnic and  sympathetic  system,  some  passing  to  the  blood  vessels  of  the 
viscera  and  others  turning  back  to  pass  along  with  the  somatic  nerves  to 
the  blood  vessels  of  the  cutaneous  surfaces. 

A nerve  is  essentially  the  elongation  of  a nerve  cell,  the  axis  cylinder, 
which  in  the  medullated  nerve  is  the  essential  partand  inthcnon-medullated 
nerve  forms  the  entire  nerve  except  the  neurilemma,  being-  the  continu- 
ation of  the  axis  cylinder  cell  process.  A nerve  then  consists  of  nerve 


THE  PHYSIOLOGY  OF  NERVOUS  TISSUE. 


510 


fibres  connected  tog-ether  in  connection  with  connective  tissue  containing 
blood  vessels  and  lymphatics.  The  spinal  and  cranial  nerves  are  chiefly 
medullated  some  being-  non-medu Hated,  while  the  sympathetic  nerves  arc 
chiefly  non-medullated.  In  the  medullated  nerves  theTbres  are  enclosed 
in  an  epineurium  sending  out  septa  into  the  nerve.  In  the  non-medullated 
fibres  a perineurium  binds  together  the  fibres,  In  the  larger  sympathet- 
ic trunks  in  the  liver  and  kidneys  are  found  tubular  lymph  spaces  between 
the  fibres.  In  the  large  nerve  trunks  there  is  a distribution  of  capillary 
blood  vessels  ramifying  in  the  perineurium  and  epineurium,  each  fibre 
being  surrounded  by  a lymph  space,  continuous  with  the  sub-dural  mid 
sub-arachnoidal  spaces  in  the  brain  and  spinal  cord.  Thus  changes  of 
pressure  in  the  lymphatic  circulation  affect  the  nerve  fibres.  The  gang- 
lia represent  small  cell  groups  along  the  path  of  the  peripheral  nerves. 
In  the  ganglia  there  are  minute  bundles  of  fibres  with  groups  of  ganglion 
cells  collected  together  either  in  rounded  or  elongated  masses.  Around 
the  ganglia  there  is  a sheath  of  connective  tissue  which  forms  the  continu- 
ation of  the  nerve  perineurium  and  septa  of  connective  tissue  sometimes 
into  the  ganglia.  Capillaries  are  found  very  abundantly  in  the  ganglia  and 
i n connection  with  the  cells  we  find  great  vascularity  showing  the  neces- 
sity for  a constant  supply  of  blood  in  connection  with  nutrition.  In  the 
cerebro-spinal  ganglia  the  cells  are  large  and  rounded,  each  cell  being 
surrounded  by  a layer  of  flattened  cells  continuous  with  the  sheath  of  the 
medullated  nerves.  The  ganglion  cells  are  unipolar,  one  of  the  processes 
coming  from  the  cell  and  afterwards  dividing  into  two  branches.  The 
nerve  fibres  in  connection  with  the  gangliaare  medullated,  but  it  isnot  known 
how  the  fibres  are  arranged  in  the  interior  part  of  ths  ganglia.  Qaskell 
has  shown  that  when  a medullated  nerve  enters  the  ganglion  it  loses  It’s 
sheath  and  leaves  the  ganglion  non-medullated.  Among  these  ganglia  we 
find  the  Gasserian  in.  connection  with  the  fifth  cranial,  the  jugular  o-an- 
glion  in  connection  with  the  pneumogastric,  the  petrosal  in  connection 
with  the  glosso-pharyngeal,  the  auditory  ganglion  in  connection  with  the 
auditory  nerve,  the  geniculate  ganglion  in  connection  with  the  facial  nerve 
and  the  spinal  ganglia.  In  the  sympathetic  ganglia  the  cells  are  smaller  and 
the_\  ai  e multi-polar.  The  fibres  that  are  associated  with  these  ganglia 
are  medullated  and  non-medullated  although  nothing  is  known  as  to  their 
relation  with  the  ganglion  cells. 

In  regard  to  the  nerve  terminals  the  terminators  are  the  agents  of 
nervous  impulses  the  fibres  being  the  media  of  communication  between 
the  terminators.  One_set.of  these  terminators  is  found  on  the  body  sur- 
face and  is  capable  of  receiving  influences  from  the  outside.  These  re- 
ceivers of  external  stimuli  are  very  varied  in  character  as  they  are  capable 
1 . leceiying  the  various  kinds  of  intrinsic  stimulation.  Thwy  may  be 
eithei  distributed  over  the  whole  surface  so  as  to  be  brought  into  contact 
with  external  stimulation  or  they  may  be  localized  and  specialized  so  as  to 
leceive  sonorous,  luminous,  odorous  and  gustatory  influences.  In  the  lat- 
tei  cases  the  terminators  are  localized  into  one. part  fonningtlic  complex 
organs  of  sense.  Another  kind  of  terminator  is  found  embedded  in  the 
< eepei  structure  acting  as  local  distributors  of  impulses,  for  example, 
the  skeletal  nerve  plates,  the  ganglionic  net-work  in  the  intestinal  walls, 
in  many  cases  the  connection  between  the  tissues  and  the  nerves  is  not  vet 
understood.  Another  class  of  terminators  is  found  in  tin 

which  the  cells  are  grouped  together,  these  constituting  tin 


in 


fa.nglion 


iei  minators  found  in  the  cerebro-spinal  system  or  in  the  gangli; 


le 


. cells 
central 


ia  centers. 


511 


THK  PHYSIOLOGY  OH  NKKVOUS  TISSUK. 


1 hese  nerve  cells  have  all  processes  branching-  out  from  the  centers  a-  a 
means  of  communicating  with  the  nerve  fibres.  In  this  wav  the  connec- 
tmn  with  the  terminators  is  complete  throughout  the  entire'  nervous  sys- 
tem. \Vhile  a nerve  may  be  stimulated  along  its  path  the  stimulation  is 
usually  applied  in  connection  with  a special  organ  capable  of  receiving-  a 
pai ticulai  kind  of  stimulation.  In  vision,  for  example,  there  is  a termi- 
naf  organ  In  the  retina  the  optic  nerve  representing  the  conductor 
and  the  brain  the  organ  of  reception.  Light  does  not  affect  the  optic 
neive  but  the  light  acts  specifically  on  the  retina  the  stimulation  of  the  re  - 
tina resulting  in  the  stimulation  of  the  fibres  of  the  optic  nerve.  The 
function  of  the  terminal  organs  may  be  described  as  that  of  a mechani-.m 
f(?i  setting  fiee  stimulation.  'I  hey  do  not  change  physical  energy  into 
nerve  energy  but  they  promote  the  nerve  action  in  connection  with  exter- 
nal stimulation. 

It  has  been  shown  that  nerve  fibres  may  be  aroused  to  activity  either 
directly  or  as  a result  of  changes  occurring  in  nerve  centers.  The  nerves 
do  not  possess  the  power  of  originating  impressions  so  that  their  function' 
is  .purely  one  of  transmission.  Those  which  convey  impressions  in  war'd 
to  nerve  centers  are  called  afferent  and  those  along  which  impressions 
travel  outwards  from  nerve  centers  are  called  efferent.  That  some 
change  is  produced  in  the  nerve  fibre  as  a result  of  stimulation  and  that 
this  change  passes  along  the  fibre  has  been  already  shown.  It  may  be 
demonstrated  by  stimulating  a motor  nerve  at  some  distance  from’  the 
muscle  when  the  muscle  will  contract.  The  nerve  may  be  said  to  respond 
to  a stimulus  by  becoming  excited  and  this  state  of  excitement  is  con- 
ducted along  the  fibre.  Hence  the  fibres  are  said  to  possess  excitability 
and  conductivity.  The  essential  part  of  the  fibre  is  the  part  in  which  ex- 
citability resides  and  along  which  the  impression  travels,  namely  the  axis 
cylinder.  It  is  not  known  what  the  exact  nature  of  the  changes  taking 
place  in  a fibre  as  a result  of  stimulation  are,  but  the  comparatively  slow 
rate  at  which  the  change  travels  along  the  fibres  seems  to  indicate  that  it 
is  not  of  the  same  nature  as  an  electric  current.  Whatever  is  its  nature 
the  actual  change  in  the  nerve  fibre  appears  to  be  identical  whether  the 
impression  is  passing  afferentlv  or  efferentlv.  The  difference  in  the  ulti- 
mate effect  produced  does  not  depend  oi)  the  difference  in  the  fibre  or  in 
the  nerve  current  but  on  the  varying  nature  of  the  structure  in  which  the 
nerve  terminates,  for  example,  muscles,  nerve  centers.  Various  circum- 
stances influence  the  degree  of  excitability,  as  for  example,  the  state  of 
nutrition,  the  alternate  period  of  rest  and  activity!  temperature,"  fTfe* 
passage  of  a constant  current  of  electricity.  It  is  also  known  that  the 
further  the  motor  nerve  is  irritated  from  the  muscle  the  greater  is  the 
excitability  at  the  one  end  and  the  contraction  at  the  other,  this  .is 
Pfluger’s  law  of  contraction.  If  the' sciatic  nerve  of  a frog  connected 
with  the  isolated  limb  is  stretched  over  two  wires  passing  from  the  posi- 
tive and  negative  poles  of  a battery  with  a distance  of  one  and  one-half 
inches  between  the  wires;  and  if  a key  is  interposed  in  the  circuit  a cur- 
rent will  pass  along  one  and  one-half  inches  of  the  nerve  when  the  key  is 
closed  and  cease  when  the  key  is  opened.  By  having  a communicator  or 
receiver  in  the  circuit  we  can  send  a current  up  and  down  a nerve  at  will. 
Arrangements  may  also  be  made  for  irritating  the  nerve  by  another  pair 
of  wires  coming  from  an  induction  machine  either  near  the  negative  or 
positive  pole  of  the  current  coming  from  the  battery.  It  will  be  found 
that  near  the  negative  pole  nerve  excitability  is  increased  whil 
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positive  pole  it  is  diminished,  that  is,  the  nerve  near  the  negative  pole  is 
more  excitable  than  in  the  normal  state,  whereas  nearer  the  positive  pole 
it  is  less  excitable,  indicating  that  one  of  the  physiological  properties  of 
nerve  fibre  has  been  changed  by  the  action  of  a continuous  current..  An 
electrical  current  applied  to  a nerve  produces  stimulation  only  at  the 
point  of  entering  and  leaving  it.  During-  the  passage  of  the  steady  and 
continuous  current  the  nerve  is  said  to  be  in  the  electrotonic  state,  in  this 
state  some  of  its  properties  differ  from  the  normal,  the  portions  of  the 
nerve  around  the  positive  pole  being  called  anelectrotonic;  the  portion 
around  the  negative  pole  being  called  katelectrotonic.,  In  the  former  case 
electrical  tension  is  increased  while  the  excitability  and  conductivity  are 
diminished;  in  the  latter  case  the  changes  are  the  reverse.  Between  the 
two  parts  when  the  nerve  is  in  the  electrotonic  state  there  is  a neutral 
point  of  indifference  in  which  the  properties  of  the  nerve  seem  to  be  un- 
changed and  the  position  of  this  point  seems  to  depend  on  the  strength  of 
the  current.  When^the  current  is  strong  the  point  is  near  the  negative 
pole,  that  is,  the  nerve  nearTEfe  negative  pole  is  anelectrotonic,  the  excit- 
ability being  decreased;  when  the  current  is  weak  the  point  is  near  the 
positive  pole,  that  is,  the  nerve  near  the  negative  pole'  is"  katelectrotonic, 
the  excitability  being  increased;  if  the  current  is  medium  the  point  of  in- 
difference lies  midway  between  the  poles  and  the  excitability  is  therefore 
normal.  This  explains  the  reason  why  on  closing  the  current  a feeble 
current  gives  contraction  because  a large  portion  of  the  nerve  close  to  the 
negative  pole  becomes  katelectrotonic  and  therefore  produces  stimulation. 
It  the  current  is  strong  a stimulation  takes  place  on  opening  because  a 
large  portion  of  the  nerve  close  to  the  positive  pole  is  anelectrotonic  and 
therefore  produces  stimulation.  When  th£_current  is  moderate  there  is  a 
contraction  both  on  opening  and  closing  because  the  electrotonic  condition 
is  produced  midway  between  the  poles.  Chauveau  has  experimented  on 
placing  the  one  pole  on  the  nerve  and  the  other  on  some  other  part  of  the 
body.  He. finds  that  the  current  possesses  in  this  case  a definite  intensity 
depending  on  the  physiological  nerve  condition;  by  decreasing  the  in- 
teruiity_bel()w  the  normal,  motor  nerves  are  affected  more  strongly  by  the 
negative  than  the  positive  pole,  while  the  reverse  is  the  case  if  the  inten- 
sity is  above  normal.  In  the  sensory  nerves  more  pain  is  produced  in  con- 
nection with  the  negative  thanThe' positive  pole  and  from  this  he  concluded 
that  the  positive  pole  is  stronger  on  the  motor  and  the  negative  stronger 
on  the  sensory  nerves. 

In  connection  with  nerve  tissue  it  is  important  to  notice  the 
physical,  chemical  and  vital  properties.  (1)  Physical  properties.  The 
gray  matter  is  found  to  be  soft  and  diffluent,  even  the  wfiite  matter  has 
little  cohesion  or  consistency.  Any  slight  degree  of  firmness, cohesion  or 
consistency  in  the  nerve  center  is  due  to  the  delicate  neuroglia,  a kind  of 
cement  formed  of  a substance  allic(Tto"keratin;  a whitish  homogenous  sub- 
stance of  epithelial  origin  which  supports  the  nerve  corpuscles  binding 
together  individual  nerve  fibres  and  ganglion  cells.  In  nerve  fibres  the 
contents  of  the  primitive  sheath  or  neurilemma  exist  during  life  in  a semi- 
fluid condition  and  the  toughness  and  strength  of  the  nerve  trunk  is  de- 
pendent on  the  corny  tissue  of  granular  matter  or  spongy  horny  sub- 
stance binding  together  the  nerve  fibres.  The  elasticity  of  nerves  is  not 
perfect-  I he  white  matter  consisting  of  nerve'  fibres  a bsTTrbs  fluids  con- 
taining saline  substances  in  different  proportions,  for  example,  NaCl  is 
not  absorbed  at  all,  sulphate  of  soda  only  very  slightly  while  the  salts  of 
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potassium  are  absorbed 


,,,  • , r — n-  v?rY  freely.  (2)  Chemical  properties.  The 

c heniistry  of  nervous  tissue  is  as  yet  but  little  understood.  The  corpuscles 
and  the_  nerve  centers  are  albuminous  in  their  nature.  In  the  nerve  fibre 
the  axis  cylinder  is  alkaline  and  albuminoid  while  the  white  substance  of 
Schwann  yields  cholesterin,  fatty  substances  and  neurokeratin.  Hence 
in  the  g i ay.  matter,  that  is  the _ nerve  corpuscles  with  nerve  fibres  consist- 
ing; (>f  the  axis  cylinder  only,  the  proportion  of  albuminous  matter  ismrn  h 
g- reader  than  in  the  white  matter,  that  is,  the'  axis-cylinder  with  the  white 
substance  of  Schwann.  In  this  latter  fatty  substances  preponderate. 
1 he  primitive  sheath  or  neurilemma  seems  to  be  similar  in  nature  to 
elastic  substance.  The  chemical  changes  that  take  place  in  nerves  during 
the  passage  of  a nerve  current  are  not  known.  It  is  said  that  a small  pro- 
portion of  heat  has  been  detected  during- activity.  The  specific  gravity  of 
gray  matter  varies  from  1,029  to  1,038  and  that  of  white  matter  from 
1,038  to  1,043,  indicating  that  the  white  matter  contains  less  water  the 
amount  varying  in  different  parts  of  the  brain  and  nervous  system. 
Bernhardt  found  in  the  sympathetic  64  per  cent,  in  the  cervical' spinal 
coid  /3  percent,  in  the  medulla  /4  per  cent  and  in  the  cortex  cerebri  86 
pei  cent.  The  albuminous  matter  in  the  nerve  cells  and  axis  cylinder  is 
not  myosin  as  it  is  not  soluble  in  a ten  per  cent  solution  of  NaCl.  Tffe 
nerve  fibres  have  been  found  by  a process  of  artificial  digestion  to  contain 
neuro-keratin  a substance  found  in  a layer  immediately  around  the  axis 
cylinder  and  chiefly  in  the  Schwann  sheath.  Both  nerve  cells  and  axis 
cylinders  contain  albuminous  matter;  the  white  substance  is  found  be 
tween  two  layers  of  keratin;  in  the  medullated  fibres  of  the  central  system.' 
although  they  have  not  The  sheath  of  Schwann  they  have  "the  keratin  layer" 
ai  oil  n d the  axis  cylinder.  In  the  axis  cylinder  there  is  also  lecithin  and  choles- 
terin.  Nervecells  andfibresmanifestthe  presenceof  phosphorus,  thefresh 
gray  matter  haying  yielded  .49  and  the  white  matter  .89  per  cent.  Gray 
matter  in  refiCtion  is  .slightly  acid,  after  death- the  ac.id-itw4>ecoming  more 
marked.  W hite  substance  on  the  other  hand  is  neutral  and  at  or  after  death 
becomes  alkaline.  The  substances  so  far  found  in  connection  with  nervous 
tissue  are  complicated  in  their  chemical  characteristics.  In  the  ganglion 
cells  there  is  found  nuclein  and  this  long  with  the  albumin  found  lu  the  nerve 
cells  indicates  the  presence  of  phosphorus,  this  neucleinfound  in  cells  form- 
ing the  basis  of  the  reproductive  power  of  the  cells. 

(3)  Vital  properties.  The  two  vital  properties  associated  with  nerve 
tissue  are  those  of  nutrition  and  reproduction.  Like  the  corpuscles  of 
muscles  and  other  tissues  the  nerve  cells  or  corpuscles  existing-  in  the 
nerve  centers  receive  their  supply  of  nutriment  and  O directly  from 
the  circulating  blood.  The  nerve  fibres  are  also  said  to  be  , nourished  bv 
the  blood  through  the  nodes  of  Ranyier.  Whether  this  is  correct  is  not 
known  but  it  is  certain  that  the  nutriment  of  the  nerve  fibres  depends  in 
a very  marked  degree  on  their connection  with  certain  nerve  centers  called 
trophic  centers.  If  the  sciatic  nerve  is  cut  through  it  will  be  found  that 
the  portion  separated  from  the  spinal  cord  may  soon  begin  to  lose  its  irri- 
tability, the  loss  of  irritability  beginning  at  the  cut  end  and  passing  grad- 
ually down  the  nerve.  This  loss  of  sensibility  according  to. whiyh  the. 
change  in  irritability  progresses  ccntrifugally  along  the  motor  nerve  is 
known  as  the  Ritter-Valli  Law.  Fatty  degeneration  with  the  breaking  up 
of  the  axis  cylinder  follows  and  the  changes  follow  the  same  course  as  the 
loss  of  irritability,  namely,  from  the  cut  end  of  the  separated  portion  they, 
pass  along  the  nerve  even  to  its  finest  branches.  This  is  the  law  of 
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\Valler.  Opposed  to  this  is  the  fact  that  the  portion  of  the  nerve  remain- 
ing- in  connection  with  the  spinal  cord  is  not  affected,  except  from  the 
place  of  section  to  the  first  Ranvier  node  where  similar,  changes  to  those 
already  described  take  place,  The  difference  is  very  marked  and  the  ex- 
planation is  that  the  one  portion  of  the  nerve. has  "been  separated  from 
while  the  other  has  remained  in  connection  with  its  trophic  center.  Re- 
mmnliering_  that,  the  tmphic  nerve  centers  of  the  motor  fibres  arc 
in  the  cord  and  those  of  the  sensory  fibres  in  the  ganglia  of  the  posterior 
root  the  following  actions  may  be  understood.  In  section  of  the  anterior 
root  the  part  in  connection  with  the  cord  remains  unchanged,  while  the 
separated  part  and  the  motor  fibres  in  the  nerve  trunk  degenerate.  In 
section  of  the  posterior  root  between  the  ganglion  and  the  cord  tne  partof 
the  root  in  connection  with  the  cord,  separated  from  the  ganglia,  deg-en cr- 
ates while  the  part  in  connection  with  the  ganglia  and  the  sensoi'y  fibres 
remains  unchanged.  In  section  of  the  nerve  trunk  that  is  outside  the 
junction  of  the  two  roots  afi'fRe'fibres  in  the  separated  part  of  the  trunk 
degenerate  while  the  roots  and  theportion  of  the  trunk  in  connection  with 
them  are  unchanged.  The  excision  of  the  ganglion  causes  the  whole  of 
the  posterior  root  and  sensory  fibres  in  the  trunk  to  degenerate.  Some 
few  fibres  found  in  the  posterior  root  seem  to  run  into  the  anterior  root  as 
when  the  posterior  root  is  cut  outside  this  ganglion  scattered  degenerated 
fibres  areToun  din  the  anterior  root.  Thesearecalledthe  fibresof  recurrent 
sensibility.  Thus  the  nerve  nutrition  is  found  to  take  place  in  connection 
with  substances  reaching  the  axis  cylinder  through  the  Ranvier  nodesand 
also  from  the  centers.  In  the  case  of  degeneration  the  axis  cylinder  from 
the  central  part  plays  the  most  important  part  in  the  regenerative  process 
which  takes  place  by  proliferation,  anew  axis  cylinder  being  formed.  If 
the  cut  ends  of  a divided  nerve  trunk  are  united  new  fibres  will  be  formed 
in  the  degenerated  portion.  This  seems  to  be  due  mainly  to  the 
elongation  and  division  of  the  axis  cylinder  of  the  central  partof  the  nerve, 
but  some  difference  of  opinion  exists  as  to  the  exact  nature  of  the 
part  played  by  the  axis  cylinder  in  the  degenerated  portion  and  also  bv 
proliferating  nuclei  found  on  the  deep  surface  of  the  primitive  sheath  or 
neurilemma. 

The  nerve  cells  are  not  normally  present  in  the  nerve  fibres  but  are 
the  normal  constituents  of  the  central  system  out  of  which  the  nerves  are 
sent  and  in  the  ganglia  through  which  the  nerve  fibres  pass  to  their  points 
oi_connectjpn.  Thus  the  nerve  fibres  represent  the  nerve  cell  processes, 
in  the  central  system  fipc  nerves  axe  found  in  the  gray  matter  the  white 
mattei  consisting  mainly  of  nerve  fibres.  In  the  anterior  roots  of  the 
spinal  cord  we  find  the  efferent  fibres  which  are'  elongations  of  the  axis 
cylinder  cell  processes  found  embedded  in  the  gray  matter  of  the  cord,  the 
lines  of  the  posterior  roots  being  prolongations  of  the  cells  in  the  spinal 
gangha.  1 here  are  other  processes  in  connection  with  cells  besides  those 
that  become  the  anterior  and  posterior  fibres  but  these  terminate  in  con- 
nection with  the  gray  matter  of  the  cord.  In  the..gray  matter  we  also  find 
nei  ve  cells  whose  processes  begin  and  end  in  the  gray  matter  without 
passing  from  the  'Central  system.  It  is  here  in  this  ramification  and  de- 
cussation tha.T  we  find  in  connection  with  the  gray  matter  of  the  spinal 
coi  ri  and  brain  the  nerve  centers  which  have  their  connection  with  the  af- 
ei  ent  and  efferent  fibres.  In  some  cases  the  afferent  fibre  is  dir 
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Nqi'yc. centers  may. be  divided  into  two  classes,  centers  which  receive 
impressions  and  centers  that  originate  impressions,  although  the  same- 
center  may  at  dififerenttimes  receive  and  originate  such  impressions.  Some 
centers  when  they  receive  an  impression  have  the  power  in  some  mysteri- 
ous way  of  communicating-  the  fact  and  their  sensation  .results  or  the  con- 
sciousness of  an  impression,  other  centers  have  no  such  poweyand  there- 
fore when  they  receive  an  impression  there  is  no  consciousness  of  the  im- 
pression, no- communication  of  the  fact  to  the  mind  and  therefore  no  sen- 
sation. b or  example,  in  the  case  of  the  irritation  of  the  skin  of  the  deca- 
pitated frog-  the  nerve  center  in  the  spinal  cord  receives  an  impression  but 
does  not  communicate  the  fact  to  the  sensorium  and  therefore  no  sensa- 
tions result.  But  as  the  result  of  stimulating-  the  center  by  an  afFerent 
impression  another  impression  is  sent  out  from  the  center  a'long  an  effer- 
ent nerve  and  the  muscles  are  thus  stimulated  to  contract.  There  is  in 
such  a case  no  sensatiou  and  no  action  of  the  will,  the  movement  is  invol- 
untary and  the  action  is  spoken  of  as  a reflex  one.  In  regard  to  the  center 
in  which  impressions  originate  some  of  these  are  stimulated  by  the  will 
and  are  called  voluntary  centers  while  others  are  without  voluntary  in- 
fluence. The  term  automatic  although  applicable  to  the  action  resulting 
from  the  activity  of  both  of  these  centers  is  generally  restricted  to  those  on 
which  the  will  has  no  influence,  the  term  voluntary”  being  limited  to  those 
which  the  will  arouses.  Nerve  centers  may  be  classified  as:  (1 » Those 

which  receive  impressions;  of  these  there  are  fwolunds,  (a)  those  that 
receive  impressions  and  communicate  with  the  sensorium,  consciousness  of 
an  impression  or  true  sensation  rhsultfngv  'These  are  the  true  sensory 
centers.  ,(  b)  Those  which  receive  impressions  causing  them  to  originate 
other  impressions.  No  communication  with  the  sensorium  follows  and  no 
sensation  results;  hence  these  are  called  reflex  centers.,  .(21  Those  that 
originate  impressions,  either  (a)  under  the  influence  of  the.  will  called  vol- 
untary centers,  or  (b)  without  the  influence  of  the  will,  called  automatic 
centers.  Nerve  centers  are  sometimes  classified  according  to  the  actions 
in  which  they  are  concerned,  tor  example,  psychic,  inhibitory,  etc.  In 
the  nerve  centers  we  find  a distribution  of  action  corresponding  with  the 
division  of  labor.  The  initial  action  is  performed  by  a verv  complex  set  of 
organs  specially  adapted  to  receive  impulses  or  sensations  from  the  out- 
side. This  excitation  is  then  transmitted  by  means  of  nerve  fibres  to  the 
central  nervous  cells  which  seem  to  perform  the  function  of  classifying, 
dividing,  and  redistributing  those  impulses  as  well  as  in  certain  cases  re- 
straining impulses  so  that  the  higher  nerve  cells  may  be  free  to  utilize 
these  impulses.  Associated  with  these  higher  nerve  cells  we  find  those 
centers  which  can  initiate  impulses  within  themselves  without  external 
stimulation,  thus  possessing-  the  capacity  of  initiating*  energy  within  them- 
selves. 

The  functions  of  those  centers  of  action  may  be  classified  as  follows: 
(1)  Reflex  action.  These  nerve  centers  possess  the  capacity  of  reflecting 
impulses  received  from  an  afferent  nerve  sending  the  impulse  by  an  effer- 
ent nerve  to  some  of  the. active  tissues.  (2)  Acceleration.  Some  centers 
have  the  power  of  increasing  the  response  to  a given  stimulation,  this  aug- 
menting power  depending  on  the  central  nervous  cells  rather  than  on  any 
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local  causes.  (3)  Co-ordination.  Reflex  actions  require  the  cooperation 
of  several  centers,  for  example,  there  are  receiving- Cells,  distributing- cells 
and  directing-  cells,  all  of  these  cooperating-  in  connection  with  the  nervous 
impulse.  (4)  Inhibition.  Certain  nerve  cells  restrain  other  cells  or 
tissues  cither  restraining  the  receptive  power  or  diminishing-  the  impulse 
distributed  and  sent  on.  (5)  Automatic  action.  Certain  nerve  cells  have 
the  power  of  originating  impulses  without  any  external  exciting  stimula- 
tion. The  best  example  of  automatic  action  is  found  in  the  center  con- 
trolling the  respiratory  movement.  All  or  at  least  almost  all  those  auto- 
matic actions  are  connected  in  some  way  with  reflex  actions.  In  these 
nerve  centers  we  find  the  mental  activity  the  functions  pertaining  to  and 
discharged  by  these  centers  forming  the  basis  of  the  mental  acts  which 
we  classify- under  perception,  conception,  thought,  memory  and  volition. 

The  psychic  question  is  one  of  correct  distribution  in  the  case' of 
these  functions  for  the  adequate  development  of  the  mental  activities. 
The  operations  of  the  mind  are  related  in  some  way  to  those  actions  which 
result  from  a long  series  of  extrinsic  and  intrinsic  stimulations,  modified, 
limited  and  enlarged  by  those  internal  influences  which  are  brought  to 
bear  on  the  nerve  cells  and  centers,  depending  on  activity,  association,  her- 
editary transmission  and  contact  with  the  external  world  of  sense.  Often 
we  find  efferent  impulses  coming  from  the  brain  and  spinal  cord  without 
any  preceding  external  stimulation.  The  resulting  movements  are  called 
automatic,  these  impulses  arising  from  changes  in  the  nerve  center  itself. 
It  is  claimed  by  some  that  no  such  changes  exist  but  there  are  certainly 
rhythmical  alterations  taking  placeinthe  central  nervous  system,  notably  in 
the  medulla  which  give  rise  to  the  sending  out  of  impulses  of  an  efferent 
nature  which  control  the  rhythmic  action  of  the  muscles  of  the  thorax  in  res- 
I iration.  The  same  kind  of  movements  is  undoubtedly  found  in  connection 
v ith  other  rhythmicactionsof  the  body  organs.  In  connection  with  the  brain 
we  find  impulses  originating  in  connection  with  volition,  the'  resulting  im- 
pulses being  voluntary.  We  do  not  find  such  voluntary  activity  in  connec- 
tion with  the  spinal  cord.  It  is  claimed  that  in  the  spinal  ganglia  the  same 
automatic  impulses  originate  in  connection  with  nutrition,  the  nerve  cells 
controlling  the  nutrition  of  the  nerve  fibres.  In  connection  with  the  heart 
we  find  rhythmic  action,  the  muscle  being  interspersed  with  ganglia  so 
that  even  after  removal  from  the  body  there  is  preserved  foratimethecapac- 
ity  for  these  rhythmic  movements.  In  a subordinate  sense  it  is  believed 
that  these  actions  are  automatic  the  ganglia  sending- out  impulses  to  the 
muscles. 

Reflex  Action. — A reflex  action  is  one  that  takes  place  independent- 
ly of  consciousness  and  without  any  voluntary  effort,  the  primary  excita- 
tion being  applied  to  an  afferent  nerve.  In  every  reflex  action  there  are 
concerned  (1)  an  afferent  nerve,  (2)  a nerve  center  or  group  of  connected 
CCfll£rs.and  ( 3 ) an  efferent  nerve  or  nerves  passing  to  some  peripheral 
structure,  such  as  a muscle,  gland  or  blood  vessel.  The  stimulation  of  the 
skrn  of  the  decapitated  frog  with  its  resulting  movements  has  already 
been  referred  to  as  an  example  of  reflex  action.  The  afferent  impulses 
| each  the  center  and  the  efferent  impulses  are  given  out  from  the  center. 
The  nerve  center  must  not  be  regarded  as  simply  transmitting  the  affer- 
ent and  changing  it  into  an  efferent  impulse  for  the  efferent  may  bear  no 
certain  proportion  to  the  absolute  intensity  of  the  afferent  impulse;  for  ex- 
ample, the  smallest  particle  of  any  foreign  substance  passing  into  the 
laiynx  may  set  up  the  most  violent  coughingof  a reflex  nature,  the  inns- 
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cular  contractions  and  therefore  the  efferent  nervous  impulses  being  alto- 
pther  out  ot  proportion  to  the  intensity  of  the  stimulus  and  consequently 
to  the  afferent  impulses.  The  reflex  center  is  not  to  be  regarded  merely  as 
a shunting-  station,  but  rather  as  a storehouse  of  latent  energy  which  Is  s--’ 
free  and  made  manifest  when  an  afferent  impression  reaches  the  .cimicjx 
A 1 enex  action  may  be  limited  to  a single  muscle  or  group  of  mU'des  or 
it  may  effect  many  groups  of  muscles  by  diffusion  of  the  reflex  action  .,r 
nxuscle  glands,  blood  vessels  etc.  The  stimulus  that  arouses  tKTT^fkx 
center  may  at  the  same  time  stimulate  a center  connected  with  conscious- 
ness, but  in  this  case  the  movements  following  the  activity  of  the  reflex 
center  are  quite  independent  of  the  activity  of  the  true  sensorv  centers 
for  example,  the  case  of  mustard  in  the  mouth.  In  reflex  action  we  have 
(a)  the  primary  excitation.  This  may  take  place  in  the  nerves  of  Wnera: 
sensibility  or  in  the  nerves  of  the  special  senses.  Some  nerves  more 
easily  excite  reflex  actions  than  others,  for  example,  in  the  case  of  con- 
traction of  the  pupil  under  the  influence  of  the  light  falling  on  the  retina. 

1 he  a^ffei  ent  neive  is  the  optic,  the  center  is  the  corpora  q_uadrigemina, 
the  effeient  neive  the  thiid  cranial,  (b)  A reflex  action Tna/y~ follow  the 
excitation  of  a sensory  neive  either  at  its  beginning  or  at  some  point  in  its 
course.'  TIT  the  latter  case  the  action  is  less  ac  ti  veT^cVTTTFgrTviru  b- 
stance  containing  the  nerve  cells  forms  the  chief  part  of  the  refle^x  cent.  r- 
and’we  find  group's  of  such  reflex  centers  connected  by  intermediate  fibres. 
The  power  of  excitation  caeses  if  these  nerve  centers  are  isolated  from  the 
psychic  centers  which  direct  voluntary  activity,  lor  example,  after  decapi- 
tation reflex  action  takes  place  with  more  intensity  than  in  the  living 
animal.  These  reflex  actions  may  be  inhibited  therefore  from  hio-fier 
centers  and  this  is  called  inhibition  of  reflex  action,  (d)  Reflex  action 
may  take  place  in  a single  muscle  or  in  a group  of  muscles.  The  muscles 
may  "be  grouped  according  to  stimulation  and  the  degree  of  excitement 
of  the  reflex  center.  Pfluger  has  shown  that  in  the  case  of  the  decapitat- 
ed frog  excitation  of  the  skin  of  one  hind  leg  results  in  transmission  from 
the  center  of  impulses  to  the  muscles  of  the  foot  on  the  same  side;  bv  in- 
creasing the  excitation  it  is  transmitted  to  a center  on  the  other  side  and 
the  muscles  of  both  hind  legs  contract;  by  a still  further  increase  of  exci- 
tation the  stimulation  is  transmitted  to  the  higher  centers  and  the  con- 
traction of  the  front  limbs  results;  if  the  stimulation  is  still  increased  the 
highest  reflex  centers  may  be  reached  and  the  result  is  general  con- 
traction of  all  the  muscles  spasmodicallyx  (e)  Sensory-  stin-mlation  mav 
result  by  a reflex  process  in  motion,  secretion  and  conscTousness,  for ‘ex - 
ainoler  m ustard  m the  mouth  may  produce  involuntary  movements,  gaii- 
vary  secretion,  and  a conscious  sensation,  (f)  Thfi_u§etif  certain  sub- 
stances irmrp.a<^ps  the  reflex  action,  for  example,  strychnineT whereas  cer- 
tain substances  diminish  excitability,  for  example,  potassium  bromide, 
atropin,  chloral  hydrate,  (g)  In  order  to  produce  reflex  action  In  certain 
cases  a number  of  excitations  are  necessary.  If  the  individual  stimulus 
is  weak  no  reflex  action  follows  and  if  the  individual  stimuli  are  rapidly 
applied  the  sensation  affects  the  center.  In  certain  cases  also 
reflex  action  is  produced  as  a result  of  the  action  of  a series  of  centers  in 
which  the  cerebral  centers  control  the  deeper  brain  ganglia  and  those 
deeper  ganglia  control  certain  centers  in  the  spinal  cord.  This  is  called 
the  super-position  of  reflex  actions.  (h)  The  time  occupied  by  these  re- 
flex actions  can  be  approximated  by  measuring  the  time  between  stimu- 
lation and  movement  and  subtracting  from  this  total  time  the  time  neces- 
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sary  for  the  stimuli  to  pass  along-  the  nerves  and  the  latent  period  of  con- 
traction. The  amount  of  time  left  will  represent  the  period  of  reflex  ac- 
tion. It  is  found  to  be  .0555  to  .047  of  a second.  It  may  be  shortened  by 
the  chemical  action  of  strychnine. 

The  afferent  impulses  reaching-  the  center  give  rise  to  the  sending 
out  of  impulses  and  no  doubt  can  exist  as  to  the  relation  of  the  two  im- 
pulses, as  in  the  case  of  the  brainless  frog-  by  pricking-  its  skin  movements 
will  result  in  the  exterior  parts  of  the  body.  Reflex  actions  may  take 
place  in  connection  with  the  brain  and  spinal  cord,  the  resulting-  move- 
ments in  the  case  of  a muscle-nerve  preparation  depending- on  the  streng-th 
of  the  stimulus  and  the  nature  of  the  stimulation,  the  resulting-  contrac- 
tion being-  a measure  of  the  strength  of  the  Stimulation,  although  it  is  sub- 
ject to  variation.  The  effect  of  the  stimulus  depends  on  the  condition  of 
the  center  and  the  arrangement  in  connection  with  the  nervous  mechan- 
ism. If  a slight-  stimulus  is  applied  to  a delicate  part  of  the  body  it  may 
result  in  a violent  motion,  while  the  same  stimulus  on  the  outer  surface  of 
the  body  may  produce  hardly  any  result.  In  the  case  of  the  sensory  and 
motor  nerves  there  is  no  appreciable  alteration  in  the  strength  of  the  im- 
pulse during  the  passag-e  so  that  the  change  must  take  place  in  connection 
with  the  center.  The  reflex  action  does  not  mean  simply  that  the  im- 
pulse is  reflected  in  a certain  direction  but  that  the  centers  have  the 
power  of  modifying  by  increasing  or  diminishing  the  impulse  so  that  in 
leaving  the  center  it  is  a new  impulse.  The  centers  have  been  compared 
to  a magazine  of  explosives  ready  to  discharge  when  the  connecting  wire 
is  touched.  Although  the  analogy  is  not  perfect  it  indicates  that  great 
changes  take  place  in  connection  with  the  center.  There  is  generallvria 
relation  between  the  part  where  the  stimulation  is  applied  and  the  move* 
ments  resulting  from  the  reflex,  this  depending- in  the  ordinary  reflex  oir 
the  relation  of  the  sensory  and  motor  nerves.  In  special  cases  there  is 
said  to  be  an  adjustment  between  the-sensory  and  motor  nerves,  this  ad- 
justmenttaking place  in  a complicated  way  through  the  center.  The  spinal 
ganglia  do  not  act  as  reflex  -centers,' t:he’ -’Cells  simply  regulating  and  carry- 
ing on  the  trophic  influences  m connection  with  the  nerve- fibres.  In  con- 
nection with  the  sympathetic  ganglia  some  claim  that  thev  act  reflexlv 
but  if  so  it  is  only  in  a subordinate  sense,  some  b‘f  the  impulses  from 
higher  centers  being  possibly  stored  up  in  connection  with  these  ganglia. 

1 he  stimulation  may  originate  in  the  nerve.s  of  special  or  general  sensibil- 
ity some  nerves  being  more  easily  excited  than  others. 

Inhibitory  Action. — In  the  case  of  the  decapitated  frog  the  nerve  cen- 
ters in  the  spinal  cord  are  a-rUused  to  activity-and  nervous  impulses  reach 
them  along  afferent  fibres.  The  nerve  centers  previous  to  this  reception 
of  impulses  were  in  a staty  of  repose,  for  until  they  were  thus  stimulated 
no  movementsJof  the  limbs  were  Observable.  It  may  happen  however  that 
afferent  impressions’ may." reach  dll  c centers  while  in  a state  of  activity,  ef- 
ferent impulses  passing- 'from-  these  centers  at  intervals  and  producing 
more  or  less  rhythmical  movements  as  the  result  of  the  alternate  con- 
traction and  relaxation  of  muscular  fibres  stimulated  by  these  impres- 
sions. When  this  occurs  the  activity  of  these  active  nerve  centers  may 
be  modified  by  the  impressions  that  reach  them.  In  the  first  place  their 
activity  may  be  increased  and  the  nerve  fibres  which  convey  these  impres- 
Sions  that  have  this  result  arc  spoken  of  as  accelerating  fibres.  On  the 
other  hand  the  activity  of  the  active  nerve  center  raav  be  diminished  or 
altogether  suspended,  such  an  effect  being  an  inhibitory  action' and  the 
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nerve  hbres  along-  which  the  impressions  that  lessen  the  activity  of  a 
working-  nerve  center  pass  are  called  inhibitory  fibres.  These  impres- 
sions in  some  cases  originate  from  nerve  centers:,  that  is,  one  nerve  center 
may  originate  an  impression  that  restrains  the  activity  of  another  center. 
Hence  the  originating  center  may  be  called  an  inhibitory  center.  An  ex- 
ample of  this  inhibitory  action  occurs  in  connection  with  respiration. 
This  process  is  due  to  the  alternate  contraction  and  relaxation  of  certain 
muscles  under  the  influence  of  the  rhythmic  nervous  impressions  emana- 
ting  from  a center  situated  in  the  medulla.  Certain  nerve  fibres  in  the 
superior  branch  of  the  vagus  nerve  are  associated  with  this  center  and  on 
the  stimulation  of  these  the  activity  of  the  center  is  diminished  or  sus- 
pended and  the  respiratory  movements  are  slowed  or  altogether  stopped. 
The  impression  conveyed  by  the  nerve  fibres  has  inhibited  the  activity  of 
the  respiratory  centers.  The  nerve  fibres  that  constitute  the  anterior 
roots  of  the  spinal  cord  are  efferent  but  not  all  motor,  because  all  the  fibres 
do  not  bear  impulses  that  result  in  muscular  contractions.  There  is  a 
distribution  of  these  fibres  to  the  glands  in  connection  with  which  the  epi- 
thelial cells  are  induced  to  secretory  activity.  Others  are  distributed  to 
the  muscles  of  various  organs,  such  as  the  heart  whose  activity  is  dimini- 
shed by  the  impulses  passing  along  the  fibres  to. them.  Hence  by  stimu- 
lating the  vagus  with  sufficient  strength  the  heart  may  cease  to' beat,  on 
account  of  the  stoppage  of  contraction  entirely  in  the  cardiac  muscle,  all 
the  muscle  fibres  being  perfectly  relaxed;  if  the  stimulation  is  feebler  the 
heart  rhythm  is  not  stopped  but  is  lessened.  This  represents  the  inhibi- 
tory action  of  nerve  fibres.  These  inhibitory  fibres  it  is  claimed  go  to  all 
the  different  parts  of  the  body  so  that  wherever  there  is  a liberation  of 
energy  there  may  be  a restraint  exercised  over  the  liberation  in  connec- 
tion with  the  inhibitory  fibres.  In  opposition  to  inhibition  there  is  an 
augmentory  action  that  may  be  exercised  in  the  same  way  as  the  inhibi- 
tory in  connection  with  the  liberation  of  energy,  so  that  instead  of  retard- 
ing the  liberation  there  is  an  acceleration  of  it.'  In  addition  to  these  there 
are  certain  nerve  fibres  the  stimulation  of  which  produces  contraction, 
the  vaso  constrictor  fibres,  of  the  blood  vessels  with  which  they  are  con- 
nected; the  stimulation  of  other  nerves  produces  a dilatation  of  the  blood 
vessels,  vaso-dilator  fibres.  These  latter  are  supposed  to  produce  the  di- 
latation result  by  inhibitory  action  and  the  former  to  produce  constriction 
by  motor  action.  Other  examples  are  found  in  the  slowing  of  the  heart's 
action  when  the  vagus  is  stimulated. 

From  the  standpoint  of  function  the  nerves  may  be  divided  into 
motor,  sensitive,  vascular,  secretory  and  inhibitory.  A motor  nerve  is 
composed  entirely  of  fibres  that  excite  to  muscular  action  and  as  the  im- 
pulses pass  from  the  central  system  they  are  called  efferent.  Nerves 
which  on  stimulation  produce  sensations  are  called  sensitive.  In  some 
cases  there  is  a combination  of  both  of  thes  ekinds  of  fibres,  sensory  and 
motor.  The  newer  classification  is  based  on  a more  distinct  differentia- 
tion of  function.  Classification  is  sometimes  made  on  the  basis  of  origin 
and  course  into  cercbro-spinal’and  sympathetic;  according  to  their  struc- 
ture, medullated  and  non-medullated;  according  to  their  origin  and  dis- 
tribution into  somatic  and  splanchnic;  on  the  basis  of  function  generally 
into  afferent  and  efferent.  On  the  basis  of  the  latter  division  we  have  a 
number  of  subdivisions  according  to  the  impulses  conveyed  along  the 
fibres  and  the  purpose  served  by  these  impulses.  The  interchange  be- 
tween the  cerebro-spinal  and  sympathetic  systems  is  through  the  rami 
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communicantes,  the  cerebrospinal  receiving-  gray  fibres  from  the  sympa- 
thetic and  the  sympathetic  white  fibres  from  the  cerebrospinal.  The 
centers  of  the  sympathetic  fibres  are  in  the  spinal  axis  and  not  in  the 
sympathetic  g-ang-lia.  The  size  of  the  fibres  determines  to  a certain  ex- 
tent their  functions,  the  larg-est  being-  those  sent  to  the  skeletal  muscles 
as  motor  fibres,  the  sensory  fibres  being-  g-enerally  smaller.  The  vaso 
motor  fibres  are  small,  the  vaso-inhibitory  being-  medullated  and  the  vaso 
acceleratory  non-medullated. 

In  the  medullated  fibres  we  find  the  axis  cylinder  surrounded  by  a 
medullary. sheath  of  myelin,  the  whole  being-  inclosed  in  the  primitive 
sheath  or  neurilemma.  The  axis  cylinder  is  the  essential  and  continuous 
part.  The  medullary  sheath  consists  of  a series  of  segmentary  fibres  of 
fatty  substance  united  at  the  nodes,  each  internodal  part  forming-  a seg- 
ment or  cell  with  a single  nucleus.  The  neurilemma  is  a fine  membrane 
sheath  enclosing  the  4iMr  nerve  substance,  outside  of  which  there  is  a sec- 
ond sheath  which  encases  isolated  nerve  fibres,  called  Henle’s  sheath,  the 
continuation  of  the  connective  tissue  which  connects  the  nerve  fibres  in 
bundles.  In  the  non-medullated  we  have  simply  the  axis  cylinder  sur- 
rounded by  the  neurilemma  supposed  to  represent  the  embryonic  nerve 
condition,  continuing  to  exist  in  adult  life  in  the  visceral  regions  in  connec- 
tion with  the  unstriped  muscles.  All  the  efferent  nerves  are  not  motor 
hence  the  term  efferent  is  taken  as  the  wider  and  more  generic.  Similar- 
ly all  afferent  nerves  are  not  sensory  in  the  strict  sense,  because  sensory 
impulses  technically  apply  only  to  those  that  arouse  consciousness,  for 
example,  the  heart  action  and  the  visceral  action  are  not  normally  aroused 
in  consciousness  although  in  pathological  conditions  we  do  become  con- 
scious of  their  action.  In  regard  to  the  distribution  of  these  nerves  the 
cerebro-spinal  nerves  are  generally  distributed  to  the  voluntary  muscles 
and  the  cutaneous  surfaces,  while  the  the  sympathetic  nerves  are  distri- 
buted to  the  visceral  organs  and  the  blood  vessels. 

The  nerve  fibres  may  be  most  conveniently  classified  as  follows.  L 
Centrifugal  or  efferent  nerves,  carrying  impulses  outwards  from  some 
nerve  center.  Of  these  there  are  six  subdivisions.  (1)  Motor,  some 
times  called  true  efferent  nerves  passing  to  muscles  and  causing  contrac- 
tion, for  example,  musculo-motor,  pilo-motor,  broncho-motor,  viscero- 
motor, vasculo-motor  and  cardio-accelerator.  (2)  Secretory,  passing  to 
the  cells  of  glands  influencing  secretion,  some  say  causing  secretion,  at 
least  a special  kind  of  secretion,  secreto-motor.  (5)  Vaso-motor  passing 
to  the  walls  of  the  blood  vessels,  influencing  their  callibre,  these  are  either 
vaso-cons  trie  tor,  causing  contraction,  or  vaso-dilator  (vaso-inhibitory) 
causing  dilatation.  (4)  True  inhibitory  nerves,  influencing  other  centers 
of  nerve  activity  so  as  to  neutralize  or  at  least  moderate  their  actions, 
vaso-inhibitory,  cardio-inhibitorv  and  visccro-inhibitory.  (5)  Thermo- 
genic and  tropihe  nerves  that  pass  to  all  the  tissues  in  connection  wit  hheat 
and  nutrition.  Some  include  among  these  pathic  nerves  which  arc  asso- 
ciated with  sensations  of  pain.  (6)  Electrical  nerves,  so  affecting  a par- 
ticular organ  as  to  produce  electrical  discharges,  as  in  the  case  of  the  elec- 
tric fishes,  electro-motor.  II.  Centripetal  or  afferent  nerves,  carrying  in- 
fluences inwards  to  the  nerve  centers.  These  arc  [1]  the  true  sensory 
ner\es,  pioducing  more  or  less  acute  sensations;  [a]  either  general  and 
vague,  carrying  to  nerve  centers  in  the  brain  impulses  that  produce  sen- 
sations which  are  hardly  perceptible  to  consciousness  and  not  of  a per- 
mar.ent  character,  for  example,  impulses  from  the  lungs,  heart  stomach, 
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tactile,  muscular  and  temperature  sensations;  or  [b]  special  and  distinct, 
carrying-  impulses  to  the  brain  centers  which  give  rise  to  sensation  asscK 
ciated  with  the  special  senses  and  limited  to  the  special  organs  of  sense. 
[2]  Afferent  reflex-sensory,  passing  to  the  centers  and  conveying  the  stimu- 
lations w hich  do  not  necessarily  cause  sensations  and  which  may  or  mav  not 
be  followed  by  motions,  secretions,  changes  in  the  calibre  of’  the 
vessels  and  visceral  changes.  [3]  Inhibitory  passing  to  centers  whose 
activity  they  restrain,  depressor.  [4]  Connecting  nerve  fibres  which 
pass  from  the  cerebro-spinal  to  the  sympathetic  system  as  rami  com- 
municantes  and  also  the  nerve  fibres  connecting  nerve  cells  in  the  large 
nerve  centers.  . ...  • 

The  peripheral  extremities  of  the  nerve  fibres  terminate,  at  least  in 
many  cases,  in  some  special  structures  which  are  spoken  of  collectivelv 
as'  end  organs,  for  example,  end  plates  in  muscles,  the  rods  and  cones  in 
the  retina,  etc".  It  is  probable  that  in  normal  conditions  it  is  always 
through  these  that  the  nerves  act  or-  is  acted  upon.  They  are  not  to  be 
regarded  as  structuresffbat  simply  transmit  the  stimulus  to  or  from  the 
nerve  but  rather  as  storehouses  of  various  forms  of  energy  which  is  lib- 
erated on  stimulation  and  which  in  the  case  of  afferent  nerves  causes  the 
stimulation  of  the  nerve  and  in  the  case  of  efferent  nerves  the  contraction 
of  the  muscles*  ■ Thus  light  will  not  directly  stimulate  the  fibres  of  the 
optic  nerve,'  it  will  only  act  on  that  nerve  through  the  rods  and  cones  of 
the  retina  in  which  it  produces  certain  changes.  It  is  these  changes 
that  stimulate  the  nenve  fibres!  The  chief  function  of  the  efferent  nerves 
is  voluntary  muscle' movement.  We  have  no  evidence  of  peripheral  vol- 

untary inhibition,  the  inhibition  taking  placemt  the  centers.  The  invol- 
untary inotivity  is  found  ih  connection  with  the-muscle  of  the  arteries  and 
the  glands  of  secretion,  the  only  voluntary  influence  upon  these  being  se- 
cured by  voluntary  stimulation  at  the  periphery  affecting  them  reflexlv. 
Vaso-constriction  is  motor  and  vaso-dilatation  inhibitory  in  action,  but 
whether  this  takes  place  at  the  periphery  or  in  the  center  is  unknown. 
In  connection  with  intestinal  movements  the  stimulation  of  the  vagus  pro- 
duces increased  action  and  of  the  splanchnics  diminished  action  but  these 
may  be  modified  by  other  circumstances.  In  regard  to  the  secreto-motor 
fibres  to  the  glands  we  find  two  classes  of  fibres  those  that  increase  the 
water  discharge  and  those  increasing  the  secretory  discharge,  the  latter 
being  called  trophic  because  of  their  relation  to  the  nutrition  and  activity 
of  the  gland  cells.-'  Voluntary  muscle  inhibition  takes  place  in  connec- 
tion with  the  centers  although  it  does  not  take  place  voluntarily  but  under 
stimulation  from  the  periphery. 

In  regard  to  the  afferent  nerves  they  may  be  classified  according' to 
their  functions,  optic,  olfactory,  etc.  It  is  claimed  that  there  are  ther- 
mic and  pathic  nerves  inconnection  with  heat  and  pain  butthe latter  seem  to 
have  no  proof,  pain  arising  simply  in  connection  with  excessive  sensory 
stimulation.  It  is  well  to  remember  that  there  is  a distinction  between 
the  pure  sensory  and  general  sensory  which  does  not  affect  conscious- 
ness. The  afferent  nerves  are  really  either  motor  or  inhibitory  in  their 
effects  having  the  power  to  stimulate  and  also  to  depress  in  connection 
with  different  parts  of  the  nervous  mechanism.  This  it  is  claimed  forms 
the  basis  of  hypnosis. 

The  nerve  function  is  discovered  in  connection  with  observations  of 
changes  following  its  division  or  stimulation.  When  division  takes  place 
in  the  case  of  a motor  nerve  paralysis  follows  in  the  muscles,  while  in  the 
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sensory  nerves  there  is  a stoppage  of  the  sensory  impulses  giving-  rise  to 
sensations.  In  the  case  of  nerves  that  are  constantly  active  they  are  said 
to  have  a tonic  effect,  as  in  the  case  of  the  pneumogastric  to  the  heart, 
while  others  are  simply  occasionally  active  c,s  the  depressor  nerve.  By 
dividing  a tonic  nerve  the  tonic  influence  is  cut  off  at  once,  as  by  division 
of  the  vagus  the  heart  is  accelerated.  In  the  case  of  occasionally  active 
nerves  when  divided  their  stimulation  indicates  their  function.  In  the 
case  of  a sensory  nerve  when  divided  the  stimulation  of  its  central  end  re- 
sults in  sensations  aroused  in  consciousness  and  this  forms  the  basis  of 
what  is  called  the  first  principle  of  nervous  action,  namely  the  law  of  spe- 
cific nerve  energy.  Another  principle  is  that  of  isolated  conductivity,  the 
nerve  fibres  forming  continuous  paths  isolated  from  one  another  so  that 
radiation  to  adjacent  fibres  is  impossible.  The  order  of  chang-es  in  the 
case  of  a divided  nerve  is,  [1]  paralytic  condition  of  the  nerve  cell  or  of  the 
muscle  in  the  case  of  sensory  or  motor  nerves;  [2]  lessened  irritability 
coming  on  slowly  and  becoming-  complete  in  a few  days;  [3]  degenera- 
tion of  the  nerve  peripherally,  taking  place  gradually;  (4)  regeneration 
which  takes  place  slowly;  [5]  restored  function  of  motivity  or  sensibility. 
The  exact  time  represented  by  these  changes  varies  considerably  under 
different  conditions.  Experiments  indicate  that  degeneration  and  conse- 
quent regeneration  require  months  to  complete  the  process. 

In  regard  to  the  trophic  action  in  connection  with  the  nerves,  the 
question  arises  whether  direct  trophic  influences  are  sent  out  from  the  cen- 
ter tothe  nerve  fibres  or  whether  these  changes  take  place  in  connection  with 
changes  in  the  blood  vessels.  It  is  'well  known  that  the  nutrition  of  the 
motor  spinal  nerves  is  in  connection  with  the  gray  matter  of  the  spinal 
cord  and  that  of  sensory  nerves  in  connection  with  the  spinal  ganglia. 
But  the  question  is,  do  the  nerves  convey  impulses  that  modify  or  check 
peripheral  nutrition  independent  of  chang-es  in  connection  with  the  blood? 
It  is  claimed  that  after  division  of  the  cervical  sympathetic  there  is  in- 
creased growth  of  the  rabbit’s  ear,  after  the  division  of  the  facial  nerve 
greater  development  of  the  maxillary  bones  and  after  the  division  of  the 
sciatic  nerve  the  wasting  of  the  extremity;  but  all  of  these  seem  capable 
of  explanation  on  other  grounds.  It  is  claimed  that  by  division  of  the  fifth 
nerve  there  is  inflammation  of  the  eye,  ulceration  of  the  cornea  and  finally 
a total  loss  of  the  eye-ball,  involving  the  disturbance  of  the  trophic  influ- 
ences. It  is  objected  however  that  when  the  nerve  is  divided  sensibility 
is  lost  in  the  cornea  and  conjunctiva  so  that  foreign  substances  lodging  in 
the  eye-ball  produce  inflammation  externally.  In  support  of  this  it  is  said 
that  if  the  eye  is  protected  it  can  be  kept  a much  longer  time  from  disin- 
tegration, so  that  these  results  do  not  prove  the  trophic  value  of  the 
nerves.  It  is  claimed  that  in  paralyzed  parts  of  the  body  nutrition  is  in- 
terrupted and  therefore  we  have  the  basis  for  bed-sores.  A similar  con- 
dition is  found  in  herpes  but  in  neither  case  do  we  know  that  these  results 
follow  the  lack  of  nutrition.  Without  doubt  the  nerve  cell  and  fibre  con- 
stitute a unity  but  whether  this  extends  to  the  peripheral  tissues  is  not 
so  easily  decided.  It  is  true  that  muscles,  the  motor  fibres  of  which  have 
been  divided  manifest  what  is  called  the  reaction  of  deg-eneration  when 
stimulated  electrically.  In  the  case  of  the  induced  current  the  muscles 
are  less  irritable  than  normal  and  in  the  case  of  a constant  current 
moi  e irritable  although  the  contraction  is  very  slow  and  lengthened  com- 
pared with  the  normal.  This  degenerative  reaction  however  is  only 
found  in  paralyzed  muscles  in  case  the  lesion  is  found  below  the  level  of 
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the  cells  in  the  anterior  horn  out  of  which  the  motor  nerves  spring  and 
this  principle  is  of  value  in  the  diagnosis  of  paralysis.  This  principle 
has  been  extended  to  all  tissues  so  that  all  tissues  are  said  to  be  supplied 
by  trophic  nerves.  A case  is  cited  in  which  the  third  and  fifth  nerves 
were  paralyzed.  The  eye  continued  to  be  protected  by  the  contraction  of 
the  orbicularis  oculi  in  connection  with  the  seventh  nerve,  the  paralysis 
ol  the  third  permitting  further  protection  by  the  drooping  of  the  eye-lid. 
The  eye  continued  perfect  for  several  months  until  the  tumor  that  para- 
lyzed the  third  and  fifth  also  paralyzed  the  seventh  with  the  result  thatin- 
flammation  set  in  and  the  eye  was  completely  lost.  The  conclusion  does  not 
seem  certain  that  genei'al  trophic  fibres  exist  in  the  case  of  all  peripheral 
tissues  of  the  body  as  the  changes  found  in  supposed  cases  are  to  be 
accounted  for  on  the  basis  of  profound  vascular  and  other  changes. 

At  the  peripheral  termination  of  the  nerve  fibres  we  find  important 
modifications  of  the  structures  and  arrangement  of  the  fibres.  The 
minute  branches  on  entering  the  tissues  divide  and  subdivide  very  quick- 
ly, these  minute  divisions  uniting  in  the  formation  of  plexuses  out  of 
which  are  sent  the  minute  processes  that  are  distributed  among  the  tis- 
sues. In  connection  with  the  skin  we  find  the  superficial  and^the  deep 
plexuses,  the  former  being  more  closely  united  and  consisting  of  very 
small  bundles.  The  terminal  plexus  represents  the  finest  fibres.  In 
connection  with  the  terminal  plexus  the  nerve  fibres  are  again  divided 
into  branches,  the  axis  cylinder  dividing  into  secondary  axis  cylinders, 
Reichert  estimating  that  in  the  frog’s  muscle  one  primitive  fibre'is  divid- 
ed into  thirty  terminal  fibres.  As  the  nerve  fibre  reaches  its  peripheral 
terminal  it  loses  its  medullation,  the  bfire  consisting  only  of  the  axis 
cylinder  which  at  the  extreme  limit  of  the  terminal  may  be'found  to  con- 
sist of  minute  fibrillae  bound  together.  In  connection  with  the  sensitive 
nerves  we  find  the  terminal  in  connection  with  the  Pacinian  bodies  of  the 
skin  and  the  end  bulbs  of  the  conjunctiva  most  clearly  demonstrated. 
They  are  found  to  consist  of  an  ovoid  mass  encased  in  capsular  bodies 
which  represent  elongations  of  the  sheath  of  the  nerve  that  runs  into 
them  or  of  the  Henle  sheath.  Inside  there  is  found  a semi-fluid  intersti- 
tial substance  in  connection  with  which  the  terminal  nerve  fibre  ends 
either  by  elongation  into  the  terminal  bulbs  or  by  the  diffusion  of  the 
fibres  into  the  substance.  The  end  bulbs  of  the  conjunction  are  similar  to 
the  Pacinian  bodies  althoug'h  they  are  much  smaller  in  size  having  onlv  a 
single  encasing  capsule,  while  the  Pacinian  bodies  have  several  concentric 
capsules,  formed  out  of  the  lamellated  neural  sheath.  The  nerve  loses 
its  medulla  and  enters  the  bulb  as  an  axis  cylinder,  running  through  the 
bulb  and  turning  around  it,  then  disappearing  by  diffusion.  In  the  mus- 
cles the  striped  muscle  fibre  is  furnished  with  a single  nerve  process 
which  passes  through  the  sacolemma,  dividing  into  branches  which  come 
into  contact  with  the  interior  of  the  striated  fibre,  so  that  the  normal  stim- 
ulation is  carried  to  the  contractile  substance  at  different  points.  When 
the  nerve  fibre  reaches  the  point  where  it  is  attached  to  the  fibre  the  Henle 
sheath  comes  to  be  continuous  with  the  sarcolcmma;  it  also  loses  the  med- 
ullary part  so  that  inside  the  sarcolcmma  it  is  simply  an  axis  cylinder  di- 
viding up  and  branching  in  connection  with  the  light  colored  granular 
matter.  In  connection  with  the  nerves  we  find  accessory  elements  of  con- 
nective tissue,  blood  vessels  and  lymphatics.  The  nerve  fibres  are  bound 
together  primitively  in  connection  with  the  Henle  sheath  a membrane  of 
finely  granular  matter  with  granular  nuclei.  This  sheath  begins  where 
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the  fibres  leave  the  white  substance  of  the  nerve  centers  and  extends  to 
the  terminals  except  in  cennection  with  the  ganglia.  The  blood  vessels 
do  not  pierce  through  it  but  the  minute  capillaries  branch  in  its  sub- 
stance. Different  nerves  possess  different  proportions  of  fibrous  tissue, 
in  the  bony  cavities  being  very  little  while  in  connection  with  the  mus- 
cles the  nerves  have  large  quantities  of  this  tissue  surrounding  them  pro- 
jecting portions  being  sent  into  the  interior  of  the  fibres.  This  fibrous 
tissue  consists  chiefly  of  white  non-elastic  tissue,  with  elastic  fibres,  adi- 
pose tissue  and  a free  anastomosis  of  arteries  and  veins.  The  nerves  are 
not  very  freely  supplied  with  blood  vessels,  the  arterial  system  being 
found  in  connection  with  a large  number  of  delicate  capillaries  surround- 
ing the  bundles  of  fibres  without  passing  through  the  Henle  sheath.  The 
veins  are  more  numerous  and  follow  the  arteries.  In  connection  with  the 
connective  tissue  of  the  sheaths  there  are  found  lymphatic  spaces  which 
provide  for  free  lymph  circulation. 

Very  little  is  known  of  the  metabolism  of  nerve  tissue.  The  extrac- 
tives derived  from  nerve  tissue  such  as  xanthin,  kreatin,  lactic  acid,  are 
elements  of  decomposition.  We  do  not  know  whether  there  is  any  inter- 
change of  O and  CO2  during  nerve  activity,  although  there  is  undoubtedly 
an  interchange  of  some  kind,  as  by  compressing  the  blood  vessels  of  the 
nerves  the  nerve  loses  to  a certain  extent  its  irritability  which  is  re- 
stored when  the  circulation  is  restored.  In  the  central  nervous  system 
the  neural  metabolism  is  much  greater  than  in  the  nerves. 

The  Central  Nervous  System.— As  we  have  seen  there  are  two 
neural  systems  with  different  functions,  (1)  the  Cerebro-spinal  which 
regulates  and  controls  the  functions  of  the  animal  life;  and  (2)  the 
sympathetic  asssciated  with  the  internal  nutritive  functions.  The  cere- 
bro  spinal  is  much  greater  in  size  and  also  in  importance,  the  centers  of 
the  cerebro-spinal  system  forming  the  centers  for  the  sympathetic  action, 
so  that  the  sympathetic  is  subordinate  to  the  cerebro-spinal.  The  great 
centers  are  in  the  brain  and  spinal  cord  the  nerves  being  distributed  from 
these  to  the  muscles  and  the  cutaneous  surfaces  of  the  body,  to  the 
special  sense  organs,  the  beginning  and  ending  of  the  intestinal  canal. 
The  central  system  is  bi-lateral  in  structure  and  function,  consisting  of  a 
double  series  of  organic  structures  connected  closely  in  connection  with 
the  median  line  extending  over  the  brain  and  spinal  cord.  This  connec- 
tion is  established  by  means  of  transverse  commissures  which  cross  from 
side  to  side  and  form  paths  of  communication  as  well  as  channels  of 
harmonious  activity.  The  two  lateral  sides  of  the  brain  and  spinal  cord 
thus  furnish  to  the  two  sides  of  the  body  the  peripheral  nervous  system 
of  sensation  and  motion.  There  is  another  feature  of  this  part  of  the  sys- 
tem of  great  importance,  the  decussation  of  its  fibres.  The  fibres  cross 
oyer  the  median  line  obliquely  uniting  in  the  different  parts  on  the  two 
sides  and  as  this  crossing  takes  place  from  side  to  side  the  fibres  become 
woven  and  interwoven  at  the  points  of  crossing  at  the  median  line.  These 
decussations  become  characteristic  at  certain  points  as  in  the  case  of  the 
optic  nerves  at  the  base  of  the  brain  and  the  anterior  pyramids  in  the 
medulla.  This  decussation  may  beeither  perfector  imperfect  so  that  some 
fibres  instead  of  crossing  from  one  side  to  the  other  come  from  the  same 
side  on  which  they  leave  the  cord.  In  general  the  nerve  fibres  emanating 
from  the  left  side  originate  on  the  right  side  and  vice  versa.  In  the  spinal 
cord  we  find  a cylindrical  mass  of  nervous  tissue  reaching  from  the  point 
where  it  leaves  the  brain  to  its  termination.  It  is  imperfectly  divided 
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into  two  halves  by  the  anterior  and  posterior  median  fissures.  The  in- 
ternal part  of  the  cord  is  found  to  consist  of  gray  substance  in  the  form  of 
two  concave  masses,  the  concave  surface  extending  outwards.  These 
represent  prolonged  bands  of  gray  matter  on  each  side  of  the  cord  con- 
nected together  by  transverse  bands  of  gray  matter  called  the  gray  com- 
missure, in  the  central  part  of  which  is  the  central  canal  about  two-tenths 
of  a mm.  in  diameter.  The  anterior  and  posterior  parts  of  the  gray  mat- 
tei  on  each  side  of  the  cord  are  called  the  anterior  and  posterior  cornua. 
Directly  in  front  of  the  gray  matter  is  the  white  commissure.  Emerging 
from  the  cord  at  regular  intervals  are  the  symmetrical  pairs  of  spinal 
nerves  which  pass  to  the  peripheral  muscles  and  the  cutaneous  surfaces. 
In  the  lower  cervical  region  and  the  sacral  region  we  find  larger  spinal 
nerves  to  the  arms  and  legs  at  the  points  of  the  cervical  and  lumbar  en- 
largements. On  each  lateral  side  of  the  cord  we  find  a posterior  and  an- 
terior root,  the  former  arising  in  the  posterior  horn  of  gray  matter  and 
the  latter  opposite  the  anterior  horn  of  gray  matter..  On  each  lateral  side 
of  the  cord  the  white  substance  is  divided  into  three  columns,  the  anterior, 
lateral  and  posterior,  running  longitudinally. 

In  the  brain  we  find  the  continuation  upwards  of  the  cerebro-spinal 
mass  forming  the  encephalon  within  the  cranial  cavity.  It  consists  of 
various  portions  of  gray  matter  united  togetner  and  connected  with  the 
spinal  cord  by  transverse,  longitudinal  and  oblique  paths  of  nerve  fibres. 
In  the  human  subject  the  cerebrum  represents  the  most  perfect  develop- 
ment predominating  over  the  lower  parts  of  the  brain.  Looked  at  from 
above  the  cerebral  hemispheres  with  their  convolutions  alone  are  visible, 
covering  over  even  the  posterior  part  of  the  brain  with  the  exception  of 
the  cerebellum.  The  lower  parts  of  the  brain  which  lie  underand  behind 
the  cerebral  mantle  form  a series  of  connected  nerve  structures,  forming 
centers  with  associating  tracts  of  nerve  fibres.  On  the  entrance  of  the 
spinal  cord  into  the  cranial  cavity  it  is  enlarged  into  the  medulla,  the  grav 
matter  of  the  cord  falling  backward  and  developing  a continuous  posterior 
layer.  The  posterior  columns  of  white  substance  in  the  cord-separate  as 
they  leave  the  cord  forming  at  an  angle  with  each  other  the  fourth  ventri- 
cal, passing  onward  and  continuing  the  cerebellar  crura,  forming  the 
restiform  bodies  of  the  medulla.  Anteriorly  the  medulla  exhibits  two 
elevations  of  white  matter  one  on  each  side  of  the  median  line  called  the 
anterior  pyramids.  In  the  lower  parts  they  decussate  so  that  the  anterior 
pyramid  on  the  right  side  is  made  up  of  fibres  coming  from  the  left  side 
of  the  cord  and  the  anterior  pyramid  on  the  left  side  of  fibres  from  the 
right  side  of  the  cord.  Just  outside  of  the  pyramids  we  find  the  two  oval 
shaped  bodies  which  arc  made  up  internally  of  gra}^  matter  and  externally 
of  white  matter.  At  the  upper  extremity  of  the  medulla  is  the  ring-like 
tuberosity  at  the  base  of  the  brain,  passing  over  from  the  one  side  to  the 
other  being  found  transverse  fibres  in  connection  with  the  cerebellum. 
As  these  transverse  fibres  cross  they  form  the  pons  Varolii  and  latei'ally 
where  they  return  they  constitute  the  middle  cerebellar  peduncles.  In 
the  deeper  portions  of  this  tuberosity  are  found  longitudinal  white  sub- 
stance paths  that  make  their  way  from  the  medulla  to  the  cerebellum. 
Continuing  the  anterior  pyramids  anteriorly  and  the  other  medullary 
longitudinal  fibres  which  pass  through  the  tuberosity  are  bundles  of 
fibres  which  come  from  the  upper  extremity  as  the  two  crura  cerebri. 
Posteriorly  they  are  united  by  the  longitudinal  fibres  that  come  from  the 
cerebellum  forming  the  path  between  the  cerebellum  and  cerebrum,  the 
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peduncles  passing-  to  the  base  of  the  brain  and  uniting-  it  with  the  spinal 
cord.  The  gray  substance  around  the  canal  of  the  spinal  cord  expands 
into  a surface  layer  in  connection  with  the  floor  of  the  fourth  ventricle, 
passing-  around  the  Sylvian  aqueduct  along-  the  sides  of  the  third  ventri- 
cle to  their  terminal  in  the  infundibulum  or  mass  of  gray  matter  attached 
to  the  pituitary  g-land,  This  gray  substance  forms  the  basic  orig-in  of  all 
the  nerve  fibres  of  sensibility  and  voluntary  movements.  Close  to  the 
upper  extremity  we  find  larg-er  masses  of  gray  matter,  chiefly  the  cere- 
bellum, while  in  its  expansion  upward  it  forms  the  cerebrum,  constitu- 
ting the  basal  ganglia  and  the  cerebral  convolutions.  The  two  cerebral 
convolutions  are  united  by  a broad  white  commissure,  the  corpus  callosum, 
which  covers  over  the  lateral  ventricles  and  the  basal  ganglia.  The  two 
lateral  hemispheres  of  the  cerebellum  are  connected  tog-ether  by  the  pons 
Varolii. 

Continuing-  the  columns  of  the  cord  we  find  the  longitudinal  cerebro- 
spinal axis;  passing  through  the  ring-like  tuberosity  in  connection  with 
the  crura  cerebri  they  are  brought  into  connection  with  the  gray  matter 
at  the  basal  ganglia.  Passing  through  these  ganglia  they  form  the  in- 
ternal capsule  from  which  they  become  diffused  on  either  side  forming 
the  corona  radiata,  the  fibres  of  which  become  again  diffused  until  they 
terminate  in  the  gray  matter  of  the  cerebral  gyri.  These  fibres  are  not 
continuous  all  the  way  through  the  brain,  one  set  of  fibres  terminating  in 
the  gray  matter  of  one  region  another  set  originating  close  to  these  and 
passing  to  another  region  of  the  brain.  In  this  way  impulses  passing 
along  these  longitudinal  tracts  are  intercepted  by  gray  matter,  changes 
taking  place  in  the  nerve  cells  before  transmission  to  the  longitudinal 
tracts.  In  connection  with  the  sensory  and  motor  impulses  there  are 
three  longitudinal  tracts,  represented  by  (1)  the  nerve  fibres  between  the 
periphery  and  the  gray  matter  of  the  cord;  (2)  the  columns  of  the  spinal 
cord  and  the  peduncles  of  the  cerebrum  uniting  the  gray  matter  of  the 
cord  and  the  basal  ganglia;  (3)  the  diverging  fibres  of  the  corona  radiata 
uniting  the  basal  gangliawiththecerebralconvolutions.  In  connection  with 
the  passage  of  impulses  along  these  tracts  there  are  at  least  three  ner- 
vous masses  of  gray  substance,  (1)  the  cerebral  convolutions,  (2)  the  cere- 
bral ganglia,  and  (3)  the  gray  matter  of  the  cord,  representing  three  suc- 
cessive centers  both  inward  and  outward  for  the  transmission  of  im- 
pulses. In  connection  with  these  centers  the  modification  of  impulses 
may  take  place.  Also  in  connection  with  these  successive  centers  trans- 
formation of  sensory  into  motor  impulses  may  take  place,  so  that  reflex  action 
may  take  place  at  these  three  successive  points  in  the  nervous  system.  In 
this  way  we  can  distinguish  three  grades  of  reflex  action,  (1)  those  taking 
place  through  the  gray  matter  in  the  cord  without  calling  in  the  aid  of  the 
higher  centers  and  therefore  without  consciousness;  (2)  the  reflex  may 
take  place  in  connection  with  the  cerebral  basal  ganglia  and  (3)  in  connec- 
tion with  the  cerebral  hemispheres,  so  that  the  sensory  and  motor  im- 
pulses will  travel  along  the  entire  nerve  route  both  inward  and  outward. 
Thu  s we  arc  able  to  trace  the  passage  of  impulses  along  the  entire  course 
of  the  central  ner\  ous  system  to  the  cerebral  hemispheres,  so  that  impulses 
become  conscioussensations  and  are  transformed  into  voluntary  ideas  which 
when  sent  out  alo.ig  the  motor  paths  become  translated  into  voluntary  ac- 
tivities. 
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as  to  form  a series  of  thermo-electric  connections.  By  producing  a dif- 
fei  cnce  of  tempeiatui  e at  two  of  these  connections  there  is  developed  a 
difference  of  potential  which  produces  an  electric- current  that  can  be 
measured  in  connection  with  the  galvanometer.  The  most  common  met- 
als used  ai  e bismuth  and  antimony.  As  the  chemical  chang-es  in  connec- 
tion with  the  muscle  become  greater  the  amount  of  energy3  liberated  in- 
creases. Similarly  an  increase  of  tension  produces  an  increase  of  heat 
production  and  as  the  muscle  contracts  there  is  an  increase  of  tempera- 
ture. By  putting-  the  thermometer  into  the  muscle  it  is  found  that  there 
is  a rise  in  temperature  when  the  muscle  becomes  active,  particularly  if 
the  activity  is  prolong-ed.  By  the  use  of  the  thermopile  the  slightest 
chang-es  of  temperature  produced  by  a few  sing-le  contractions  and  even 
by  a single  contraction  can  be  estimated.  Another  method  used  is  in  con- 
nection with  the  bolometer  in  which  the  resistance  is  measured  in  connec- 
tion with  a fine  wire  put  into  the  tissues.  In  the  case  of  a frog’s  muscle 
it  is  calculated  that  the  heat  given  off  from  the  muscles  of  the°thigh  at  a 
single  contraction  amounts  to  three  milligrams  of  water  at  one  decree  C. 
This  however  is  only  an  approximation  to  the  amount  of  heat  given  off  in 
connection  with  contraction.  This  heat  liberation  arises  in  connection 
with  the  chemical  changes  taking  place  in  the  muscle,  these  changes  being 
mostly  oxidation  changes  such  as  we  have  found  in  connection  with  mus- 
cle metabolism.  There  is  no  direct  relation  between  the  amount  of  ma- 
terials used  up  by  the  muscle  and  the  amount  of  heat  produced  as  is  the 
case  in  the  steam  engine  so  that  the  analogy  is  not  complete.  There  is 
in  the  living  muscle  always  the  element  of  living  substance  which  re- 
quires to  be  taken  account  of  as  part  of  the  living  material  is  exhausted 
in  the  process  of  chemical  change.  What  change  takes  place  in  contrac- 
traction  is  not  known,  whether  it  is  the  substance  within  the  the  fibre 
that  yields  rather  than  the  fibre  itself  to  the  chemical  changes.  In  the 
former  case  if  the  substance  is  composed  of  C and  H then  the  chemical 
change  will  not  involve  any  N waste,  the  results  of  the  changes  being  found 
in  the  contraction  and  the  waste  assuming  the  form  of  COiand  lactic  acid. 

If  this  view  is  correct  then  the  muscle  fibre  itself  does  not  pass  through 
any  change  in  connection  with  heat  production  but  simply  forms  the  fibre 
substance. 


J/us~y (HvOoAA)  ;j 

VirWO  ''  OtotiAhu  A ^ \r-Kf- 


f"'' 


. fjj  A J.  y(/\A_ 


PHENOMENA  OK  MUSCLE  AND  NERVE. 


528 


The  ratio  of  work  to  heat  varies  considerably  in  the  muscles  depend- 
ing- on  the  muscle  condition  and  the  circumstances  in  which  the  muscle 
is  found  at  the  particular  time,  the  variation  being-  from  about  one-fifth  to 
one-twentv  fifth  that  assumes  the  form  of  work,  the  balance  being-  expend- 
ed as  heat.  In  this  variation  we  find  the  self-controlling-  power  of  the 
muscle  so  that  even  when  the  resistance  is  increased  the  amount  of  ener- 
gy developed  is  also  increased  within  the  limits  imposed  by  the  body 
mechanism.  The  emission  of  heat  from  the  muscle  does  not  take  place 
only  when  the  muscle  is  contracting-,  the  muscle  being-  eng-ag-ed  in  this 
heat  generating  process  even  in  rest,  so  that  the  heat  production  during 
contraction  is  simply  the  enlargement  of  the  function  normally  perform* 
ed  by  muscle  continuously.  Heidenhain  has  found  by  the  use  of  a deli- 
cate thermopile  in  the  case  of  a single  contraction  in  a frog’s  muscle  a 
variation  of  .001  to  .005  which  would  represent  a production  of  1-1, 000th  to 
5-1, 000th  of  a calorie  per  gram  of  muscle.  According  to  Kick  this  is  modi- 
fied to  the  extent  that  the  maximal  production  is  3-l,000ths  of  a Ca.  to  the 
gram  of  muscle.  When  work  is, done  by  a muscle  there  is  an  amount  of 
energy  deducted  from  its  total  capacity  but  this  does  not  mean  that  as 
the  muscle  increases  in  activity  the  heat  production  is  diminished,  because 
within  definite  limits  the  heat  production  is  increased.  As  soon  as  a 
muscle  is  stretched  there  is  an  increase  of  metabolism  and  associated 
with  this  is  an  increased  heat  production.  If  the  muscle  is  tense  when 
contraction  takes  place  then  there  is  an  increase  of  heat  production  arid 
the  heat  is  increased  if  the  muscle  is  so  stretched  that  it  can  not  contract 
when  the  stimulus  is  applied  to  the  muscle.  Greater  heat  production 
takes  place  when  the  muscle  is  contracted  under  isometric  than  .under 
isotonic  conditions.  If  a muscle  is  stimulated  to  its  maximum  of  contrac- 
tion and  is  made  to  do  work  with  increasing. weight  then  there  is  an  in- 
ctease  in  the  amount  of  work  done  and  in  the  heat  production  until  a point 
is  icached  when  exhaustion  takes  place.  In  the  case  of  a muscle  artificial- 
ly c°oled  or  poisoned  with  veratrin  the  change  takes  place  largelv  duriim- 
relaxation.  As  we  saw  the  relaxation  of  the  muscle  does  not  simply  rep- 
resent a passive  recoil  but  implies  physiological  activity  and  as  a result 
there  is  a heat  production  during  the  relaxation  as  well  as  during  the  con- 
ti  action.  By  permitting  a muscle  to  contract  without  doing  anv  work 
and  loading  it  at  the  lop  of  the  contraction  so  that  the  load  rests  on  it 
only  during  relaxation  there  is  an  increased  heat  production  and  as  the 
weight  increases  in  size  the  heat  production  also  increases.  Kick,  took  a 
muscle  permitting  it  to  raise  a weight  and  (1)  he  allowed  the  weight 
to  remain  during  relaxation;  (2).  he  allowed  the  muscle  to  relax  with- 


out the  weight.  He  found  in  the  former 


case  that  greater  heat  was 


produced  than  in  the  latter  case  and  concluded  that  if  a muscle  is  work- 
ing an  amount  of  energy  is  deducted  from  that  which  would  without  the 
work  appear  in  the  heat.  But  the  fact  that  during  relaxation  the  muscle 
was  loaded  made  a difference  the  load  producing  an  increased  heat  pro- 
(luctio.-i.  In  connection  with  the  cardiac  muscle  there  is  heat. evolution  as 
tyi.  eart  accord‘n f tf>  Marey  is  warmer  during  e/ery  systole.  In  an 
<>id inary  muscle  if  the  muscle  bears  a weight  that  produces  extension 
re.st,  ere  ,s  ,i(>  transference  of  work  beyond  the  muscle,  and  all 
ie  chemical  change  transfers  the  energy  into  heat.  Here  the  heat  pro- 
auct.ou  corresponds  with  the. amount  of  work  done  until  the  maximum  is 
leached.  If  when  the  muscle  contraction  has  reached  its  highest  point 
ttie  weight  is  taken  off  then  there  is  work  done  by  the  muscle  outside  the 
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muscle  and  the  heat  production  is  lessened.  According  to  Heidenhain 
where  the  muscle  performs  its  work  in  connection  with  a number  of 
smaller  contractions  as  compared  with  a fewer  number  of  larger  contrac- 
tions, then  in  the  former  case  the  amount  of  heat  produced  is  smaller 
than  in  the  latter  case.  This  is  due  to  the  increased  metabolism  in  the 
case  of  the  larger  contractions.  This  is  practically  illustrated  in  ascend- 
ing- a gradually  sloping-  as  compared  with  a steep  hill;  in  the  former  case 
the  exhaustion  is  less  rapid  than  in  the  latter. 

In  the  case  of  a muscle  if  it  contracts  continuously  and  at  the  same 
time  performs  work  there  is  a greater  heat  production  than  when  the 
muscle  is  in  tetanus.  In  the  tetanic  condition  there  is  an  opposition  of 
muscles  with  hig-h  temperatures.  It  has  been  found  that  if  dog-s  are  kept 
in  a tetanic  condition  by  stimulating-  them  electrically  then  death  results 
from  the  increase  of  temperature  to  a point  beyond  which  life  is  impos- 
sible. As  the  increase  in  heat  production  advances  the  muscles  become 
fatig-ued  and  this  over-fatig-ued  condition  makes  the  animal  less  capable  of 
resisting-  the  degenerative  changes.  If  there  is  a free  blood  supply  then 
the  heat  production  is  more  active  and  recovery  is  more  rapid  if  ttierefis' 
a free  blood  circulation.  It  is  found  therefore  all  other  things  being  equal 
that  in  the  contraction  of  a stretched  muscle  more  heat  is  evolved  than 
in  the  case  of  an  unstretched  muscle;  and  when  a muscle  contracts  with- 
out doing  any  mechanical  work  more  heat  is  evolved  than  in  the  case  of  a 
muscle  contracting  and  at  the  same  time  doing  work.  These  points  are 
very  important  indicating  that  the  muscle  is  not  simply  an  engine  to  do  a 
certain  amount  of  work  but  that  the  development  of  energy  is  dependent 
upon  the  conditions  and  relations  of  the  muscles.  In  the  case  of  a mus- 
cle in  relation  to  the  opposing  muscles  and  in  its  own  muscular  relations 
it  is  found  that  a greater  amount  of  work  can  be  done.  We  have  here  also 
the  principle  of  the  conservation  of  force  so  that  if  all  the  energy  liberat- 
ed takes  the  form  of  heat  then  there  is  a greater  amount  of  heat  than  if 
part  of  the  energy  is  devoted  to  mechanical  work.  Hence  the  greatest 
amount  of  direct  heat  production  takes  place  in  the  tetanization  of  the 
muscle  when  no  work  can  be  done.  In  connection  with  this  it  is  not  to  be 
taken  for  granted  that  when  a muscle  is  doing  a greater  amount  of  work, 
for  example,  in  lifting-  a weight  under  tensk>n,  that  the  mechanical  work 
is  done  at  the  expense  of  heat  energy  foirth ere  is  an  increase  of  hoth  heat 
energy  and  work  energy.  Even  when  the  iquscles  are  in  a condition  of 
rest  the  muscle  heat  is  greater  than  that  of  the  arterial  blood  so.that  when 
contraction  takes  place  there  is  a still  further  increase  of  heat.  Chauveau 
observed  the  heat  conditions  in  the  levator  labii  superioris  in  the  horse 
finding  that  during  voluntary  contraction  there  was  the  liberation  of  3<>0 
milicalories  per  gram  per  minute.  In  connection  with  the  normal  use  of 
the  muscles  there  is  found  an  increase  of  temperature  although  this  is 
not  due  solely  to  the  muscle  contraction,  it  is  partly  if  not  largely  due  to 
the  plentiful' blood  supply  circulating  in  connection  with  the  muscles  in 
activity.  The  thermal  phenomena  of  muscles  may  be  summarized,  (a)  in 
muscle  contraction  there  is  a heat  generation;  '(BT  wjiere  the  tfi u sole  con- 
traction is  interrupted  there  is  a greater  heat  production  than  where'  tlie 
contraction  is  steady;  (c)  a muscle  working  produces  less  heat  than  a 
muscle  doing  no  mechanical  work;  (dTas  the  tension  increases  in  connec- 
tion with  the  muscle  the  heat  evolution  also  increases;  (el  the  fatigued 
condition  of  the  muscle  produces  a decrease  in  the  heat  producing  power. 

Chemical  Phenomena  of  Muscle  in  Activity  and  in  Rigor. — In 
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muscle  we  find  about  75  percent  of  water  and  about  25  percent  of  solid 
matter,  of  which  about  21  percent  is  proteid  and  4 fats,  extractives  and 
salts.  It  is  very  difficult  to  determine  the  chemistry  of  living-  muscle 
because  of  the  instability  of  the  chemical  combinations  which  lie  at  the 
basis  of  changes  taking  place  in  the  muscle.  In  the  attempt  to  analyze 
the  chemical  conditions  such  alterations  take  place  as  produce  an  ab- 
normal or  death  condition.  The  chemical  champs  that  take  place  during 
contraction  are  not  settled  among-  physiologists,  but  the  following-  are 
accepted;  (a)  the  amount  of  O used  by  them  uscle  isincreased7U>)  tfieamoun.t 
of  CO2  is  more  than  proportionally  increased;  (c)  the  amount  of  N waste 
is  not  increased;  (d)  the  muscle  becomes  acid  in  reaction,  sarcolactic  acid 
being  found:  (e)  Gaseous  extractives  are  diminished  while  alcohol  extrac- 
ives  are  increased.  One  explanation  of  this  js,  that  the  muscle  contains 
certain  carbonaceous  matters  which  when  the  muscle  is  acting  acts  as  a~ 
l'u  —1  * being  oxidized  by  theOTh  the  blood,  the  results  being  movements' 
4Hd JjgaJL-  It  is  not  the  albuminoid  matter  of  the  muscle  substance  that  is 
used  up  but  the  carbonaceous  material  found  in  the  muscle  hence  while 
there  is  no  increase  in  nitrogenous  waste  there  is  an  increase  in  carbona- 
ceous waste.  One  of  the  products  of  this  chemical  change  is  the  sarco- 
lactic acid  formed  from  the  carbonaceous  materials  lodged  in  the  muscle. 
It  is  a question  whether  this  explanation  is  sufficient  to  account  for  the 
changes  that  take  place.  It  may  be  noted  that  the  increased  production 
of  CO2  is  not  accounted  for  by  the  oxidation  of  carbonaceous  materials  by 
the  O of  the  blood,  for  although  it  is  true  that  more  O is  used  by  the  mus- 
cles when  working,  it  is  also  true  that  the  increased  proportion  of  COt  is 
much  greater  than  can  be  accounted  for  by  the  increased  consumption  of 
O.  In  addition  to  this  a living  muscle  placed  in  an  atmosphere  free  from 
P will  continue  to  produce  CO2  as  long  as  it  is  living.  As  muscle  itself 
contains  no  free  O and  the  surrounding  atmosphere  is  destitute  of  this  gas 
it  is  cleai  that  C02  cannot  be  the  result  of  the  direct  oxidation  of  carbona- 
ceous matter  present  in  the  muscle,  but  must  be  a result  of  the  splitting-  up 
of  some  bodies  which  contain  C02.  It  may  also  be  said  that  whether°the 
acid  reaction  of  the  muscle  that  has  been  actively  working  is  due  to  sarco- 
lactic acid  or  not,  it  is  certainly  not  due  to  the  C02,  for  the  red  dye  on  the 
blue  litmus  which  it  produces  is  permanent.  One  result  of  this  chemical 
activity  is  the  increased  production  of  heat.  This  is  shown  by  the  fact 
that  blood  flowing  from  a contracted  muscle  is  warmer  than  that  from  a 
resting  muscle.  The  same  fact  can  be  proven  by  putting  the  bulb  of  the 
thermometer  into  a muscle  and  causing-  contraction  when  the  mercury 
will  be  seen  to  rise.  Like  all  other  living  corpuscles  muscle  is  at  ail 
times  the  seat  of  chemical  changes  and  it  is  thus  constantly  tli.e  "source  of 

Vfat  u c^em'CH^  changes  duriug  the  contraction  are  more  active 

then  the  amonnt  of  heat  elaborated  during  that  time  is  increased.  The 
le^^roduced  by  any  contraction  is  in  inverse  proportion  to  the  amount 
°f  work  cltme  by  the' contraction. 

„ P difficult  to  distinguish  chemically  between  dead  and  living  tissue 
I h e 1 mng_m u sek  differs  from  the  dead  muscle  in  this  fact  at  least  that 
the  lot  merQs  soft  and  elastic  whilo  thr>  lattm- (L  hard  and  cloggy.  This 
dilrercncc  rests  on  a difference  in  the  relation  of  solids  and  liquids,  the 
bving  muscle  consisting  of  the  muscle  plasma  and  the  sarcous  elements 
whereas  in  the  dead  muscle  the  plasma  has  become  coagulated.  So  far 
as  known  to  us  there  are  two  main  differences  between  living  muscle  in  a 
lusting  and  in  an  active  condition.  Living  muscle  when  resting  is  either 
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neutral  or • sHghtlj  alkaline  in  reaction,  while  in  activity  it  is  slirrhtiv  - ••  i 
thjs^cidjty  arising  tn.m  the  presence  of  sarcolactic  acid.  Hence  th^’ 
mt\  ot  muscle  involves  to  a certain  extent  the  same  conditions  as 
death  and  it  is  claimed  that  the  analogy  is  even  more  oml n 
when  the  muscle  becomes  more  fatigued  and  the  rplav  + * • ’ * lal 

it  is  claimed  that  there  is  a semi-coagulation  of  the  muscle°plasma°  °lCk 

ain<1  relaxation  Periods  in  the  case  of  a m.u,] 
>tP  1}£2Sa(1)  the  production  of  lactic  acid  and  myosin  during  conTrt 

<* C-°*  apd  the  dissolution  of 

UJaialBa).  It  is  difficult  to  prove  this  because  we  cannot  tcf[  uffiat  takes 
place  without  the  death  of  the  muscle.  It  is  certain  that  accomoanviiS 

ffictSth^aro  / ,S  ‘ 7 produc,tion  of  CO,  Ijjhejfas 

iect  ^ CQa  ^-m  the  muscles  111  the  actiye^md  resting  conditions  it  is 

found  that  if  the  muscle  has'Teen  resting  previous  to  rigidity  th/.rf.  ; 

a greater  amount  of  C02‘ than  in  th~e”case  of  an  active  musefe.  it  is  claim- 
ed that  more  glycogen  is  found  in  a resting  muscle  and  a larger  am oint 
of  sugar  ip  the  tetan.zed  mjiacl^  Helmholtz  claims  that  previously  re- 
mg  muscle  yields  a larger  amount  of  water  extractives  and  a smaller 
amount  of  alcohol  extractives.  In  an  active  muscle  the  CO?  is  not  produc- 
el  dnectly  by  oxidation  but  arises  m the  process  of  splitting  up  sub- 
stances which  have  been  combined  in  connection  with  O.  In  addition  it 
is  found,  that  there  is  no  proportionate  relation  between  the  CO,  and  the 
O when  m artihcial  circulation  contraction  takes  place. 

fi  1 esh  muscle  causes  the  red  litmus  to  become  blue  and  the  blue  to 
become  red,  this  chemical  change  arising  iu  connection  with  the  pbos- 
p tates.  I he  sarcolactic  acid  produced  in  an  active  muscle  is  neutralized  in 
connection  with  the  sodium  carbonate  and  the  di-sodium  phosphate. 
Iheie  is  a definite  diminution  of  glycogen  during  activity,  while  it  ac- 
cumulates during  rest.  The  sarcolactic  acid  it  is  claimed  bv  some  is 
foi  med  in  connection  with  the  carbohydrates  especially  in  connection  with 
the  glycogen.  In  the  ngor-mortis  conditions  sarcolactic  acid  is  produced 
just  as  during  contraction  and  according  to  Ranke  there  is  a maximal 
acidity  that  is  developed  in  connection  with  the  muscle  either  in  rigor  or 
in  contraction  but  this  cannot  be  due  to  glycogen  in  the  rigor  condition 
because  theie  is  no  glycogen  increase.  Hence  it  is  suggested  bv  others 
that  sarcolactic  acid  is  developed  in  connection  with  the  p rote  id  under 
fei  mentive  action.  I he  muscle  activity  in  contraction  therefore  is  only* 
pai  tially  due  to  glycogen.  It  is  found  in  the  normal  heart  that  out  of  60 
giams  of  solid  mattei  only  about  one  and  one  half  grams  represent  glyco- 
gen. During  a day  there  is  produced  about  300,000  Ca  of  heat  which 
would  require  70  grams  of  glycogen.  Hence  the  accumulation  of  glycogen 
can  not  account  foi  the  muscular  activity  of  the  heart.  Among  the  other 
cai  bohydi  ates  the  dextrose  found  in  the  blood  must  be  regarded  as  an 
important  element.  It  is  estimated  that  150  grams  of  dextrose  pass 
thiough  the  coionaiy  circulation  daily  and  of  this  amount  one  half  would 
be  sufficient  to  pioduce  all  the  cardiac  heat.  An  estimate  of  proteid  for 
the  heart  production  of  heat  is  70  grams  and  of  fat  30  grams.  Hence  it  is 
claimed  that  to  sustain  the  contraction  force  of  the  heart  normally’  re- 
quires about  one  half  its  weight  of  solid  food  daily.  Hence  in  the  genera- 
tion of  energy  it  is  supposed  that  the  adaptability*  of  the  different  muscles 
of  the  body  renders  it  possible  that  energy  may  be  taken  from  the  proteid, 
carbohydrate  and  fat  according*  to  the  necessities  of  the  system  sons  to 
provide  for  those  chemical  properties  that  are  essential  to  muscle  con- 
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traction. 

Rigor  Mortis. — In  the  dehth  of  muscle  it  undergoes  an  important 
chemical  change.  All  muscles,  shortly  after  being  taken  from  the  body 
and  in  even  while  still  in  the  body,  soon  pass  after  the  death  of  the  body 
into  a condition  in  which  irritability  is  lost,  the  loss  of  irritability  which 
takes  place  gradually  being  followed  by  rigor  mortis.  This  indicates  the 
muscle  death  and  may  be  said  to  be  associated  with  these  charactiristics; 

' 1 * muscle  when  living  is  more  or  less  translucent  while  the  muscle  when 
rigid  becomes  opaque;  (2)  Muscle  when  living  possesses  the  properties  of 
extensibilitv  and  elasticity,  indicated  by  the  fact  that  it  is  easily  stretch- 
ed by'a  weight  or  by  tension,  and  when  the  weight  or  tension  is  removed 
the  muscle  i etui  ns  to  its  normal  length.  The  extent  of  this  elasticity 
depends  upon  the  muscle  condition  so  that  an  active  muscle  properly 
nourished  returns  more  readily  and  rapidly  to  its  normal  length  when  ex- 
tended than  a fatigued  muscle.  In  the  case  of  the  dead  muscle  extensi- 
^il^-la-laaLlo  a considerable  extent  and  elasticity  is  greatly  diminished 
so  that  it  requires  a great  force  to  stretch  the  muscle;  and  on  removal  of 
the  weight  or  tension  the  dead  muscle  does  not  resume  its  normal  posi- 
tion. (3)  In  the  case  of  the  living  muscle  it  is  more  or  less  soft  and  difflu- 
ent, while  in  the  case  of  the  rigid  muscle  it  is  found  to  be  more  solid  and 


. ^ *!■>  ‘ ‘ * >-  *•'>  H'U  HU  IU  ue  II 

resistant  (4)  Associated  with  the  approach  of  the  rigor  mortis  is  a 
shoi  toning  of  the  musclt?  which  may  be  more  or  less  according  to  circum- 
-Stances.  This  shortening  does  not  indicate  the  generation  of  energy 
because- a very  slight  force  will  prevent  the  contraction  of  the  muscle  as  it 
enters  into  the  rigid  condition.  Muscle  completely  deprived  of  nourish- 
ment either  by  ligature  of  the  blood  vessels*  by  removal  from  the  body  or 
by  cessation  of  the  circulation  which  occurs  in  the  case  of  general  death 
passes  alter  an  interval  into  the  condition  of  cadaveric  rigidity.  The 
length  of  time  which  elapses  between  the  stoppage  of  the  blood  supply 
and  the  beginning  of  rigor  mortis  is  much  longer  in  the  cold  than  in  the 
warm  blooded  animals.  In  the  latter  also  the  time  of  the  appearance  of 
the  l lgidity  is  influenced  by  the  circumstances  under  which  death  occurs. 
OAen  in  diseases  which  have  gradually  exhausted  the  strength  rigor- 
moi  tis  soon  comes  on,  while  in  the  cases  where  death  has  come  suddenly 
upon  a system  full  of  vigor  its  appearance  is  delayed.  During  the  inter- 
yarbetorejhe  coming  on  of  the  rigor  the  muscles  retain  their  irritability. 

ny\  ,n  e still  alive  and  will  contract  when  stimulated.  Irritability  o-rad- 
uuUy  lessens  and  it  completely  disappears  as  the  muscle^o,hewhat°siid- 
(lenlv  entei  s into  a rigid,  opaque,  unelastic  condition.  At  the  same  time 

H'h  "Y1-  f-  aci<1.  in.  reaction  and  a quantity  of  CCh  is  given  oil. 

■.  ,C  c!111  atlon__ot  cadaveric  rigidity  varies;  in  cases  where  it  soon  appears 
»L-U£1<Hk .ilfflapjears;  while  it  remains  longer  and  is  more  marked  when 
s,,M1U‘j  l'-inr  1:is  c laI)S(-'d  before  its  development.  As  it  passes  off  the  mus- 
cles become  soft  and  diffluent,  a result  of  putrefaction.  There  is  of 

vkal Property' ^ ^ ' r ritabil  lty , lor  the  muscle  is  dead  and  irritability  is  a 

| he  exact  nature  of  rigor  mortis • is  not  definitely  understood.  It 
y-n?t  a vltaLax;tlon  of  the  muscles  as  it  does  not  appear  until  the 
Ule  mUscul5r  substance  or  myosin  becomes  coami- 
Utcd  and  this  follows  live  cessation  of  the  blood  supply.  In  the  Finnan 
. ubp_tjjgau  mortis  successively  appears  in  the  muscles  of  the  jaws 
ord  ; PlTha  1 I'wer  Inn  bs  and  it  disappears  from  the  parts  in  the  same 
in  length  of  the  interval  between  general  death  and  rigor  mor- 
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tis  varies  from  a few  minutes  to  several  hours  or  several  days  The  en 
^re_^disappearance|  of  ^irritability  rninrides  with  thrummolete 


rig-id  at  53  decrees  C. 


: 40  degrees 

This  rig-idity  differs  from 


, . . . . ° o — w -l  uir>  i iii  iui  i v (1 1 it  crs  imr 

-f  r mortis  as  it  is  due  to  the  coagulatiou  of  other  proteids  besides  mvo 
sin  produced  by  heat.  Muscular  rigidity  may  also  be  produced  bv  the 
injection  into  the  vessels  of  a two  percent  solution  of  HC1  or  lactic' acid 
Ihis  rigidity  will  yield  to  the  injection  of  a fifteen  percent  solution  of 
Ammonium  Chloride.  1 h^jugD^mortis  is  undoubtedly  the  result  of 
chemical  changes  in  connectionwItE'Tlie  muscle,  the  result  of  whichTT 

Tat  the  muscle  permanently-  loses  its  vital  pFoFerlii^. 

dead  muscle  and  TeS^mgTrmnTrall  tEe  fatty,  tiSdinous  and'connec- 
tive  tissue  and  placing  it  in  such  a position  that  all  the  blood  can  be  re- 
moved from  it  by  the  use  of  some  saline  solution;  if  it  is  then  cut  into 
pieces  and  washed  with  water  there  will  be  found  in  connection  with  these 
washings  albuminous  and  extractive  substances.  After  this  washing  has 
been  continued  until  there  is  no  proteid  reaction  a large  part  of  the  muscle 
will  still  remain.  By  placing  this  in  a ten  percent  solution  of  some  neutral 
salt,  like  ammonium  chloride,  there  will  take  place  a dissolution  of  the 
muscie  substance.  By  allowing  the  more  solid  part  to  fall  to  the  bottom 
and  collecting  it  and  placing  it  in  pure  water  there  will  be  found  a pre- 
cipitate of  white  matter  which  is  called  myosin.  This  myosin  represents 
a pioteid  substance  yielding  to  the  ordinary  proteid  reaction.  It  is  found 
to  be  soluble  in  saline  solutions  and  is  usually  classed  among  the  globu- 
lins  although  it  is  not  so  soluble  as  the  paraglobulin  in  saline  solutions. 
Vhen  it  has  been  dissolved  in  connection  with  a neutral  saline  solution, 
pi  ecipitation  may  take  place  in  connection  writh  NaCl  and  it  may  be  puri- 
fied by  the  use  of  a saturated  solution.  When  it  is  dissolved  in  a saline 
solution  it  may  be  freely  coagulated  by  means  of  heat,  coagulation  tak- 
mg  place  at  about  56  degrees  C.  In  this  respect  it  differs  from  parao-lo- 


bulin  and  serum  albumin  which  are  coagulated  only  at  75  degrees.  It 


is 


analogous  to  fibrinogen  which  will  coagulate  at  a temperature  of  56  de- 
grees. Any  of  the  globulin  family  in  connection  with  the  dilute  acids 
may  be  transformed  into  acid  albumins  and  become  indissoluble  in  water 
and  in  the  dilute  saline  solutions,  and  only  soluble  in  connection  with  diluted 
acids  and  alkalies.  By  dissolving  one  of  the  globulins  in  diluted  acid  there 
is  a chemical  change  taking  place  so  that  an  acid  albumin  is  formed.  The 
same  thing  takes  place  when  a globulin  is  dissolved  in  a diluted  alkali,  the 
result  being  the  formation  of  an  alkali  albumin.  Myosin  can  be  very 
readily  transformed  into  acid  albumin  so  that  by  using  diluted  HC1  the 
myosin  may  be  transformed  in  muscle  into  acid  albumin  form  and  thus 
dissolved  out  of  the  muscle.  This  acid  albuinin  which  is  thus  formed  has 
been  called  syntonin-  which  is  regarded  as  one  of  the  necessary  consti- 
tuents of  all  muscle.  It  has  been  found  however  that  the  muscle  contains 
myosin  rather  that  syntonin,  so  that  the  syntonin  simply  represents  the 
acid  albumin  resulting  from  the  treatment  of  myosin  with  dilute  acid.  It 
seems  from  this  that  myosin  is  very  similar  to  fibrin  although  the  fibrin 
is  much  less  soluble,  the  myosin  forming  a substance  intermediate  be- 
tween the  fibrin  and  the  globulin. 

In  the  case  of  a muscle  washed  out  with  a saline  solution  if  it  is  then 
washed  out  >with  a solution  of  HC1  acid  other  proteids  may  be 
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fount!  in  connection  with  the  muscle,  for  example,  gelatin  and  other  sub- 
stances found  in  connection  with  connective  tissue,  nuclei,  etc.  If  the 
living-  muscle  is  subjected  to  a very  low  temperature  and  then  thawed  the 
irritability  will  be  restored  indicating-  that  the  muscle  has  not  passed  into 
the  rig-id  condition.  If, Jiving-  muscle  in  its  contractile  condition  from 
which  the  blood  has  been  washed  out  is  subjected  to  a temperature  below 
freezing-  point  and  while  in  this  frozen  condition  is  cut  up  and  pounded  in 
con rtp c ttorTw i t h snow  and  a one  percent  solution  of  NaCl  there  is  obtained 
a solution  which  is  found  to  be  slightly  opalescent,  called  the  muscle 
plasma.  It  is  found  to  be  at  first  in  a liquid  condition  but  will  soon  pass 
into  the  gelatinous  condition  and  then  become  coagulated,  separating  into 
a .clot  and  a serum.  This  clot  is  analogous  to  the  blood  clot  but  unlike  the 
blood  clot  it  is  loose  and  non-fibrillar.  As  the  fluid  coagulates  a change 
will  take  place  from  an  alkaline  and  a slightly  neutral  reaction  to  an  acid 
reaction.  The  more  solid  part  of  the  clot  represents  myosin  responding 
to  all  the  myosin  reactions.  The  serum  is  found  to  contain  albumin, 
some  think  serum-albumin,  certainly  not  paraglobulin  because  it  does  not 
coagulate  at  the  same  temperature.  To  distinguish  it  from  the  other  glob- 
ulins it  has  been  called  myoglobulin.  In  addition  to  these  the  red  muscle 
contains  haemoglobin  and  other  coloring  matter.  It  is  generally  suppos- 
ed that  myosin  arises  from  the  transformation  of  myosinogen  the  trans- 
formation taking  place  in  connection  with  a ferment,  just  as  fibrin  is 
formed  from  fibrinogen.  From  what  has  been  said  it  can  be  seen  that' 
rigor-mortis  represents  a coagulation  of  the  muscle  plasma  differing  onlv 
from  the  coagulation  of  blood  in  the  fact  that  it  is  myosin  and  not  fibrin 
that  we  find  associated  with  coagulation.  The  rigid  condition  as  well  as 
the  firmness  of  the  muscle  seems  to  be  associated  with  the  change  from 
the  liquid  to  the  solid  form.  As  soon  as  the  plasma  passes  into  the  gela- 
tinous stage  the  rigor-mortis  condition  begins  to  come  on,  followed  bv  the 
condition  of  stiffening. 

One  important  point  of  difference  is  noticed  between  the  coagulation 
of  muscle  and  that  of  the  blood.  As  the  blood  coagulates  the  reaction 
change  is  only  slight,  whereas  in  the  case  of  muscle  becoming  rigid  the 
muscle  is  distinctly  acid.  During  rest  a living  muscle  is  neutral  or  slight- 
ly alkaline,  the  latter  condition  existing  in  connection  with  the  presence 
of  the  lymph.  This  acid  reaction  exists  throughout  the  entire  rigid  mus- 
cle solid  as  well  as  liquid  and  is  said  to  be  associated  with  the  myosin. 

\ he  cause  of  this  acidity  is  not  known.  The  change  produced  in  connec- 
tion with  the  litmus  paper  is  permanent  in  connection  with  the  acid  mus- 
cle; it  is  not  the  carbonic  acid  which  produces  the  acid  reaction  because 
COi  in  connection  with  litmus  is  not  permanent.  In  connection  with  a 
muscle  in  the  rigor-mortis  condition  there  is  found  sarcolactic  acid  and  it 
is  claimed  that  the  acid  reaction  depends  upon  this  acid.  Some  claim  that 
the  acid  reaction  is  the  result  of  complex  processes  rather  than  being  due 
simply  to  the  presence  of  sarcolactic  acid.  In  connection  with  the^rigid 
muscle  we^find_a_ development  pf  PPr,  The  muscle  when  living  and  in  an 
in  itable  condition  is  subject  to  tissue  respiration  involving  the  use  of  O 
and  the  production  of  C02.  When  the  arterial  blood  enters  the  muscle  it 
gives  off  some  of  its  oxygen  gathering  up  from  the  muscles  the  CO.  so 
that  as  it  leaves  the  muscle  it  is  distinctly  venous.  When  the  rigor-mortis 
condition  sets  in  the. CO?  production  is  largely  increased.  The  CO?  in  the 
living  body  results  from  oxidation  processes  in  [connection  with  C and 
substances  that  contain  C.  It  has  been  supposed  that  the  increase  in  the 
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production  of  C03  in  the  rigid  muscle  is  due  to  the  C of  the. muscle  and 
the  other  elements  in  the  muscle  that  contain  C being  given  up  to  oxida 
Uon_Eraesses.  'This  cannot  be  the  c.ase,  because  the  increase  in  The 
LUi  production  does  not  involve  a . corresponding  increase  in  theO  con 
sumption  and  it  has  been  found  that  there  is  no  free  O in  connection  with 
musde.  . Muscle  when  put  in  an  atmosphere  that  does  not  contain  free  O 
will  continue  to  give  off  C02  and  after  its  death  will  also  produce  CO,  simi- 
lar to  that  found  in  the  muscle  existing  in  an  atmosphere  with  O.  This 
indicates  that  the  C02  production,  cannot  take  place  in  connection  with  ox- 
idation. In  the  rigid  condition  therefore  there  must  be  found  some  sub- 
stance or  substances  which  when  broken  up  liberate  C02,  the  formation 
of  the  C02  having  taken  place  previously.  Muscle  when  rigid  becomes 
acid, ..contains,  a.  large  proportion  of  coagulatpX^neln  on,i  found  'te 
develop  a large, proportion  of  OU?.  Foster  claims  that  the  intensity*  of 
the  rigidity  corresponds  with  the  acidity  of~the  timscle  and  also  th7 
amount  of  CO2 . found  in  connection  with  it.  The  nature,  of  the  rigidity 
depends  upon  the  amount  of  myosin  found  in  conneetron  with  the 
and  the  acidity  depends  upon  the  amount  of  lactic  acid,. developed  a-  wejl 
as  the  amount  of  C02  formed,.. so  that  these  three. substances:  may  Ibe  as- 
sociated with  the  dividing  up  of  the  same  substance  or  substances  in  con- 
nection with  the  muscle.  . 

In  addition  to  the.proteids  that  are  found  in  connection  with  the  mus- 
cle in  the  rigid  condition  there  is  found  fat  in  the  connective  tissue  and  in 
the.substance  of  the  saiicolemma.  ft  is  not  known  what  the  function  of 
these  is  in, the  living  condition,  much, less  what  change  takes  place  in  the 
dead  condition  of  the  muscle.  In  the.  muscle,  we  also  find  the  carbo- 
hydrate in  the  form  of  glycogen  which.,  is  a substance  very  similar  to 
starch.  In  connection  with  the  living  muscle  more  or  less  of  glycogen  is 
always  found.  In  the  rigid . condition  the  glycogen  is  transformed  into 
some  sugar  form.  The  extractives  are  found  in  connection , with  the 
waste  products  that  arise  in  connection,  with  the  muscle  metabolism  dur- 
ing life..,  The  muscle  represents  the/larger. part  of  the  nitrogenous  proxi- 
mate elements  of  the.  body  and  henye  the  nitrogenous  extractives  in  the 
muscle  are. of  considerable  importance.  The,  chief  nitrogenous  element 
is  the  urea  with  the  allied  uric  acid.so  that"  in  one  of  these  two  forms  all 
the  nitrogenous,  waste  is.  thrown  off  from  the  muscle.  There  is  not  found 
any  urea  or  only  a very  small  quantity  in  connection  with  the  muscle 
either., in  the  living  or  in,  the  rigid  condition  so  that  the  urea  cannot  be  said 
to  represent  one  of  the  direct  end  products  of  muscle  substance.  In  con- 
nection with  the  muscle  there  is  found. another  extractive  kreatin  which 
is  a compound. substance  £hat  may  be  divided  into  urea  and  a meth  vl  gly- 
cin  called  sarcosin-  . This  kreatin  form  which  contains  urea  may  be  re- 
garded as  the  end  product  of  muscle,  metabolism. 

In  ordinary  circumstances,  when  the  muscle  enters  into  the  rigid  con- 
dition it  comes  on  slowly  fibre  after  fibre  being  affected  by  the, rigor.  As 
the?  gradual  contraction  of  the  muscles  take  place  they  are  hardened  in 
this  condition  and  they  become  solidly  fixed  in  the  rigid  condition.  The 
rjgid  condition  of  the,  body  is  usually  determined  in  connection  with  the 
weight  of  the  different  portions  of  the,  body  and  the  muscular  contrac- 
tion^. The  time  necessary  for  the  rigor  is  determined  by  thy  condition 
of.  the  muscle  find  its. temperature,  a more  active  muscle  being  subject  to 
greater  chemical  changes  and  these  changes  taking  place  more  rapidly  so 
that  the  rigor  mortis  comes  on  more  quickly. 
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largely  determines  the  onset  of  the  rigor  so  that  in  the  case  of  vigorous 
muscle  at  the  period  of  death  the  rigor  comes  slowly;  whereas  in  the  case 
of  muscles, enfeebled  by  sickness  or  disease  or- improperly  nourished  it 
comes  on  quickly  and  also  passes  away  quickly.  It  is  claimed  by  some 
that  the  contraction  found  associated  with  the  muscle  at  the  moment  of 
death  passes  into  the  contraction  of  the  rigor  condition.  Where  persons 
die  of  nervous  diseases  particularly  if  the  spinal  cord  and  brain  are  affect- 
ed the  rigidity  may  ensue  quickly.  In  the  case  of  cholera  where  death  is 
associated  .with  strong  muscular  contractions  the  rigidity  comeson  quick- 
ly, in  some  cases  the  contractions  of  the  death  struggle  passing  into  the 
contractions  that  represent  the  coming  on  of  rigidity.  In  such  rases,  as 
these  the  body  does  not  lose  its  heat  the  chemical  change-s  that  take  place 
in  connection  with  the.  rigor  preserving  the  body  temperature.  The 
cause  of  these  contractions  is  not  known  although  it’ is:  supposed  that  they 
arise  in  connection  with  the  stimulation  arising  from  chemical  changes  so 
that  the  nerve  cells  stimulate  the  muscles  to  activity.  The  muscles  con-: 
tinue  capable  of  responding  to  stimulation  even  after  rigidity  has  appear- 
ed because  the  process  of  coagulation'gradiially  develops  the/muscle  fibres' 
some,  remaining  longer  irritable  than  others.  ” It  is. claimed  by  so'me-tha* 
the  nervous  system  sends  out  impulses  to  the  muscles  even  aif ter; death/ 
producing  changes. in  the  muscles  which  assist  the-progress  of  the  rigoib 
1 his  it  is  claimed  is  proved  by  the  fact  that  where  muscleb  are  curarized 
they  become  rigid  very  much  more  slowly.  /The- rigor  mortis  in  the  nor- 
mal warm  blooded  animal  comes  on  from  a few  iniinutes  to  l&cfiH  20  hourti? 
after  death  and  may  last  from  one  to  several  days.  Thnjjgid  Condition 
of  the  muscle  may  be  removed  by  artificial  movements  of  the 'parts  of  the: 
body  and  when  thus  removed  will  not  return  again.  ‘ ;.>r>  n.i  - • : d 

The  most  probable  explanation  of  the  contracted  condition  of  the 
dying  muscle  is  that  it  is  produced  by  the  coagulation  of  the  fluid  that  is 
found  within  the  sarcolemma.  Kuhne  has  shown  that  such  a change; 
4ges  take^  place  in  muscle  plasma  extracted  from  a muscle  after  being’, 
frozen.  This  coagulation  results  from  the  chemical  alteration  arising' 
from  the  action  of  the  myosin  ferment  which  is  one  of  the  end  products 
of  the  muscle  death.  Hermann  claims  that  the  contraction  in  the  rigor 
mortis  is  of  the  same  nature  as  the  normal  muscle  contraction;  when  the-; 
muscle  becomes’ exhausted  or  is  poisoned  by  veratrin  the  prolonged  con- 
traction very  closely  resembles  the  rigor,  mortis  in  the  alteration  of  form, 
the  heat  generation,  the  acid  formation  and  the  production  of  GOT  ill  ad- 
dition  to  this  he  claims  that  the  muscles  becomes  rigid  more  rapidly  if  the 
nervous  con nect-ion-is  jn tact.  ft  seems  however  quite  certain  that  the 

rigor-contraction  is  very ^different  from*' the  normal  contraction,  for  ex- 
ample, instead  of  coagulated  myosin  the  normal  muscle  has  m'yosinogen 
uncoagulated,  and  in  the. muscle  contracting  during  rigor  elasticity  and 
extensibility  are-diminished,  the  contraction  taking  place  slowly  and  con- 
tinuing for  a considerable  time.  In  the  production  of  the  contraction 
there  is  a difference,  the  muscle  continuing  to  contract  in  rigor  mortis 
even  when  it.  has  lost  its  irritability  and  when  cut  off  from  all  nerve  con- 
nection. he  rigor -condition  is  found  equally  in  the  voluntary  and  in- 
voluntary muscles, -.the  cardiac  muscle'  also  becoming  quickly  rigid. 

\ hen  the  rigor  passes  away  there  is  the  beginning  of  putrefactive 
changes,  although-ii  is  claimed  by  some  that  even  when  precautions'  are 
taken. to  ipfeverrt  decomposition  the  rigor  mortis  may  pass  avVav.  As  we* 
have  sei?n  in  the  rigor-  there  is  a coagulation  of  the  muscle  substance,  al- 
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though  this  may  be  prevented  by  a cold  below  zero  C.  Although  the  cold 
prevents  coagulation  this  does  not  enable  us  to  get  the  chemical  analysis 
of  muscle  because  as  soon  as  we  begin  to  divide  up  the  muscle  its  livinir 
charactenstics  disappear,  Halliburton  finds  that  the  coagulation  is 
prevented  by  neutral  salts,  such  as  NaCl,  so  that  by  the  use  of  these  the 
properties  of  the  muscle  can  be  investigated.  So  long  as  the  muscle  is 
m its  living  condition  it  is  taking  from  the  blood  proteids,  carbohydrates 
rats,  salts,  etc.,  using  these  in  building  up  its  own  tissue  substance. 
1 his  substance  is  largely  made  up  of  proteid,  albumin,  myoalbumin  and 
myosinogen  being  always  found  in  muscle.  In  the  resting  condition  the 
anabolism  of  muscle  constantly  implies  the  formation  of  waste  matters: 
duiing  the  contracted  condition  these  waste  products  are  increased  the 
being  that  the  muscle  becomes  acid  in  reaction.  In  the  riwor  con- 
dition ther  e is  added  to  the  other  products  of  ordinary  contraction  the 
transformation  of  myosinogen  into  myosin  which  produces  muscle  rigid- 
ity* The  rigor  mortis  is  essentially  a coagulation  although  we  can  not 
tell  why  the  myosin  coagulates  on  the  death  ot  the  muscle.  Hermann 
claims  that  myosin,  lactic  acid  and  CO2  are  the  products  of  the  disinteg- 
ration of  some  complex  substance,  the  rigidity  being  simplv  a removable 
conti action.  But  it  is  found  that  rigor  mortis  does  not  produce  anv 
change  in  the  doubly  refractive  substance  which  is  regarded  as  the  con- 
tractile element  of  muscle.  It  is  claimed  by  Danilewski  that  myosin  is 
found  in  the  doubly  refractive  elements.  In  the  case  of  thermal  rigor 
the  muscle  of  a frog  will  pass  into  rigor  by  being  dipped  in  a saline  sol- 
ution at  41  degrees  C,  the  cardiac  muscle  at  45  degrees  and  the  mammalian 
muscle  about  51  degrees.  This  thermal  rigor  is  a much  accelerated  rigor 
but  the  moysin  does  not  become  insoluble.  If  muscle  is  raised  to  75 'de- 
grees or  above,  there  is  no  acid  reaction,  but  rigor  dueTo  coagulation  of 
the  proteids  andTience  not  a true  rigor.  The  alcohol  rigor  is  a similar 
proteid  coagulation.  Rigor  mortis  is  of  value  in  Forensic  Medicine  as" a 
means  of,  indicating  the  time  of  death.  The  rigor  is  found  to  come  on 
more  suddenly  when  persons  are  taken  by  surprise  in  the  active  work  of 
life.  Onimus  gives  the  following  order  of  the  disappearancejT  irritabil- 
ity, left  ventricle,  stomach  and  intestines  in  55  minutes;  right  ventricle 
and  bladder  60  minutes;  iris  105  minutes;  facial  and  lingual  muscles  180 
minutes;  extremity  muscles  and  muscles  of  the  trunk" from  four  to  six 
hours  after  which  rigidity  is  completely  established. 

In  connection  with  muscle  it  is  important  to  notice  the  growth  and 
atrophy  of  the  muscle.  Out  of  a single  cell  as  it  increases  in  size  and  be- 
comes elongated  there  is  developed  the  striped  muscle  fibre.  A division 
takes  place  in  the  nucleus  several  times  and  differentiation  is  found  in  the 
protoplasm.  In  the  mammalian  muscle  the  nuclei  move  towards  the  peri- 
phery of  the  fibre  being  associated  with  the  interspaces  between  the 
fibrillae  of  the  fibres.  The  sarcolemma  represents  the  cell  membrane 
although  some  claim  that  it  is  formed  out  of  special  cells  which  are  broad- 
ened out  in  the  formation  of  a flat  membrane.  In  the  fullv  developed 
muscle  we  find  large  numbers  of  these  fibres.  Bv  the  functional  use  and 
ex;ercise  of  the  muscle  it  will  become  enlarged  as  well  as  strengthened 
this  being  due  to  the  increase  in  the  number  of  the  muscle  fibres.  In  this 
enlargement  new  fibres  are  developed,  the  old  fibres  are  increased  and 
the  interstitial  substance  is  also  increased.  Exercise  increases  the  num- 
ber of  these  fibres  in  connection  with  the  nuclei  that  arc  found  beneath 
the  sarcolemma.  Some  muscles  grow  without  any  such  exercise  this  be- 
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ing  due  to  the  energy  that  is  native  to  the  tissue,  perhaps  under  the  m- 
lluence  of  the  trophic  nerves.  The  fact  that  blood  enters  a muscle  does 
not  of  necessity  produce  growth;  accompanying  this  there  must  be  mus- 
cle exercise  involving  contraction  so  that  the  protoplasm  may  be  stimulat- 
ed to  take  up  the  nutrition.  Muscles  may  grow  into  a hypertrophied  con- 
dition as  is  found  in  connection  with  the  muscles  of  a laborer  or  the  limbs 
of  gymnastic  operators.  This  hypertrophy  is  also  found  associated  with 
the  walls  of  the  left  ventricle  in  the  heart  produced  as  it  is  supposed  in 
connection  with  the  increased  contraction  of  the  aortic  orifice.  Opposite 
to  this  we  find  the  atrophy  of  muscles  particularly  in  connection  with 
paralysis.  In  this  condition  the  muscle  become  soft,  and  relaxed,  the  ex- 
amination of  the  muscle  indicating  the  presence  of  particles  of  fat  and 
other  substances.  In  the  paralyzed  muscle  striation  becomes  indistinct 
the  fatty  particles  being  found  closely  associated  with  the  nuclei  indica- 
ting the  degenerative  process. 

Electrical  Phenomena. — (1)  Currents  of  rest.  By  removing  a mus- 
cle from  the  body  and  placing  two  non-polarizable  electrodes  in  connec- 
tion with  a galvanometer  on  two  points  of  the  body  surface  it  will  be 
found  that  a current  is  passing  by  the  deflection  of  the  galvanometer. 
This  is  called  the  muscle  current  and  is  best  seen  when  the  muscle  is 
made  up  of  parallel  fibres  and  when  it  is  cut  off  from  its  tendon  relations 
by  right  angle  incisions  to  the  muscle  fibres.  In  this  case  we  have  a 
longitudinal  section  of  a muscle  with  clean  cut  transverse  sections  at  the 
ends.  The  longitudinal  surface  is  divided  into  two  equal  parts  by  an 
ideal  line  called  the  equator.  It  is  found  in  such  a muscle  that  the  great- 
est current  is  passed  when  one  of  the  electrodes  is  put  on  the  equator  and 
the  other  at  one  of  the  transverse  ends,  the  current  passing-  from  the  mid- 
dle or  equator  to  the  transverse  end  through  the  galvanometer,  indicating 
that  the  end  is  negative  to  the  equator.  The  current  is  the  same  whether 
the  electrode  is  at  one  end  or  the  other.  If  however  the  one  electrode  is 
moved  from  the  end  to  a point  nearer  the  equator  the  current  is  of  the 
same  dii  ection  as  before  but  its  intensity  is  lessened.  By  placing  the 
two  electrodes  at  points  of  unequal  distance  on  either  side  of  the  equator 
a weak  current  passes  from  the  one  nearer  the  equator  to  the  other, 
the  current  differing  as  they  come  nearer  equi-distant  so  that  if  equidis- 
tant there  will  be  no  current  at  all.  By  placing  one  electrode  at  the  center 
of  the  cut  end  and  the  other  at  the  margin  a current  will  pass  from  the 
latter  to  the  former.  The  most  positive  and  the  most  negative  points  to 
each  other  are  on  the  equator  and  the  centers  of  the  cut  end  and  the  de- 
gi  ee  of  current  will  depend  on  the  distance  from  these  points.  These 
muscle  currents  arc  found  even  after  the  circuit  is  closed  so  that  they 
must  dependon  changesfound  in  connection  with  the  muscle  arising  proba- 
dv  fi  om  chemical  changes.  They  are  foundto  disappear  when  the  mus- 
cle  loses  its  irritability  so  that  they  depend  on  the  same  conditions  as  irri- 
tability. Muscle  currents  arc  found  in  all  muscles,  more  characteristic 
m cylindrical  than  in  irregularly  shaped  muscles.  According  to  DuBois- 
Kayrtond  they  are  necessary  characteristics  of  all  muscles.  According- 
to  him  the  muscles  consist  of  regular  molecules  possessing  electromotive 
forces,  each  molecule  having  like  the  muscle  an  equator  that  is  positive 
and  ends  that  are  negative,  so  that  when  the  whole  number  of  these  mole- 
cules is  combined  in  the  muscle  we  have  a large  bundle  of  electromotive 
There  would  not  seem  to  be  any  foundation  for  the  theory 
that  these  originate  in  the  deeper  parts  of  the  muscle,  the  currents  beinL 
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purely  superficial.  In  an  uninjured  muscle  the  currents  are  much 
teenier  than  when  the  muscle  is  divided  up  into  cross  sections. 

h i cm  this  it  is  evident  that  there  is  less  of  a muscle  current  at  the 
natuial  muscle  ending-  than  in  the  case  of  the  transverse  ends  so  that  if 
the  natural  end  is  injured  in  any  way  then  the  negativity  increases.  To 
such  an  extent  is  this  the  case  that  if  the  muscle  is  very  carefully  treated 
in  its  normal  condition  there  will  be  no  current  at  all  indicating  its  iso- 
electric condition.  In  connection  with  the  ventricle  of  the  heart  oft  be 
f iog-  the  supei  ficial  sui  face  if  not  injured  does  not  give  anv  electric  cur- 
lent,  but  by  injuring  the  surface  or  cutting  the  cardiac  muscle  across 
there  is  developed  at  the  point  of  transverse  cutting  a strong  negativity. 
This  negativity  is  found  to  be  destroyed  when  the  result  of  injury  is  ab- 
sent so  that  it  can  only  be  produced  by  a new  injury  to  the  muscle.  This 
has  been  explained  in  connection  with  cardiac  muscles  by  the  fact  that 
the  fibres  are  shorter  and  not  like  the  ordinary  skeletal  muscle  fibres  so 
that  in  the  case  of  cutting-  the  cardiac  muscle  a number  of  these  small  fibres 
are  injured  producing  the  negativity  which  lasts  only  for  a short  time  be- 
cause of  the  shortness  of  the  fibres,  while  in  the  longer  skeletal  fibres  the 
negativity  is  transmitted  along  the  fibres.  When  a muscle  is  cut  the 
death  of  the  fibre  takes  place  at  the  point  of  injury,  so  that  it  is  claimed 
these  muscle  currents  do  not  exist  in  the  living  normal  muscle  but  that  thev 
result  from  changes  taking  place  in  connection  with  the  process  of  dying, 
the  dying  portions  of  the  muscle  being  negative  to  the  rest  of  the  muscle. 
It  is  claimed  therefore  that  these  currents  represent  artificial  currents. 

In  the  case  of  the  muscle  the  liberation  of  energy  takes  place  in  the 
form  of  heat,  work  and  electricity  while  in  the  nerve  the  only  manifesta- 
tion of  activity  is  found  in  connection  with  electrical  change.'  The  elec- 
trical energy  represents  a transformation  of  potential  into  actual  energv 
the  electricity  arising  in  connection  with  chemical  changes  in  the  muscle 
and  nerve  so  that  stored  up  energy  is  libei'ated.  In  the  case  of  the 
nerves  we  know  of  no  chemical  changes  although  there  must  be  some  to 
account  for  the  electrical  phenomena.  While  there  are  electrical  pheno- 
mena in  connection  with  muscle  and  nerve  this  does  not  mean  that  muscle 
and  nerve  activity  are  electrical  the  activity  being  simply  manifested 
in  this  way.  The  same  activity  may  be  manifested  in  other  organs  and 
tissues  in  connection  with  electrical  changes,  for  example,  in  plain  cells, 
gland  cells  etc.  In  some  of  the  fishes  there  are  found  special  organs  of 
electricity  capable  of  discharging  a lai*ge  amount  of  electrical  energy.  In 
testing  these  current  the  galvanometer  is  used  because  of  its  great  sensi- 
tiveness to  electric  currents  when  they  are  very  feeble.  Another  instru- 
ment of  great  delicacy  is  the  capillary  electrometer  consisting-  of  a g-lass 
tube  in  capillary  form  the  end  of  which  is  dipped  into  a glass  vessel  con- 
taining a ten  percent  solution  of  H2S04.  The  upper  end  of  the  tube  is 
connected  by  a rubber  tube  with  a pressure  bulb  containing  mercury  so 
that  by  raising  the  pressure  bulb  the  mercury  is  passed  into  the  capillary 
against  the  capillary  resistance.  If  the  pressure  is  strong  enough  the 
mercury  may  be  driven  to  the  capillary  extremity  driving- out  all  the  air 
the  mercury  rising  when  the  pressure  is  taken  away  pulling  the 
H2SO4  after  it.  The  mercury  rests  when  the  pressure  and  capillary  re- 
sistance equilibrate  each  other.  The  end  of  the  mercury  column  in  con- 
tact with  the  H2SO4  is  convex  and  any  change  in  this  convexity  produces 
a movement  of  the  mercury;  this  change  in  the  mercury  may  be  produced 
by  a very  slight  current  of  electricity.  The  movements  of  mercury  can 
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be  calculated  by  means  of  a graduated  scale  in  connection  with  the  micro- 
scope and  can  be  easily  photographed  so  that  very  delicate  changes  can 
be  registered. 

In  the  case  of  a normal  muscle  or  nerve  when  in  a resting-  condition 
there  is  no  electrical  variation  and  hence  they  are  said  to  be  iso-electrical. 
By  the  injury  to  the  tissue  there  is  at  once  a chang-e  which  may  be  detect- 
ed by  the  galvanometer  or  electrometer.  Tissue  when  dead  gives  no  cur- 
rent; the  tissue  when  living-  if  resting-  gives  no  current:  whereas  the  dying- 


tissue  is  negative  to  the  living-  normal  tissue j this  is  equally  true  of  the 
nerve  as  it  is  of  the  muscle.  In  the  case  of  the  nerve  of  a cat  Horsley  finds 
that  the  e.  m.  f.  is  .01  of  a Daniel’s  cell,  in  the  spinal  nerves  .025  and  in 
the  spinal  cord  .046.  The  non-medullated  nerves  give  a larger  current 
than  the  medullated  because  of  the  greater  number  of  axis  cylinders. 
In  the  case  of  a nerve  the  current  of  injury  is  of  short  duration  because 
of  the  shortness  of  the  extent  of  the  nerve  to  the  first  node  to  which  death 
takes  place.  A nerve  can  be  stimulated  by  the  current  arising  from  its 
own  injury  so  that  we  have  a current  in  the  case  of  mechanical  injury 
strong  enough  to  produce  an  irritation. 

(2)  Currents  of  action.  In  the  case  of  a muscle  when  active  as  dis- 
tinguished from  resting  muscle  there  is  an  electrical  negativity.  The 
same  is  true  of  the  nerve  tissue  when  active.  Raymond  found  that  by 
connecting  the  longitudinal  and  cut  surface  of  the  muscle  with  the  galvan- 
ometer and  tetanizing  the  muscle  there  was  a deflection  opposite  to  that 
found  in  connection  with  the  current  of  rest.  He  proved  that  this  was 
not  due  to  the  diminution  of  the  resting  current  bv  producing  a current 
from  a battery  to  compensate  for  the  resting  current,  the  deflection  still 
taking  place  in  the  opposite  direction.  This  current  of  action  in  the 
opposite  direction  Raymond  called  the  negative  variation  finding  that  it 
continued  only  so  long  as  the  muscle  continued  in  the  tetanized  condition. 
When  the  stimulation  is  removed  the  deflection  ceases  and  the  ordinary 
current  of  rest  is  restored  although  not  perfectly  by  keeping  up  the  stim- 
ulation so  as  to  increase  the  current  of  action  several  times  the  return  to 
the  original  position  of  the  current  of  rest  is  lessened.  This  indicates 
that  a current  of  electricity  is  developed  as  soon  as  the  muscle  begins  to 
contract  so  that  as  the  currents  of  rest  are  diminished  there  is  a negative 
variation  of  the  currents  of  rest,  this  negative  variation  being  found  not 
only  in  the  tetanic  condition  but  also  in  a single  contraction.  This  cur- 
rent of  negative  variation  may  be  utilized  as  a shock  in  the  stimulation  of 
muscle.  By  taking  two  muscle  nerve  preparations  and  placing  the  nerve 
of  one  on  the  muscle  of  the  other,  as  soon  as  the  nerve  of  the  latter  is 
stimulated  there  will  be  found  a twitching  not  only  of  the  latter  but  also 
of  the  former  muscle.  By  stimulating  the  nerve  electrically  with  several 
rapidly  succeeding  induction  shocks  so  that  the  one  muscle  becomes 
tetanized  the  other  muscle  will  also  pass  into  a tetanic  condition.  This 
is  not  caused  by  the  passage  of  the  current  of  electricity  from  the  one 
nerve  and  muscle  preparation  to  the  nerve  of  the  other  for  the  tetanic  con- 
dition of  both  muscles  ceases  by  ligaturing  the  first  nerve  stimulated. 

1 he  one  muscle  acts  as  a battery;  when  the  connection  with  the  other  mus- 
cle is  established  by  means  of  the  nerve  it  serves  as  a stimulation  to  the 
second  muscle.  As  each  spasmodic  action  of  the  tetanic  condition  of  the 
one  muscle  takes  place  a negative  variation  arises  in  connection  with  the 
muscle  cu  rrent,  this  negative  variation  current  of  the  one  muscle  stimulating 
to  spasmodic  ac tion  the  other  muscle;  and  as  the  shocks  arc  rapidly  ap- 
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plied  to  the  first  nerve  these  produce  rapid  shocks  in  connection  with  the 

negative  current  so  that  the  primary  tetanus  produced  by  the  induction 

shocks  leads  to  a secondary  tetanus  in  the  other  muscle  through  the  cur- 
rent of  negative  variation.  This  seems  to  indicate  that  a negative  varia- 
tion current  consists  of  a series  of  negative  variations  and  Raymond  r<  - 
gai-ds  this  a.s  a proof  of  the  discontinuity  found  in  connection  with  the  so 
called  tetanic  contraction,  because  the  second  muscle  could  only  have  been 
tetanized  by  a number  of  stimuli.  Although  there  were  a number 
of  separate  electric  shocks  in  producing  a current  of  negative  variation 
in  connection  with  the  tetanus  it  did  not  produce  fusion  of  the 
negative  variation  currents;  consequently  producing  a secondary 
tetanus.  By  the  use  of  the  electrometer  records  have  been  obtained  of 
these  variations  in  electric  currents  found  in  connection  with  an  injured 
muscle  when  tetanized  representing  the  negative  variations  that  tetanize 
the  second  muscle.  Sanderson  by  the  use  of  photography  has  pictured 
those  changes  pointing  out  that  there  are  diminutional  effects  represen- 
ting a.  more  permanent  variation  that  diminishes  the  result  of  a negative 
i ai  iation  in  connection  with  the  injured  tissue.  This  continuous  altera- 
tion arises  from  the  continued  contraction  found  in  connection  with  the 
contracture  of  tetanus.  It  is  taken  to  represent  the  difference  in  con- 
traction between  the  normal  uninjured  part  of  the  muscle  and  the  injured 
part, the  latter  part  giving  only  an  incomplete  contraction  while  the  con- 
traction of  the  former  is  perfect.  The  diminutional  result  is  found  there- 
fore only  in  connection  with  injured  muscle.  By  stimulating  the  muscle 
with  a single  stimulus  in  connection  with  the  nerve  there  is  a double 
phase  in  the  resulting  variations,  the  part  directly  stimulated  being  first 
to  manifest  activity  and  therefore  becoming  electrically  negative,  this 
condition  passing  gradually  to  the  rest  of  the  muscle. 

By  placing  one  electrode  close  to  the  point  of  stimulation  of  a muscle 
and  the  other  electrode  at  an  indifferent  point,  by  the  use  of  the  electro- 
meter it  will  be  found  that  at  each  stimulation  a diphasic  variation  takes 
place.  As  soon  as  stimulation  takes  place  the  point  at  the  first  electrode 
becomes  negative  to  the  point  at  the  second  electrode  in  the  muscle;  after 
the  wave  of  contraction  reaches  the  point  at  the  second  electrode  it  will  be 
negative  so  that  it  will  be  negative  to  the  point  of  application.  As  in  the 
normal  condition  the  wave  of  contraction  passes  in  two  directions  along 
the  muscle  from  the  point  of  stimulation  there  will  be  found  two  diphasic 
variations  in  connection  with  each  stimulation.  In  connection  with  the 
heart  in  normal  conditions  we  find  these  diphasic  currents,  during  the 
first  phase  when  the  contraction  originates  at  the  base,  the  base  is  nega- 
tive to  the  apex,  and  in  the  second  phase  the  apex  becomes  negative  to  the 
base.  When  the  cardiac  muscle  is  cut  or  injured  the  negative  variation 
stops  at  the  point  of  injury  so  that  only  a single  phase  is  observable. 
These  diphasic  variations  have  been  fully  investigated  by  Waller  who  has 
made  records  of  the  electrical  variations  in  connection  with  the  heart 
rhythm.  So  marked  have  been  these  diphasic  variations  in  the  electric 
condition  that  each  heart  beat  produces  a stimulation  strong  enough  to 
produce  from  one  to  two  contractions  in  connection  with  the  muscle  nerve 
preparation.  If  the  heart  is  stopped  in  diastole  by  Ihc  stimulation  of  the 
pneumogastric  a positive  variation  is  found  in  connection  with  the  muscle 
current.  Gaskell  has  shown  that  in  this  case  the  inhibitory  action  of  the 
nerve  is  accompanied  by  a positive  variation  electrically  in  the  current  of 
the  heart;  if  the  heart  is  stimulated  by  the  sympathetic  nerve,  represen- 
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ting-  the  acceleratorv  impulse,  an  electrical  variation  is  also  found.  In 
both  of  these  cases  electrical  variation  Can  be  produced  in  the  heart  even 
after  the  heart  is  stopped  by  the  use  of  muscarin.  This  seems  to  indicate 
what  is  the  nature  of  the  action  of  the  vagus  and  sympathetic  nerves  upon 
the  heart.  Waller  has  concluded  that  the  excitation  of  the  ventricle  starts 
at  the  apex  and  is  distributed  towards  the  base.  On  account  of  the  slan- 
ting position  of  the  heart  the  cardiac  variation  may  be  found  by  connecting 
the  two  hands  or  the  right  hand  and  one  of  the  feet  with  the  electrometer. 
The  first  phase  in  the  cardiac  variation  is  of  shorter  duration  than  the 
second  phase,  Bernstein  in  connection  with  these  diphasic  changes  claims 
that  the  period  intervening  between  the  two  phases  is  in  direct  propor- 
tion to  the  distance  found  between  the  electrodes  and  that  the  variation  is 
transmitted  at  the  same  rate  as  the  wave  of  contraction.  He  found  that 
the  negative  variation  originated  just  at  the  moment  of  irritation  so  that 
there  is  no  latent  period.  The  negative  variation  therefore  does' not  rep- 
resent any  latent  condition  preceding  contraction  but  forms  a part  of  the 
contraction  itself,  the  negative  condition  lasting  throughout  the  contrac- 
tion period  according  to  Sanderson.  It  has  been  usually  considered  that 
the  negative  wave  of  the  muscle  current  precedes  the  contraction  wave 
but  as  we  have  seen  both  waves  have  a velocity  of  about  three  meters  per 
second.  According  to  Lee  the  negativity  in  connection  with  the  muscle 
of  a frog  lasted  not  only  during  the  contraction  period  but  even  during 
the  relaxation  period.  In  connection  with  some  recent  cases  Sanderson 
found  that  the  negative  variation  lasted  not  only  during  the  contraction 
period  but  continued  after  the  removal  of  the  stimulation,  indicating  that 
it  represents  a process  associated  with  the  muscle  contraction  and  may 
continue  even  after  the  contraction  ceases  as  an  after  affect.  Not  onlv  is 
there  a current  in  connection  with  the  tetanus  of  muscle  but  there  is  also 
a muscle  current  during  a single  contraction.  In  this  case  the  electrical 
variation  is  found  preceding  the  period  of  latency  in  the  muscular  con- 
traction, according  to  Waller  the  variation  beginning  from  .04  to  .1  of 
a second  after  stimulation  the  contraction  taking  place  from  .1  to  .3  of  a 
second  after  stimulation. 

Some  claim  that  there  are  natural  muscle  currents  while  others  deny 
the  existence  of  these  natural  currents  but  admit  that  during  the  contrac- 
tion of  a muscle  there  are  developed  currents  of  action  arising  in  connec- 
tion with  the  muscle  substance  as  it  enters  upon  the  contraction,  the  con- 
tracted muscles  becoming  negative  to  the  rest  of  the  muscle  substance  re- 
maining at  rest.  In  this  sense  the  negative  variation  represents  the  initi- 
al condition  of  a contracting  muscle  whether  normally  contracting  or  con- 
tracting in  connection  with  the  rigor  mortis  condition.  In  the  normal 
muscle  the  negative  wave  would  originate  from  the  motor  plate  when  the 
muscle  is  stimulated  through  the  nerve,  or  from  the  point  ot  stimulation 
when  it  is  stimulated  directly,  the^wave  passing  over  the  muscle  to  the 
ends  of  the  muscle  substance.  In  the  case  of  the  tetanization  of  a muscle, 
\vave  following  wave  of  negativity  will  pass  along  the  fibres,  the  first  wave 
being  more  marked  than  the  second;  the  result  being  as  we  have  seen  before 
that  a succession  of  stimulations  may  pass  from  the  muscle  in  con- 
nection with  those  currents  of  negative  variation. 

In  the  case  ot  the  nerve  we  find  the  same  principle  applicable  as  in 
tie  case  of  the  muscles.  By  the  stimulation  of  a normal  nerve  there  is 
found  a negative  variation  at  the  point  of  stimulation  from  which  it  passes 
in  both  directions  along  the  nerve  path,  having  the  same  rate  as  the  neural 
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impulse.  This  electrical  variation  in  the  nerve  is  diphasic,  the  first  phase 
being  found  associated  with  the  part  that  is  stimulated,  and  the  second 
phase  in  the  parts  at  a distance  from  the  point  of  stimulation.  By  injur- 
ing a nerve  the  second  phase  is  not  found  on  comparing  it  with  the  normal 
nerve.  By  frequently  stimulating  a nerve  there  is  aroused  a number  of 
currents  corresponding  with  the  number  of  stimuli.  The  negative  varia- 
tion in  connection  with  a single  stimulus  is  found  to  vary  from  .007  to  .025 
of  a second.  There  is  also  a variation  in  the  intensity  of  a current,  the 
current  however  may  be  so  strong  as  to  furnish  stimulation  to  another 
nci  \ c.  It  is  found  that  the  nerve  cells  and  the  muscles  in  connection  with 
the  nerves  are  very  sensitive  to  these  neural  stimulations  so  that  a nega- 
tive variation  is  found  to  follow  a nerve  impulse  produced  by  the  stimula- 
tion of  the  nerve  in  connection  with  the  nerve  cell.  Raymond  found  a di- 
minution of  the  current  of  rest  in  the  case  of  poisoning  by  strychnine,  the 
spinal  cells  stimulating  the  anterior  roots  very  strongly,  resulting  in 
strong  muscle  contractions.  Horsley  made  use  of  electrical  stimulation 
in  connection  with  the  peripheral  nerves,  the  spinal  nerves  and  the  motor 
tracts  in  the  spinal  cord  finding  that  by  stimulating  the  cortical  cells  in 
the  motor  region  there  was  found  in  connection  with  the  nerves  a current 
of  action  of  the  same  rate  as  the  motor  impulse  sent  out  from  the  cortical 
cells.  It  is  not  known  that  the  nerve  impulse  in  connection  with  these 
currents,  of  action  varies  in  different  kinds  of  nerves  at  least  in  the  nature 
of  the  impulse;  there  is  however  a variation  in  the  intensity  depending 
upon  the  manner  of  stimulation.  In  all  cases  the  impulse  is  associated 
with  a current  of  action  which  represents  a negative  variation.  By  plac- 
ing a nei've  on  one  of  the  electrodes  transversely  and  long'itudinallv  on 
another  electrode  it  is  found  that  if  electrical  stimulation  is  applied  there 
is  a diminution  of  the  nerve  current.  This  diminution  in  the  form  of  a 
negative  variation  is  transmitted  very  rapidly  as  periodic  interruptions 
along  the  nerve  and  passes  through  the  muscle.  Hering  has  found  that 
in  connection  with  the  nerve  there  is  a secondary  tetanus  similar  to  that 
found  in  connection  with  the  muscle,  the  extent  of  the  negative  variation 
depending  on  the  extent  of  the  primary  deflection.  There  is  no  negative 
variation  observable  if  the  nerve  is  uninjured.  In  the  spinal  cord  the 
same  negative  variation  is  found  as  in  the  nerve.  By  conducting  a cur- 
rent from  the  transverse  and  longitudinal  portions  of  the  medulla  inter- 
rupted negative  variations  are  found,  possibly  arising  from  the  intermit- 
tent stimulation  of  the  nerve  centers.  The  negative  current  is  transmit- 
ted along  the  nerve  at  the  same  rate  as  the  nerve  current,  namelv,  about 
27  meters  per  second.  The  transmission  is  assisted  by  a temperature 
ranging  from  15  degrees  to  25  degrees  C.  Bernstein  has  measured  the 
velocity  of  the  negative  variation  in  connection  with  the  nerve  by  the  use 
of  the  differential  rheotome.  This  negative  variation  is  found  to  be  en- 
tirely absent  in  the  case  of  nerves  that  have  become  degenerated. 

By  taking  a freshly  removed  eye-ball  and  placing  it  on  a non-polariza- 
ble  electrode  in  connection  with  a galvanometer  and  permitting  the  light 
to  fall  upon  the  eye  there  is  found  to  be  a retinal  current  from  the  cornea 
to  the  transverse  section  of  the  optic  nerve  fibre  and  it  is  found  that  this 
increases,  the  optic  nerve  at  its  cross  section  being-  negative  to  the  cornea. 
By  stimulating  the  secretory  nerves  in  connection  with  glands  it  is  found 
that  there  is  not  only  produced  stimulation  resulting  in  secretion  but  also 
an  effect  upon  the  current  of  rest,  called  the  current  of  secretion.  This 
current  of  secretion  is  found  to  travel  in  the  same  direction  as  the  current 
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of  rest,  although  Hermann  claims  that  in  the  frog  it  sometimes  travels 
in  the  opposite  direction. 

As  we  have  seen  when  a stimulus  passes  along  a motor  nerve  into  a 
muscle  certain  changes  take  place  which  are  chemical  in  their  nature.  It 
is  natural  to  suppose  that  these  changes  are  connected  in  some  way  with 
electrical  variations.  The  relation  between  these  has  not  however  been 
very  clearly  established.  Animal  electricity  was  discovered  about  1786. 
In  experimenting  in  connection  with  frogs  Galvani  found  that  when  the 
frog’s  skin  came  in  contact  with  a metallic  surface  as  they  were  suspend- 
ed from  copper  hooks  there  was  produced  an  electrical  current.  He 
claimed  that  the  spasmodic  actions  in  the  frog  were  due  to  animal  electri- 
city originating  from  the  animal  tissues.  Electricity  at  this  period  was 
regarded  as  a fluid  and  Galvani  concluded  that  electricity  in  the  animal 
was  a nervous  fluid  and  associated  in  some  way  with  life,  with  the  bodily 
and  mental  functions.  This  view  was  criticised  by  Volta  who  experi- 
mented in  connection  with  a frog  in  the  attempt  to  discover  whether  elec- 
tricity is  natural  or  artificial.  Volta  first  of  all  tried  to  prove  that  there 
was  a mechanical  stimulation  but  he  found  that  if  this  stimulation  did  not 
take  place  in  connection  with  the  metals  there  was  necessarily  either  no 
stimulation  or  stimulation  took  place  only  in  connection  with  different 
fluids  and  tissues.  Volta  continued  his  experiments  which  resulted  in  his- 
construction  of  the  Voltaic  pile  by  which  he  proved  that  electricity  was 
developed  by  the  contact  of  metals  in  connection  with  the  fluids.  To  this 
discovery  there  has  been  added  other  facts,  for  example,  electro-magnet- 
ism in  which  Oersted  proved  that  by  passing  a continuous  current  along 
a wire  parallel  to  a magnetic  needle  there  results  the  deflection  of  the 
needle.  This  forms  the  basis  of  the  invention  of  the  galvanometer 
which  has  been  so  serviceable  in  connection  with  physiological  experi- 
ments. 

\ arious  theories  have  been  propounded  in  the  attempt  to  explain  the 
muscle  currents.  These  theories  are  three  in  number.  (1)  The  capil- 
lary theory  formulated  by  Becquerel.  It  was  claimed  by  him  that  there 
might  be  an  electrical  circuit  in  connection  with  the  body  without  the 
use  of  the  metal  or  metals.  By  taking  two  fluids  of  a different  nature 
separated  from  one  another  by  an  organic  membrane  he  found  that  elec- 
tric currents  could  be  developed.  The  membranous  wall  which  is  in  con- 
tact with  the  liquid  close  to  the  acid  gives  us  the  negative  pole  while  the 
wall  of  the  opposite  side  represents  the  positive  pole,  the  intervening 
spaces  assisting  in  conduction.  Becquerel  claimed  that  in  the  body  we 
find  a large  number  of  what  he  called  “electro-capillary  couples”  origina- 
ting constant  currents  of  electricity.  For  example,  in  connection  with 
the  tissue  capillaries  the  surface  of  the  capillary  walls  towards  the  blood 
represents  the  negative  pole  while  the.  surface  in  contact  with  the  lymph 
i epi  esents  the  positive  pole.  The  objection  to  this  theory  is  that  there 
is  no  proof  of  the  reality  ot  the  generation  of  such  currents  of  electricity 
in  connection  with  the  body  tissues.  (2)  The  physical  or  molecular 
theory.  By  taking  a zinc  cylinder  with  two  pieces  of  copper  attached  to 
the  sides  and  placing  it  in  water  it  is  found  that  there  are  developed  a 
large  number  of  electrical  currents  passing  through  the  water  as  a con- 
ductor from  zinc  to  copper.  Part  of  the  current  may  be  lead  away  by  at- 
taching conductors  to  the  zinc  and  copper  and  placing  in  the  circuit  a gal- 
\anometer,  so  that  it  can  be  shown  that  the  zinc  represents  the  positive 
and  the  copper  the  negative.  l)u  Bois  Raymond  says  that  this  represents 
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what  is  found  associated  with  the  muscle  fibre  which  is  found  to  consist 
ol  a large  number  of  these  electrical  elements  similar  to  the  zinc  and  coo- 
per. In  connection  with  these  minute  elements  there  is  found  according 
to  him  a positive  equator  with  two  negative  zones  so  that  when  these 
elements  ai  e placed  in  a surrounding-  fluid  medium  physiological  currents 
ot  electricity  are  developed.  According-  to  this  theory  each  molecule  rep- 
resents an  electromotive  force  or  forces.  We  do  not  know  histological!  v 
that  there  is  any  basis  for  this  molecular  theory  but  thev  represent  ac- 
cording to  Raymond  the  centers  of  chemical  changes.  Raymond  in  his 
fust  expei  iments  supposed  that  he  had  found  this  electrical  variation  in 
connection  with  a.n  intact  muscle.  He  found  however  in  his  later  experi- 
ments that  by  taking  special  care  so  as  not  to  injure  the  muscle  no  elec- 
trical variation  was  fonnd  in  the  uninjured  muscle  and  even  if  such  a cur- 
rent was  found  it  was  infinitesimal  and  in  the  opposite  direction  to  the 
current  of  action.  Raymond  tried  to  explain  this  by  claiming  that  in  the 
intact  muscle  there  is  found  at  the  tendinous  end  of  the  muscle  certain 
molecules  whose  electrical  poles  are  reversed  so  that  in  the  muscle  from 
the  tendinous  extremities  there  is  a positive  surface  towards  the  trans- 
verse section  which  he  called  the  parelectrotonic  layer.  According  to 
this  theory  of  Raymond  a muscle  or  nerve  consists  of  a number  of  elec- 
tromotive molecules  arranged  one  after  another.  All  of  these  molecules 
have  an  equator  and  two  negative  polar  surfaces  in  the  direction  of  the 
transverse  section.  According  to  this  theory  the  strong  currents  can  be 
explained  but  no  explanation  seems  possible  in  the  case  of  the  weak  cur- 
rent, unless  we  suppose  that  a weakening  takes  place  in  the  electromotive 
force  at  unequal  distances  from  the  equator.  He  explains  the  negative 
variation  by  taking  it  for  granted  that  when  a muscle  or  nerve  is  active 
there  is  a diminution  in  the  electromotive  force  of  all  the  molecules.  If 
the  contraction  of  the  muscle  is  partial  the  part  contracted  becomes  indif- 
ferent to  conduction.  In  order  to  explain  the  electrotonic  condition  he  as- 
sumes that  there  is  a rotation  of  the  bi-polar  molecules.  The  action  of 
the  current  upon  the  molecules  is  such  that  they  rotate  their  negative 
surfaces  toward  the  positive  pole  and  their  positive  surfaces  towards  the 
negative  pole  so  that  the  molecules  between  the  poles  are  arranged  in  the 
form  of  a voltiac  pile. 

(3)  The  contact  or  difference  theory.  Hermann  has  strongly  oppos- 
ed the  theories  of  Du  Bois  Raymond.  He  claims  that  in  the  uninjured 
muscle  no  current  is  found,  claiming  that  the  current  is  one  of  injurv pro- 
ducing the  death  of  a portion  of  the  muscle  fibre  and  thus  giving  rise  to 
the  difference  in  potential,  hence  called  the  difference  or  alteration  theory. 
He  claims  that  in  support  of  his  theory  a great  number  of  facts  may  be 
cited.  It  is  almost  impossible  to  prepare  a muscle  without  injury  be- 
cause of  the  connection  of  the  muscle  by  means  of  connective  tissue  with 
the  skin.  On  account  of  this  difficulty  Raymond  attempted  to  g*et  the 
currents  from  the  muscle  without  interfering  with  the  cutaneous  rela- 
tions, but  he  found  developed  in  connection  with  the  frog  strong  currents 
from  the  outside  internally.  He  tried  to  do  away  with  those  currents 
by  saturating  the  skin  with  saline  solution.  Hermann  objected  that  the 
saline  solution  had  an  effect  upon  the  muscle  acting  on  it  chemically  so 
that  the  current  obtained  was  one  of  injury.  In  connection  with  fish 
muscle  where  no  cutaneous  current  exists  no  current  is  obtained  from  the 
muscle  when  the  fish  is  subjected  to  curari.  Hermann  claims  that  in  the 
cardiac  muscle  when  uninjured  there  is  no  current  of  rest  although  there 
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is  a current  of  action.  Putting-  these  facts  tog-ether  Hermann  claims 
that  in  the  uninjured  striped  muscle  there  is  no  current.  According  to 
him  such  currents  exist  in  the  muscle  fibre  only  when  a portion  of  the 
fibre  is  dying  while  the  other  part  continues  to  live  so  that  when  the  whole 
muscle  is  dead  there  is  no  current.  According  to  this  the  current  orgin- 
ates  from  the  difference  between  the  living  part  and  the  dead  part  of  the 
muscle.  bv  the  use  of  the  gastrocnemius  muscle  he  has  atttempted  to 
measure  the  amount  of  the  current  resulting  from  an  injury  to  the  mus- 
cle; the  current  obtained  in  the  normal  muscle  he  calls  current  of  ac- 
tion. This  current  passes  from  the  longitudinal  to  the  transverse  surface 
of  the  muscle  and  he  claims  that  this  current  of  action  precedes  the  con- 
traction of  the  muscle.  This  corresponds  according  to  Hermann  with 
the  negative  variation,  but  he  does  not  admit  that  any  negative  variation 
can  exist  in  the  case  of  the  uninjured  muscle.  By  the  use  of  the  rheotome 
Bernstein  found  by  stimulating  the  muscle  that  it  did  not  give  a current 
of  rest,  a double  deflection  of  the  needle  representing  a negative  and  a 
positive  variation.  He  found  that  this  variation  was  transmitted 
through  the  muscle  at  the  same  velocity  as  the  wave  of  contraction. 
From  this  he  concludes  that  the  negative  variation  or  current  of  action  is 
connected  with  the  transmission  of  the  wave  of  contraction  so  that  while 
the  wave  passes  each  irritated  muscle  point  comes  to  be  negative  to  a 
point  which  continues  at  rest.  This  means  that  when  the  wave  has  reach- 
ed a certain  point  it  comes  to  be  negative  to  a point  that  is  still  beyond  the 
wave.  When  a muscle  is  fully  tetanized  there  is  no  current  of  action.  If 
the  Raymond  theory  is  correct  then  we  would  expect  that  in  the  living 
human  muscles  there  would  exist  currents  and  that  a negative  variation 
would  be  found  in  connection  with  voluntary  contraction.  This  however 
is  not  found.  By  saturating  the  hand  in  a saline  solution  and  then  con- 
tracting the  muscles  of  one  arm  there  is  a deflection  of  the  needle  and  by 
contracting  the  other  arm  the  deflection  of  the  needle  is  in  the  opposite 
direction.  Raymond  considers  this  a negative  variation  but  Hermann 
says  there  is  no  muscle  current  but  that  it  is  a skin  current  and  that  it  is 
due  to  the  saline  solution  with  which  the  skin  is  saturated,  in  other  words 
it  implies  a secretion  current.  According  to  Hermann,  therefore,  all 
the  muscle  currents  are  due  to  two  kinds  of  physiological  cliang'e;  (a)  the 
part  of  the  muscle  dying  being  negative  to  the  part  living;  (b)  irrita- 
tion of  a part  of  a muscle  causes  it  to  be  negative  to  the  unirritated 
part. 

According  to  Hermann  when  protoplasm  begins  to  die,  the  dying  por- 
tion becomes  negative  to  the  uninjured  part;  when  it  is  irritated  it  be- 
comes negative  to  the  unirritated  part;  when  it  is  cooled  and  warmed  it  be- 
comes negative  and  positive  to  the  normal  part;  and  the  surface  of  the 
muscle  is  very  strongly  polarizable,  polarization  decreasing  with  the  death 
of  the  muscles.  Hence  purely  passive  muscle  is  without  any  electrical 
currents,  the  currents  arising  from  an  injury  or  irritation  of  some  kind. 
Hence  when  an  injury  takes  place  in  a muscle  or  nerve  there  is  a part  of 
the  substance  that  is  dying  and  this  part  is  negative  to  the  intact  part  so 
that  there  is  a demarcation  current.  When  the  part  is  completely  dead  it 
loses  its  negativity,  this  taking  place  in  the  nerves  as  far  as  the  first  node 
of  Ranvier.  This  seems  to  indicate  that  the  existence  of  currents  inordi- 
nary muscle  and  nerve  cannot  be  sustained.  During  the  activity  of  mus- 
cle and  nerve  as  we  have  seen,  there  is  an  action  current.  In  the  muscle- 
nerve  preparation  including  the  gastrocnemius  muscle  with  the  sciatic 
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nerve  of  the  irog,  by  the  sciatic  being-  dissected  out  from  the  spinal  cord 
to  the  knee,  by  making-  a transverse  section  of  the  muscle  and  allowing 
the  nerve  to  fall  on  the  transverse  section  the  limb  will  contract  on  the 
passage  of  a current  from  the  transverse  to  the  long-itudinal  surfaces. 
In  this  case  we  have  contraction  without  any  metallic  substances. 

When  a constant  current  is  made  to  pass  throug-h  a nerve  the  nerve 
is  said  to  be  in  an  electrotonic  condition.  There  is  in  this  electrotonic 
condition  a modification  of  the  neural  properties.  These  modifications 
consist  of  changes  in  electromotivity,  in  irritability  and  in  conductivity, 
f 1)  Electromotivity.  By  arrang-ing-  a nerve  so  that  the  transverse  section 
rests  on  one  electrode  and  the  long-itudinal  on  the  other  there  will  be 
found  a strong-  current.  By  passing-  a constant  current  throug-h  the  nerve 
end  projecting-  beyond  the  nerve  point  on  the  electrode  and  by  sending-  a 
current  in  the  same  direction  as  that  of  the  nerve  there  will  be  an  in- 
crease of  the  nerve  current  representing-  what  is  called  the  positive  aspect 
of  electrotone.  This  increase  in  current  becomes  greater  as  the  length 
of  the  nerve  is  increased.  By  sending-  the  current  in  the  opposite  direc- 
tion to  that  of  the  nerve  the  electromotive  force  of  the  nerve  is  diminished 
and  this  is  called  the  neg-ative  aspect  of  electrotone.  Hence  a constant 
current  pi'oduces  a change  in  the  electromotive  force  on  the  part  of  the 
nerve  throug-h  which  the  current  passes  and  also  in  the  part  bevond  the 
electrodes.  This  condition  is  called  the  electrotonic  condition.  In  the 
case  of  a secondary  contraction  or  tetanus  of  a nerve  it  depends  upon  this 
electrotone;  for  example,  in  the  case  of  the  sciatic  nerve  it  divides  into  a 
tibial  and  a peroneal  branch;  if  the  sciatic  is  divided  above  their  point  of 
junction  and  the  peroneal  branch  is  then  cut  and  stimulated  by  a constant 
current  the  muscle  in  connection  with  the  tibial  branch  of  the  nerve  will 
contract.  A similar  electrotonic  condition  is  produced  in  the  muscle  by 
the  constant  current  so  that  if  the  current  is  in  the  same  direction  as  the 
muscle  current  it  is  increased  and  if  in  the  opposite  direction  it  is  de- 
creased. By  passing-  a constant  current  throug-h  a nerve  the  nerve  stim- 
ulation produces  a variation  in  the  current.  This  arises  not  from  the 
nerve  resistance  but  from  chang-es  in  connection  with  the  commotion  as  it 
passes  along-  the  nerve.  By  passing-  a Voltai  current  throug-h  a nerve 
and  the  intrapolar  region  in  connection  with  a g-alvanometer  as  soon  as  the 
current  is  opened  there  will  be  found  a deflection  either  in  the  same  direc- 
tion or  in  the  opposite  direction  or  the  deflection  may  take  place  first  in 
one  direction  and  then  in  the  other.  These  electromotive  results  in  the 
case  of  polarized  nerves  are  capable  of  explanation  on  the  basis  of  the  fact 
that  when  the  polarizing- current  is  flowing-  the  conductivity  of  the  nerve  in 
connection  with  the  impulse  is  lessened  at  the  neg-ative  pole  and  that  when 
the  current  is  opened  the  reverse  of  this  is  the  case.  (2s)  Electrotonic 
irritability.  As  we  have  seen  when  a nerve  is  traversed  by  a constant 
current  it  becomes  electrotonic  involving  a variation  in  irritability  as  well 
as  in  electromotivity.  This  change  passes  over  the  entire  nerve  both  in- 
trapolar and  extra-polar.  The  irritability  is  lessened  at  the  positive  pole 
and  increased  at  the  negative  pole.  Between  the  poles  there  is  a point 
that  is  indifferent  where  the  irritability  is  unaltered.  In  the  case  of  a 
feeble  current  this  neutral  point  is  nearer  the  positive  pole  and  in  the  case 
of  a strong  current  nearer  the  negative  pole;  in  the  former  case  a larger 
part  of  the  intrapolar  region  being  irritable  than  in  the  latter  case. 
Where  the  currents  are  very  strong  conductivity  at  the  positive  pole  is 
very  much  lessened  and  in  some  cases  conductivity  may  be  impossible. 
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The  extrapolar  area  becomes  larger  as  the  current  is  increased,  the 
electrotonic  effect  being-  increased  as  the  leng-th  of  the  nerve  is  in- 
creased. 

Stimulation  of  a nerve  takes  place  at  the  time  the  electrotone  appears 
and  disappears,  in  other  words  at  the  opening-  and  closing-  of  the  current. 
(1)  At  the  closing- of  the  current  the  stimulation  takes  place  at  the  nega- 
tive pole;  (2)  at  the  opening  of  the  current  it  takes  place  at  the  positive 
pole,  so  that  (3)  the  stimulation  of  the  closing  is  stronger  than  that  at  the 
opening  of  the  current.  These  principles  apply  in  the  case  of  all  nerves. 
In  the  case  of  a constant  current  the  opening  and  closing  contraction 
varies  with  the  direction  of  the  current  and  also  with  the  strength  of  the 
current,  the  feeble  current  producing  only  the  closing  contraction,  the 
moderate  current  both  an  opening  and  closing  contraction  and  the  strong 
current  only  a closing  contraction.  In  the  case  of  a nerve  when  dying 
there  is  a modification  of  the  law  of  contraction,  when  the  irritability  is 
increased  feeble  currents  produce  only  the  closing  contraction;  when  the 
irritability  begins  to  lessen  feeble  currents  produce  both  opening  and 
closing  contractions;  and  when  the  irritability  is  greatly  lessened  there  is 
only  the  one  contraction,  either  opening  or  closing.  The  same  laws  ap- 
ply to  the  sensory  nerves  as  to  the  motor  except  that  the  organs  of  the 
reception  lie  in  the  central  system.  In  the  alteration  of  muscle  and  nerve 
under  electrical  stimulation  when  the  alteration  becomes  qualitative  and 
quantitative  then  there  is  what  is  called  the  reaction  of  degeneration. 
Muscle  irritability  is  decreased  in  connection  with  the  induced  current, 
while  it  is  increased  in  connection  with  the  constant  current;  after  eight 
or  nine  weeks  there  is  a slight  increase  followed  by  a still  further  de- 
crease. In  the  case  of  the  nerves  there  is  both  a decrease  to  the  induced 
and  to  the  constant  current.  There  may  be  a degenerative  reaction  be- 
fore paralysis  takes  place,  as  in  the  case  of  lead  poisoning.  This  depends 
upon  the  condition  of  the  nerves  either  the  fibres  or  the  cells.  When  this 
reaction  is  fully  established  the  stimulation  of  the  nerve  with  the  constant 
or  induced  current  does  not  produce  contraction  of  the  muscle;  stimula- 
tion of  the  muscle  directly  with  the  induced  current  does  not  produce 
contraction  while  the  constant  current  stimulates  the  muscle  even 
more  readily  that  in  normal  muscle  conditions,  although  the  contraction 
becomes  tonic  and  is  longer  than  normal  indicating  a tendency  to  tetanus. 
When  the  paralysis  originates  cerebrally  the  irritability  under  electrical 
stimulation  is  not  affected.  The  same  is  true  of  primary  paralytic  condi- 
tions of  the  spinal  cord  while  in  cases  of  paralysis  originating  from  injury 
and  in  some  cases  where  there  is  paralysis  produced  from  other  causes  as  in 

lead  paralysis  and  rheumatic  facial  paralysis  there  is  the  degenerative 
reaction. 

1 he  laws  of  electro-physiology  in  connection  with  muscle  and  nerve 
may  be  stated  as  follows:  (1)  All  the  different  parts  on  the  surface  of  a 

muscle  when  not  injured  and  in  a resting  condition  have  the  same  electrical 
potential.  (2)  If  a part  of  a muscle  or  nerve  is  injured  that  part  repre- 
sents a higher  potential  than  a point  that  is  uninjured  and  hence  repre- 
sents the  flow  of  an  electric  current.  (3)  Any  part  that  is  unirritated  in 
the  muscle  or  nerve  surface  represents  a higher  potential  that  an  irritated 
point  so  that  here  there  is  also  a current  of  electricity.  If  a current  is 
passed  in  connection  with  the  un polarizable  electrodes  through  a muscle 
and  nerve,  there  will  be  found  a negative  polarization  current  in  the  oppo- 
site direction,  the  polarization  being  distributed  all  over  the  intrapolar  re- 
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g-ion  representing- an  internal  polarization  arising-  from  the  individual  ele- 
ments in  the  tissue.  As  this  polarizing-  current  is  flowing-  there  are  found 
appreciable  changes  especially  in  the  extrapolar  reg-ion  and  particularly 
in  the  case  of  the  nerve.  These  currents  are  called  the  electroione  cur- 
rents and  depend  on  the  diffusion  of  the  polarizing- current  along  the  nerve 
path  beyond  the  electrodes. 

Electricity  is  made  use  of  therapeutically  (1)  in  diagnosis.  Here  the 
induced  current  may  be  used  as  a test  of  muscle  and  nerve  irritability  in 
connection  with  the  moistened  skin.  In  this  way  the  current  passes  over 
the  skin  without  affecting  it  passing  internally  into  the  muscle  or  nerve. 
If  the  sensibility  of  the  skin  is  to  be  tested  then  the  current  is  applied  to 
the  skin  dry  and  powdered,  the  current  being  used  up  to  the  point  of  pain 
in  testing  the  difference  in  sensibility.  Electricity  forms  a convenient 
method  of  testing  in  paralysis  for  the  cause  of  the  condition.  The  lesion 
may  be  either  central  or  peripheral,  that  is,  a lesion  which  cuts  off  the 
muscles  from  the  higher  centers  or  from  the  lower  centers.  In  the  for- 
mer case  the  lesion  would  exist  in  the  brain  or  in  the  cord  above  the  point 
of  origin  of  the  spinal  nerves;  in  the  latter  case  the  lesion  would  be  in  the 
centers  that  are  at  the  point  of  leaving  the  cord  or  in  the  peripheral 
nerves.  In  the  former  case  the  muscles  and  nerves  are  still  connected 
with  the  spinal  centers  so  that  by  the  use  of  electricity  in  the  case  of  a 
central  lesion  the  muscles  and  nerves  would  not  have  lost  their  irritability. 
In  the  case  of  the  periphei'al  lesion  the  muscles  and  nerves  are  separated 
from  the  cord  centers  so  that  the  trophic  influences  are  shut  off,  the 
nerves  degenerating  and  the  muscles  being  similarly  affected.  In  this 
case  the  irritability  of  the  muscles  and  nerves  is  lessened  and  isgraduallv 
lost.  It  is  found  in  some  cases  of  peripheral  lesions  that  when  no  re- 
sponse is  gained  to  the  induced  current  there  is  still  a response  to  the  di- 
rect current  subject  to  interruption.  This  is  explained  on  the  basis  of 
the  fact  that  the  muscle  responds  more  freely  to  the  direct  current  when 
interrupted  because  the  currents  are  of  longer  duration.  As  the  degen- 
eration advances,  however,  even  the  direct  current  will  cease  to  gain  a re- 
sponse. This  reaction  of  degeneration  is  found  in  rheumatic  facial  par- 
alysis, neuritis,  lead  palsy  and  in  lesions  of  the  cells  of  the  anterior  horns 
of  the  gray  matter  of  the  spinal  cord  as  well  as  in  paralysis  due  to  the  in- 
jury of  the  nerve  trunks.  In  cases  of  the  supposed  presence  of  foreign 
substances  like  bullets  in  the  body,  the  constant  current  is  often  used  in 
connection  with  a probe  that  is  passed  into  the  wound,  connection  being 
established  with  a galvanometer  so  that  when  the  probe  comes  into  con- 
tact with  the  metallic  substance  the  deflection  will  indicate  its  presence. 
The  induced  current  is  also  used  to  find  out  whether  the  muscles  are  dead 
as  in  two  or  three  hours  after  the  death  of  the  muscles  there  is  no  re- 
sponse to  stimulation.  (2)  Electricity  is  made  use  of  as  a therapeutic 
agent,  for  example,  in  the  case  of  neuralgia  with  the  object  of  soothing  the 
pain.  The  feeble  current  is  made  use  of  so  as  to  excite  anelectrotonus  in 
connection  with  the  nerve  and  thus  lessen  the  excitability.  In  rheumatic 
neuralgia  the  catalytic  effects  are  produced  with  the  object  of  scattering 
the  inflammatory  products.  In  hyperaesthesia  the  induced  currents  are 
used  to  produce  over  stimulation  and  therefore  to  produce  a numbness  of 
the  parts.  The  use  of  the  weak  current  will  produce  an  acceleration  of 
the  blood  flow,  an  increase  of  the  cardiac  action  and  a constriction  of  the 
blood  vessels.  In  cases  of  headache,  feeble  currents  may  be  used,  one 
electrode  being  placed  on  the  forehead  and  another  at  the  upper  part  of 
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the  neck.  In  case  of  spasms  the  constant  current  is  the  best  form  of 
electricity  for  use.  An  electrotonic  condition  is  produced  so  that  the 
excessive  excitability  is  lessened.  In  order  to  produce  this  the  positive 
pole  is  placed  on  the  part  with  increased  irritability,  the  weak  current  of 
uniform  intensity  being-  most  effective.  In  wry  nec.k  direct  application  is 
made  to  the  affected  part.  By  the  use  of  the  constant  current  there  is  an 
increase  of  control  over  the  muscles  and  the  effect  is  to  remove  any  irrita- 
ting- substance  that  may  be  found.  The  induced  current  is  made  use  of 
in  spasmodic  affections  such  as  tremors  to  invig-orate  the  enfeebled  mus- 
cles, the  muscles  when  in  a condition  of  contracture  being-  more  easily  ex- 
tended under  the  influences  of  the  induced  current. 

The  most  common  use  of  electricity  is  in  connection  with  paralysis. 
The  induced  current  may  be  applied  either  to  the  muscle  or  to  the  motor 
nerves  before  they  reach  the  muscle.  The  purpose  is  to  produce  move- 
ments of  the  muscle  and  so  to  prevent  the  inert  condition  which  is  sure  to 
result  in  deg-eneration.  There  is  also  in  connection  with  the  use  of  the  in- 
duced current  a stimulation  of  the  blood  flow  increasing-  the  muscular 
metabolism.  The  constant  current  may  also  be  used  in  connection  with 
its  opening-  and  closing-  as  a stimulus.  In  connection  with  a constant  cur- 
rent there  is  a recuperative  effect  on  fatigued  muscles  by  the  passag-e  of 
a previous  current  throug-h  them.  If  the  paralysis  is  in  the  motor  nerves 
the  electricity  is  broug-ht  to  bear  upon  the  nerves,  the  current  being- 
feeble  so  as  to  prevent  tetanus  in  the  muscle  which  would  produce  ex- 
haustion. A dying-  nerve  in  connection  with  a muscle  does  not  respond 
freely  to  quickly  interrupted  currents.  In  the  case  of  facial  paralysis 
the  constant  interrupted  current  is  best  because  there  is  a long-er  dura- 
tion in  the  current  between  the  interruptions.  Hence  in  using-  the  cui'- 
rent  therapeutically  two  things  must  be  considered,  namely,  the  strength 
of  the  current  and  the  duration  of  the  current.  In  partial  asphyxiation 
due  to  chloroform  or  in  the  lessened  respiratory  action  associated  with 
opium  poisoning  the  induced  current  may  be  applied  to  the  phrenic  nerves, 
one  electrode  being  placed  over  the  scalenus  anticus  and  the  other  in  the 
sixth  or  seventh  intercostal  region. 

(3)  In  electro-surgery  electricity  has  been  applied.  In  connection 
with  electrolysis  the  constant  electric  current  disintergates  the  tissues. 
Thus  it  is  applied  in  the  decomposing  of  tumors,  the  negative  pole  having 
a greater  caustic  effect  than  the  positive.  The  negative  pole  is  attached 
by  means  of  needles  that  are  put  into  the  tumor  while  the  positive  pole  is 
placed  at  an  indifferent  part  of  the  body.  In  cases  of  aneurism  the  gal- 
vano-puncture  method  is  used  to  produce  coagulation  in  the  aneurismal 
sac.  In  the  cautery  the  electric  currents  are  also  used,  the  electrodes  be- 
ing made  of  platinum  on  account  of  their  readiness  to  become  red  hot.  In 
the  use  of  this  method  of  cauterizing  the  tumor  may  be  rapidly  cut 
through  and  hemorrhages  prevented  because  of  the  action  of  the  current 
in  producing  coagulation.  If  a current  of  electricity  is  passed  through 
defibrinated  blood  the  proteid  matter  coagulates  at  the  positive  pole  and 
the  gas  is  collected  at  the  negative  pole.  In  amputation  in  connection 
with  the  tongue  the  cauterizing  loop  is  very  commonly  used.  The  gal- 
vano-cautery  knife  is  also  used  commonly,  particularly  in  small  passages 
like  the  throat  and  the  nasal  cavity,  as  in  hypertrophied  conditions  of  the 
lining, in  enlarged  tonsils  and  in  haemorrhoidal  conditions  of  the 
1 hese  are  bnt  indications  of  the  importance  attached  toelcctri- 
connection  with  its  physiological,  therapeutic  and  surgical  ap- 
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plication. 

Electrical  Fishes.— Some  very  interesting-  facts  in  connection  with 
animal  electricity  are  found  in  the  fishes.  This  is  made  use  of  as  a means 
of  illustrating-  the  action  of  muscles  and  nerves  in  connection  with  elec- 
tricity. The  work  of  Raymond,  Burdon-Sanderson  and  Sachs  is  especial- 
ly interesting-  along-  this  line.  There  are  found  to  be  about  fifty  different 
kinds  of  thes^  electrical  fishes;  very  few  of  these  however  have  been  in- 
vestigated. The  subject  is  the  more  wonderful  when  it  is  found  that 
thci  e is  a 1 egulai  electi  ical  appai  atus  and  that  it  is  used  as  a means  of 
defense  in  connection  with  the  fish  life.  The  best  known  specimens  of 
these  are  the  torpedo  found  in  the  Mediteranean;  the  gymnotus  an  eel  like 
fish  found  in  the  lagoon  region  of  South  America;  the  malapterurus  or  the 
thundering  fish  of  the  Arabs  found  in  the  Nile  River;  the  mormvrus  a 
form  of  pike  found  in  the  Nile;  the  Rhinobatus  found  in  Brazilian  waters 
and  the  trichiurus  found  in  the  Indian  Ocean;  and  the  raia  batis  or  skate 
found  along  the  American  coast.  Tiw.  e electrical  fishes  have  been  well 
known  from  ancient  times,  Aristotle  escribing  the  effect  of  torpedo 
shocks  upon  fishermen  and  the  malapicrurus  being  historically  known 
among  the  Egyptians  in  very  early  times.  In  the  torpedo  there' are  two 
electrical  organs  which  lie  immediately  beneath  the  skin,  flat-shaped 
bodies  on  either  side  of  the  head.  The  electrical  organ  is  made  uf  ■ f 
about  800  prisms  of  a hexagonal  nature  lying  in  a vertical  direction  be- 
tween  the  dorsal  and  abdominal  tegument  separated  from  each  other  hy  a 
series  of  membranes.  In  these  organs  there  are  a large  number  of  elec- 
trical plates  each  plate  being  furnished  with  a nerve  fibre,  the  plates  be- 
ing separated  by  a gelatinous  substance.  In  each  organ  there  are  esti- 
mated to  be  about  500,000  of  these  plates.  In  this  wav  we  have  a strong 
electric. battery  divided  into  a series  of  compartments  each  compartme~nt 
being  freely  supplied  with  nervous  connection.  Each  of  the  nerve  fibres 
as  it  enters  the  prism  is  divided  up  into  a large  number  of  fibrils  each 
plate  receiving  a fibril.  The  nerve  connections  are  established  in  connec- 
tion with  the  trigeminal  and  the  vagus  nerves.  Ip  the  prism'the  nerve 
ramification  is  found  in  a very  vascular  substance,  each  prism  represen- 
ting an  electric  pile,,  the  piles  being  vertical  and  the  plates  being  horizon- 
tal. Tile.,  nerves  originate  from  the  electric  lobe  that  lies  between  the 
corpora  quadrigemina  and  the  medulla.  . These  electric  fibres  pass 
through  the  gills  entering  into  the  organ  in  connection  with  five  branches, 
four  from  the  vagus  and  one  from  the  trigeminal.  After  entering  they 
divide,  the  branches  running  between  the  prisms  and  entering  at  the 
middle  of  the  prism.  The  chief-  nerve  enters  the  center  of  the  prisin', 
the  individual  fibrils  passing  in  a straight  line  along  the  column  and 
entering  into  the  plates.  After  reaching  the  plate  the  fibril  divides  into 


lay 


two,  all  of  the  plates  having  corresponding  fibrils. 

According  to  Ranvier  between  each  pair  of  plates  there  are  four 
ers,  (1)  a layer  of  nervous  tissue  consisting  of  a superficial  part  in  which 
is^  found  the  nerve  fibrils  and  a deeper  layer  which  manifests  peculiar  cilia 
sb  iped  hairs Which  lie  alongside  each  other;  (21  an  intermediate  layer 
consisting  of  a superficial  part  of  delicate  ([granular  matter  and  cleeper 
part  of  more  coarse  granular  matter  in  which  is  found  the  nuclei;  (3)  A 
third  layg-r  of  delicate  clear  tissue  which  Ranvier  calls  the  dorsal  lamella; 
and  (4)  a connective  tissue  layer  which  forms  the  septa.  In  this  organ 
we  find  a close  relation  to  the  muscle  issue.  Fritseh  has  found  that  the 
torpedo  in  its  history  passes  through  three  stages,  the  first  -called  squali- 
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form  in  which  there  is  a resemblance  to  the  embryo  of  the  shark;  second 
tfie~raiform  stage  in  which  the  characteristics  of  the  skate  are  manifest, 
and  the  third  stage  in  which  the  true  torpedo  character  is  developed  in 
connection  with  the  Formation  of  the  electric  organ.  Iu  its  . embryonic, 
condition  this  electric  organ  is  very  like  embryo  muscle  manifesting-  the 
distinct  muscle  striation  with  large  numbers  of  nuclei.  In  later  develop- 
ment the  striation  disappears  the  nuclei  are  enlarged  and  increased  in 
number,  this  process  going  on  until  the  organ  becomes  particularly  differ- 
entiated. In  the  torpedo  this  electric  organ  is  substituted  for  the  ex- 
ternal muscles  of  the  gills.  In  the  ordinary  shark  these  muscles  repre- 
sent strong  muscles  in  connection  with  the  movements  of  the  lower  jaw. 
In  the  torpedo  these  muscles  are  not  found,  the  electric  organ  being  sub- 
stituted for  them. 

In  the  gymnotus  we  find  four  different  electric  organs,  a pair  on  each 
side  extending  from  tne  nns  in  the”  pectoral  region  towards  the  tail. 
Theseelectric  organs  are  much  larger  in  size  than  those  found  in  the  tor- 
pedo. The  visceral  organs  in  the  gymnotus  are  found  to  occupy  only  a 
small  portion  of  the  front  part  of  the  body.  In  each  electric  organ  we 
find  a series  of  plates  following  the  longitudinal  axis  of  the  body.  There 
is  a division  by  means  of  delicate  vertical  lamina  each  lamina  consisting  of 
two  separate  layers  between  which  is  found  a liquid.  In  the  posterior  laver 
we  find  the  ramification  of  the  nerves  while  in  the  anterior  layer  there  is  a 
very  vascular  tissue.  Between  the  layers  there  is  found  a fluid  quite 
different  from  that  which  is  found  between  the  posterior  and  the  anterior 
diaphragm  of  the  next  lamina.  The  characteristic  of  the  fluid  is  its  albu- 
minous nature.  According-  to  Fritsch  there  are  found  in  the  organ  a 
series  of  ^epta  consisting  of  connective  tissue  the  electric  plates  lying  be- 
tween these  partitions.'  In  connection  with  these  partition/s  there  is  found 
an  albuminoid  substance.  On  the  anterior  surface  of  the  plate  there  are 
found  a large  number  of  projections  with  rounded  extremitiesin  connection 
with  which  are  found  granule  cells.  Lying  between  these  projections  and 
the  anterior  septum  of  connective  tissue  is  found  a mucous  fluid  in  connec- 
tion with  which  there  are  found  cells.  The  middle  portion  of  the  plate  is 
loundtobe  very  clear  although  when  removed  from  the  body  there  isfound  to 
bean  (.qi.atoriajjinedividingthe  plateintwo.  On  the  posterior  surface  of  the 
plate  there  are  also  found  projections  differing  in  size,  some  being  round- 
ed and  others  conical  as  well  as  longer  in  size,  the  latter  extending  to  the 
posterior  septum  of  the  connective  tissue.  According  to  Fritsch  these 
are  the  portions  of  the  organ  in  which  the  terminals  of  the  electric  nerves 
are  lound.  J he  nerve  fibrils  are  found  to  pass  over  the  anterior  portions 
o,  the  septa  and  before  they  enter  the  projections  they  lose  their  modul- 
ation entering  the  plate  simply  as  an  axis  cylinder.  The  small  fibrils 
enter  into  the  posterior  surface  of  the  plate.  These  plates  originate 
out  of  muscle,  each  plate  corresponding  with  a number  of  original  muscle 
fibres  bound  together.  In  some  places  the  plates  are  found  to  correspond 
with  the  individual  groups  of  fibres  there  being  a longitudinal  dividing-  line 
separating  thegroups.  In  other  cases  the  dividing  line  is  found  to  be  trans- 
verse. In  the  gymnotus-tlie  cells  with  which  the^  electric^  organ  is  con- 
iiected  arc  found  to  be  throughout  the  spinal  rnrrl-  The  electric  organ 
is  not  large  beThg  flat  shapea  in  the  anterior  portion,  flattened  at  the  pos- 
terior portion  and  rounded  at  the  central  part.  Iiu  connection  with  j;hc 
spinal  cord  there  are  found  to  be  connections  In  the  form  of  cells,  these 
cells"  being  surrounded  by  the  central  canal  of  the  spinal  cord.  Arising- 
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^rom.the -£rocesses  of  these  cells  are  found  the  axis  cylinders  which  n 
out  through  the  anterior  group  From  the  spinal  h'oVd  to  the'  electric  or^-an 
Theseelectric  groups  go  side,  bysidc  with  the  motor  root  to  thWmtorv.-r- 
tej^rforametL  The  other  processes  of  these  electric  cells  in  the  spinal 
cord  enter  the  neuroglia  their  termination  being  unknown.  These  elec- 
tric cells  are  of  a circular  shape  being  found  to  consist  of  very  gran.j]ar 

matter  with  characteristic  polarity  in  connection  with  tne  axis  cylinder 
In  connection  with  the  spinal  cord  the  normal  multipolar  cells  are  dimin- 
ished as  these  electric  cells  are  increased,  the  motor  cells  being  found  in 
the  anterior  horns  of  the  spinal  cord.  These  motor  cells  are  polygonal  in 
shape,  the  poles  not  being  so  distinct  as  those  found  in  connection  with 
electric  cells.  Fritsch  thinks  that  the  development  of  cells  is  from  motor 
to  electric  so  that  the  development  can  be  noticed  as  the  cell  becomes 
more  circular,  as  the  granular  matter  increases  and  the  polarity  becomes 
more  determinate.  He  has  traced  out  some  of  these  cells  in  the  process 
of  transition  in  connection  with  the  anterior  horns,  particularly  in  the 
cervical  part  of  the  spinal  cord.  Towards  the  lower  end  of  the  cord  there 
are  found  to  be  fewer  of  the  electrical  cells  the  distinction  between  them 
and  the  motor  cells  becoming  less  marked. 

In  the  case  of  the  malapterurus  the  electric  organ  consists  of  a deli- 
cate  laye r~~TyiHg~u nd e r the  skin  surrounding  Fhe  whole  body Except  the 
he.ad  and  the  portions  covered  by  the  fins.  It  is  separated  from  the  mus- 
cles that  lie  beneath  by  a layer  of  fatty  tissue.  In  this  electric  layer  there 
are  found  a number  of  spaces  which  are  filled  with  liquid,  the  electric 
substance  being  found  on  the  walls  of  these  spaces.  The  electric  sub- 
stance is  found  to  be  very  granular  with  double  nuclei.  ' In  connnectwn 
With  tbe  marginal  surfaces  there  are  found  to  be  striated  tubules.  In  con- 
nection with  the  nucleus  the  protoplasm  is  more  transparent,  the  broader 
tubular  portion  being  separated  from  the  narrower  and  more  indistinct 
portion.  Surrounding  each  of  these  spaces  there  is  found  to  be  a mem- 
branous substance.  Fritsch  considers  the  electric^substance  to_be  giant 
cells  ofthe  epithelial  form,  the  internal  surface  being  covered  with  a mucous 
liquid.  In  connection  with  the  cutaneous  surface  there  are  found 
peculiar  shaped  cells  with  two  nuclei  which  Fritsch  considers  to  be  inter- 
mediate forms  in  transition  towards  the  electric  cell  form.  The  electric 
substance  is  not  found  to  the  same  extent  in  all  parts  of  this  electrical 
layer  particularly  in  the  posterior  part  of  the  body.  These  peculiar 
shaped  cells  represent  the  electric  unit  according  to  FritsciTTTTero  being 
astnany  as  2,000,000  in  a single  malapterurus.  Fritsch  has  shown  that 
when  tne  nerve  reaches  the  electric  organ  it  enters  on  one  side  of  this 
space  as  a non-medullated  fibre  and  that  it  gradually  insinuates  itself  into 
the  electric  substance.  The  most  delicate  of  the  fibrils  that  are  found 
between  the  cells  represent  very  delicate  axis  cylinders  medullated  with 
the  characteristic  nodal  points.  As  the  nerve  becomes  larger  there  is 
found  to  be  an  axis  cylinder  and  medullary  substance,  the  nerve  itself  be- 
ing encompassed  by  connective  tissue  in  connection  with  which  the  capil- 
lary system  is  found  and  even  delicate  nerve  fibrils.  These  electric 
nerves  can  be  followed  to  the  spinal  cord,  are  found  to  be  developed  from 
a single  electric  nerve  whose  axis  cylinder  passes  into  the  cord  and  ter- 
minates in  one  of  the  giant  cells.  This  large  cell  is  found  to  have  a num- 
ber of  processes  which  are  united  together  in  the  formation  of  a plate  in 
connection  with  which  there  are  found  both  nerves  and  blood  vessels. 
The  axis  cylinder  as  it  originates  from  one  of  the  processes  of  this  plate 
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is  small  in  si/e  and  as  it  passes  out  it  furnishes  minute  fibrils  to  the  elec 
trie  nrcran.  Tn  connection  with  ttie  malapterurus  there  is  found  to  fie  a 
perfect  lateral  nervous  connection,  the  electric  nerve  being-  found  in  con- 
neclion  wiffi  the  trigeminal  nerve.  In  connection  with  the  electric  organ 
it  XvasTounct  by  Raymond  to  be  neutral  in  reaction  becoming-  acid  after 
death.  Hence  he  claims  that  it  is  analog-ous  to  the  nerve  tissue,  that  is 
found  associated  with  the  central  nervous  system  and  hence  characteris- 
tic nerve  tissue.  Landois  differs  from  Raymond  in  regarding  the  electric 
organ  as  a modified  muscle,  the  terminal  plates  corresponding-  with  the 
motor  plates  in  muscle,  these  terminal  plates  being  highly  developed,  so 
that  while  the  organ  is  active  there  is  really  only  an  electrical  variation 
without  any  chemical  change.  It  is  claimed  that  in  development  the 
organs  are  formed  just  as  the  muscles  are  formed  and  it  is  claimed  that 
they  contain,  if  not  myosin,  a substance  very  similar  to  myosin  which  is 
found  to  coagulate  after  death.  In  addition  to  this  it  is  said  that  they  be- 
come fatig-ued  and  when  subjected  to  stimulation  they  have  a latent 
period.  Marev  claims  that  in  the  discharge  of  electricity  they  pass  into  a 
process  that  is  analogous  to  tetanus.  Fritsch  claims  that  the  electrical 
organ  is  developed  out  of  cutaneous  glands  which  pass  through  a process 
of  modification. 

In  the  Raia  batis  or  skate  we  find  a fusiform  electrical  organ  just  be- 
neath  the  skin  on  eitner  side  of  the  tail.  This  organ  consists  of  a large  . 
number  of  longitudinal  discs,  these  discs  being  found  side  bv  side  in  rows 
with  two  separate  (fiscs  the  one  looking  forward  and  the  other. looking 
backward:-'  ~Qver  The  anterior  surface  there  is  found  to  be  a layer  of.ner-- 
vous  substance  in  connection  with  which  a number  of  nerve  fibres  termi- 
nate'j'ust' as  the  nerve  terminates  in  a muscle  plate.  On  either  sideyffthe 
spinal  cord  towards  the  tail  of  the  fish  there  is  found  underneath  the  skin 
an  elongated  body  which  consists  of  these  longitudinal  discs.  In  connec- 
tion with  the  discs  there  are  found  tubes  which  are  formed  by  dividing 
layers  of  connective  tissue.  The  anterior  surface  is  flattened  while  the 
posterior  surface  is  concave  and  in  it  there  are  found  a number  of  alveolar 
depressions.  There  is  thus  a similarity  between  the  electric  organ  of 
the  skate  and  the  gymiiofe,  the  nerves  arising  from  the  anterior  roots  of 
the  spinal  nerves,  these  nerves  passing  along  with  the  anterior  roots  and 
going  to  this  electric  organ.  It  is  not  supposed  that  there  are  any  special 
ganglion  cells  in  the  spinal  cord  that  may  be  called  electrical.  The  inost 
characteristic  of  the  electric  fishes  is  the  torpedo,  although  the  discharge 
<>f  electricity  in  connection  with  the  malapterurus  is  very  much  stronger. 
It  is  claimed  however  by  Raymond  that  the  strength  of  the  torpedo  shock 
is  lessened  very  materially  bv  the  salt  water  medium  in  which  it  is  placed 
and  hence  it  is  said  that  if  the  malapterurus  is  placed  in  the  same  salt 
water  medium  it  loses  a large  amount  of  its  electric  energy.  In  connec- 
tion with  the  torpedo  the  electric  organ  is  to  a certain  extent  subject  to 
the  control  of  the  will  because  when  stimulated  there  may  or  may  not  be 
an  electric  discharge.  By  removing  the  brain  and  then  irritating-  the 
organ  there  is  a discharge  of  electricity  on  the  same  side  as  the  irritation, 
h rom  this  it  is  claimed  that  the  electric  lobe  represents  the  electric  centers 
and  that-  these  may  be  stimulated  reflexly  by  stimulating  the  cutaneous 
surfaces  and  also  by  irrritating  the  nerve  that  passes  to  the  organ.  This 
reflex  discharge  is  found  to  consist  of  a succession  of  shocks  compared 
by  Marey  to  a tetanic  condition  of  the  muscle.  As  the  organ  is  excited 
the  discharge  takes  place  after  the  lapse  of  a latent  period,  tlotch  finding 


555 


PHENOMENA  OF  MUSCLE  AND  NERVE. 


that  there  is  a distinct  period  intervening-  between  the  stimulation  and  the 
response  in  the  discharge  of  electricity.  The  response  takes  place  after 
the  period  of  latency  very  suddenly,  a high  electromotive  power  being  de- 
veloped after  which  the  discharge  suddenly  stops.  By  heating  the  organ 
to  a temperature  of  20  or  25  degrees  C.  there  is  a stimulation  of  the  organ 
to  electric  discharge.  The  administration  of  curari  does  not  seem  to  af- 
fect at  all  the  stimulation  or  the  response  to  the  stimulation,  while  strvch- 
nine  seems  to  produce  a stimulation  which  causes  the  organ  to  discharge 
electricity.  Pacini  states  that  the  distribution  of  nerves  takes  place  to 
that  portion  of  the  electric  plate  which  is  found  to  be  negative  in  connec- 
tion with  the  discharge  so  that  in  the  torpedo  as  the  nerves  are  found  in 
the  under  portion  of  the  plate  the  electric  discharge  takes  place  from  the 
ventral  surface  posteriorly;  while  in  the  gymnote  the  negativity-  is  found 
in  the  postei  ioi  pai  t of  the  plate  and  hence  the  shocks  pass  from  the  pos- 
terior to  the  anterior  part  of  the  body.  Gotch  says  that  the  electric  dis- 
charge may  take  place  in  three  different  ways,  (1)  in  connection  with  the 
stimulation  of  the  nerves  either  directly  or  reflexly;  (2)  as  a result  of  a 
strong  current  passing  through  the  organ  which  produces  a very  strong 
discharge;  and  (3)  as  the  result  of  a thermal  or  mechanical  stimulation  in 
connection  with  the  organ.  In  connection  with  the  gymnote  an  electric 
discharge  may  take  place  bv  mechanically  stimulating  the  cutaneous 
surface.  The  resulting  discharge  is  slight  and  the  full  discharge  can  he 
foupd  only  when  the~‘current  passes  through  the  entire, circuiL-of— the 
body.  Sachs  found  that  by  placing  one  foot  on  the  head  and  another  on 
the  tail  a series  of  shocks  were  received  which  caused  considerable  pain 
and  at  some  times  were  sufficient^  strong  to  throw  him  down.  The 
gymnote  has  the  power  of  killing  fish,  frogs,  etc.  in  connection  with  the 
discharge  of  electricity.  The  passage  of  the  current  in  they  fish  is  from 
the  tail  to  the  head  so  that  any  part  nFThe  cntanepiif*  surface  is  pnaitivA  to 
the  posterior  parts  and  negative  to  the  anterior  parts.  The  gymnote  does 
not  seem’  to^ nave  the  bower  ol  controlling  the  direction  of  the  current 
although  it  has  tbe  power  of  defining  the  amount  of  the  organ  which  mav 
be  thrown  into  activity  so  that  it  can  limit  the  amount  of  the  electrical 
discharge.  In  the  case  of  the  malapterurus,  if  it  is  touched  a shack  will 
hn_xecerved.  Raymond  _s.a.v.slthat  the  discharge  of  electricity  may  be 
either  voluntary  or  reflex.  If  a^  frog  is  placed" in  contact  with  its~skin 
tetanus  is  produced  in  the  frog!  Compared  with  the  size  ot‘ the  fish  the 
electric  shock  is  very  strong.  By  seizing  the  fish  with  the  hands  particu- 
larly if  the  hands  and  the  cutaneous  surfaces  of  the  fish  are  well  moistened 
a strong  shock  passes  into  the  hands  and  arms.  Raymond  says  that  the 
shock  is  not  so  great  as  that  of  a Leyden  jar.  Gotch  says  that  a malap- 
terurus  can  give  to  the  fingers  a severe  shock  bytouening  the  head  and 
tail,  comparable  to  the  shock  produced  in  connection  with  three  Daniel 
cells.  He  says  that  a shock  can  also  be  obtained  if  the  fingers  are  placed 
in  the  water  surrounding  the  fish  while  it  is  discharging  electricity.  The 
electric  discharge  is  not  sufficiently  strong  for  the  electrolysis  of  water 
although  it  is  sufficiently  strong  to  decompose  iodide  of  potassium.  A 
point  of  the  organ  close  to  the  tail  is  found  to  be  positive  to  any  point  close 
to  the  head.  The  electric  discharge  passes  through  the  entire  body  of  the 
fish  and  the  discharge  when  accumulated  seems  to  strike  the  central  ner- 
vous system  vertically  to  its  axis.  By  irritating  the  electric  nerve  there 
are  found  to  be  emitted  a number  of  rapid  shocks.  Gotch  in  experimen- 
ting on  the  malapterurus  found  that  the  discharge  when  stimulated  elec-- 
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trically  in  connection  with  the  skin  does  not  take  place  reflexly  but  results 
from  a (Tirect  stimulation  of  the  electrical  organ.  In  connection  with  the 
skate  the  electric  discharge  takes  place  towards  the  taiTso  that  the  ends  of 
the  nerves  are  positive  to  the  nerve  trunks.  If  the  surface  of  the  body  is 
stimulated  mechanically  there  is  a rapid  series  of  electrical  discharges. 
The  anterior  portion  of  the  organ  is  negative  to  the  posterior  indicating 
that  there  is  a current  passing  along  the  organ  in  the  same  direction  as 
the  discharge  of  the  electric  current.  Raymond  has  tried  to  discover  in 
what  way  the  current  is  distributed  in  the  torpedo  claiming  that  the  elec- 
tric shock  passes  into  the  body  of  the  fish  and  becomes  most  dense  in  con- 
nection with  the  brain  and  the  spinal  cord.  He  found  that  the  currents 
flowed  from  the  margins  of  the  organ  to  the  mesial  line  and  in  the  visceral 
region  from  the  median  line  to  the  margin  going  through  the  brain  and 
spinal  cord  indicating  that  the  current  took  the  shortest  path  between  the 
most  active  portion  of  the  two  organs.  He  has  also  shown  that  the  curves 
which  mark  the  direction  of  the  currents  as  they  pass  out  from  the  dorsal 
region  in  connection  with  the  water  and  back  again  to  the  ventral  region 
are  directed  outwards;  and  that  on  account  of  the  larger  inclination  that 
is  found  in  connection  with  the  median  line  by  causing  the  current  to  be- 
come slanting  the  dorsal  region  of  the  fish  becomes  protected  while  the 
ventral  region  does  not  need  protection.  The  organ  current  represents 
a current  of  rest  which  is  found  in  all  electric  fishes  and  which  passes  in 
the  same  direction  as  the  electric  discharge.  Raymond  claims  that  ah 
important  function  is  discharged  in  connection  with  conductivity  the  in- 
sulating septa  having  an  important  function  to  discharge  in  connection 
with  this  conductivity.  The  current  passes  out  from  the  upper  end  of  a 
single  column  through  the  conducting  medium  to  the  lower  end  so  that 
the  current  curves  will  be  arranged  in  symmetrical  form  around  the  axis 
of  the'ccdumn.  In  this  way  the  current  curves  will  be  found  to  be  arrang- 
ed in  definite  order  in  collection  with  the  axis  of  the  column.  Gotch 
found  that  strong  currents  of  short  duration  produce  an  irritable  re- 
sponse in  connection  with  the  electric  organ  and  that  the  strong  current 
arising  from  this  response  is  found  to  be  a homodromons  current.  Gotch 
discovered  that  the  electric  organ  may  be  stimulated  secondarily  by  its 
own  electric  discharge  so  that  he  found  b\r  a single  stimulation  there 
resulted  a series  of  responses  at  intervals  of  about  .01  of  a second,  each 
successive  shock  being  weaker  than  the  one  preceding.  These  currents 
of  electricity  which  are  found  associated  with  the  electric  fishes  seem  to 
indicate  a close  relation  between  muscle  and  nerve  in  connection  with  the 
electric  stimulation.  In  the  torpedo  the  nerve  terminal  seems  to  be  anal- 
ogous to  the  motor  plate  in  muscle  and  in  the  malapterurus  to  the  glandular 
terminal  of  the  nerve.  The  nerve  commotion  which  is.  found  to _b.e  asso- 
ciated with  the  molecular  change  in  connection  with  the  nerve  produces  a 
change  in  the  end  organ  and  from  the  end  organ  it  is  transmitted  to  the 
surrounding  substance.  Associated  with  these  changes  is  a change  in 
potential,  one  part  becoming  negative,  the  negative  variation  passing 
through  the  organ  resulting  in  changes  in  connection  with  the  organ.  In 
connection  with  muscle  this  change  is  manifested  in  contraction^-in  con- 
nection \\nthjg<>1aftd-+t-4K  manifested  in  a rppUihnljc  change  and  in  ^onnec- 
11011  W|£h  ‘Li  electric  organ  in  the  discharge  of  electricity?  In  this  wav  it 
is  found  that  the  molecular  processes  taking  place  in  all  of  these'' changes 
are  simitar. 
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SECTION  VIII.  The  Unstriped  Muscle. 

This  muscle  as  far  as  it  is  at  present  understood  in  its  physical 
chemical  and  other  properties  resembles  the  striped  muscle,  but  differ- 
ences may  arise  on  a full  investigation  of  this  form  of  muscle.  When 
stimulated  either  directly  by  mechanical  or  thermal  stimuli  invol- 
untaiy  muscle  contracts,  but  there  are  certain  variations  in  the 
contractions  as  compared  with  the  voluntary  muscle.  The  con- 
traction is  preceded  by  a long-  latent  period;  the" period  of  latent  stimula- 
tion being-  very  much  longer  than  in  the  case  of  the  striated  muscle.  The 
contraction  takes  place  slowly  and  lasts  some  time  and  the  period  of  re- 
laxation is  also  prolong-ed.  The  general  character  of  the  contraction  may 
be  best  seen  4nThemavein£Jit.ofJ;he_nitestines^  in  the  case  of  a recently 
killed  warm  blooded  animal.  In  the  nesphagus,  intestines  etc.  the  muT 
culai  fibi  es  aie  ai  tanged  in  an  outer  longitudinal  and  an  inner  circular 
set.  When  stimulated  at  one  point  the  fibres  at  that  point  contract  and 
the  wave  of  contraction  slowly  passes  along  the  tube  affecting  both  longi- 
tudinal and  circular  fibres.  This  constitutes  a peristaltic  action  or  wave. 
Marey  has  shown  that  the  contraction  of  nonstriated  muscles  is  not  made 
up  of  a series  of  smaller  contractions  as  in  the  striated  muscles,  because 
most  of  the  former  are  under  the  control  of  the  will,  while  the  TatkrraiTa 
jule  are  not  subject  to  any  influences  from  the  will.  There  are  however 
many  exceptions  to  this  general  statement;  thus  the  heart  which  acts  in- 
voluntarily is  composed  of  a variety  of  striped  muscle  and  many  of  the 
striped  muscles  act  under  the  influence  of  voluntary  stimulation.'  Many 
of  the  striped  muscles  act  in  health  and  disease  without  any  prompting  of 
the  will  or  any  stimulation  from  the  will.  Probably  the  reason  for  the  em- 
ployment of  one  kind  rather  than  the  other  for  any  particular  purpose  will 
be  found  in  the  fact  that  the  action  of  the  one  is  prompt  and  rapid  while 
that  of  the  other  is  slow  and  prolonged.  According  to  Engelmann  there 
may  be  radiation  of  impulses  in  the  unstriped  muscle.  In  connection 
with  the  unstriped  muscle  of  the  organs  in  which  it  is  found  we  usuallv 
find  rhythmical  movements.  There  must  be  considerable  strength  as- 
sociated with  this  kind  of  muscle  because  in  the  bladder  and  uterus  we 
find  a great  force  exerted  in  connection  with  micturition  and  parturition. 
The  unstriated  muscle  is  found  usually  as  layers  in  connection  with  the 
coatings  of  the  organs  of  which  they  form  a part.  The  contraction  takes 
place  slowly  and  is  continued  as  a slow  and  sluggish  wave  movement 
around  the  muscle.  These  muscles  are  like  the  cardiac  muscles  in  this 
respect  but  they  cannot  be  tetanized.  The  contraction  that  represents 
the  slowest  movement  seems  to  be  in  connection  with  the  cells  of  the  ves- 
sel walls,  a condition  of  tonic  partial  contraction  being  preserved  which 
periodically  undergoes  a rhythmic  variation.  In  the  uterine  walls  the 
strongest  form  of  the  unstriated  muscle  is  found,  the  contraction  being- 
very  similar  to  the  contraction  of  blood  vessels  the  contraction  taking 
place,  however,  more  quickly,  the  relaxation  representing  also  longer 
periods.  In  the  intestines  the  unstriped  muscle  represents  the  most 
rapid  contractile  motion. 

The  special  location  of  the  smooth  muscle  is  in  the  composition  of 
complex  organs  like  the  intestines.  It  is  for  this  reason  that  less  is 
known  of  the  unstriped  muscle.  It  is  found  to  contain  albumin,  globu- 
lin in  some  of  its  forms  and  some  of  the  substances  that  are  associated 
with  myosin  because  after  the  death  of  the  muscle  these  substances  Le- 
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come  myosin  in  connection  with  the  condition  of  rigidity  in  which  exten- 
sibility is  lost  and  acidity  is  developed.  There  is  also  found  in  connec- 
tion with  this  muscle  glycogen  and  kreatin  indicating  that  the  metabolism 
of  the  unstriped  muscle  is  essentially  similar  to  that  of  the  striped  muscle. 
In  their  physical  properties  they  are  also  the  same,  being  irritable  and 
contractile  under  stimulation.  There  is  a variation  found  in  the  length 
of  the  fibres,  the  intestinal  fibres  being  longer  and  stronger  than  those  of 
the  blood  vessels.  Different  conditions  of  the  fibres  may  be  found  in  the 
same  muscle  so  that  there  may  be  a combination  of  different  physical 
characteristics.  The  contraction  of  the  smooth  muscle  has  been  more  de- 
finitely investigated  in  connection  with  the  intestines  than  any  other  form 
of  the  unstriped  muscle.  The  coating  of  the  intestines  is  found  to  con- 
sist of  an  external  layer  consisting  of  fibres  and  groups  of  fibres  arranged 
longitudinally  and  an  internal  layer  much  thicker  arranged  circularly. 
The  same  arrangement  of  fibres  is  found  in  connection  with  the  ureter. 
By  the  application  of  stimulation  to  the  intestines  in  its  living  condition 
there  is  found  to  originate  at  the  point  of  stimulation  a circular  contrac- 
tion, the  intestine  manifesting  the  circular  contraction  as  if  it  were  par- 
tially ligatured,  the  result  being  that  constriction  takes  place  the  blood 
being  forced  out  so  that  the  muscle  assumes  a pale  appearance.  The  sep- 
arate fibres  in  the  circular  layer  have  been  shortened  the  result  of  which  is 
theconstriction  of  the  lumen  of  the  intestine.  Similarly  there  is  a contrac- 
tion of  the  longitudinal  fibres  in  the  outer  layer,  the  contraction  taking 
place  longitudinally,  but  on  account  of  the  comparative  thinness  of  this 
layer  the  circular  contraction  prevails.  There  seems  to  be  a physiologi- 
cal contention  in  the  contraction  between  the  circular  and  longitudinal 
layers,  the  result  being  that  the  former  predominates  because  of  its  great- 
er strength.  In  this  contraction  there  is  a preceding  period  of  latency 
followed  by  a slow  contraction  which  lasts  for  several  seconds,  the  relax- 
ation following  slowly.  In  connection  with  the  circular  fibres  there  has 
thus  been  originated  a contraction  wave  this  wave  passing  from  one  fibre 
to  another  with  slowness  which  is  characteristic  of  this  kind  of  muscle. 
The  wave  contraction  is  claimed  to  pass  with  a velocity  of  about  25  milli- 
meters per  second  along  the  ureter  the  wave  passing  along-  the  circular 
layer  in  both  directions.  At  the  same  time  the  fibres  in  the  longitudinal 
layer  are  contracted  a contraction  wave  passing  along  longitudinally  also 
in  both  directions.  This  wave  of  contraction  differs  from  that  found  in 
connection  with  the  striped  muscle.  In  the  striped  muscle  the  wave  of 
contraction  is  single  passing-  along  the  fibre  originating  From  the  end  plate 
of  the  muscle  or  on  artificial  stimulation  from  the  point  of  stimulation. 
There  is  no  radiation  of  impulse  from  one  fibre  to  another.  In  the  un- 
striped muscle  the  wave  of  contraction  is  not  simple  but  complicated,  re.- 
sulting  from  the  wave  of  contraction  found  in  the  several  fibres  and  being 
transmitted  from  one  fibre  to  another,  both  in  the  direction  of  the  libres 
and  also  at  right  angles  to  the  fibre  axis.  In  other  words  the  changes 
that  produce  the  contraction  not  only  pass  across  til'd  tissue  substance 
which  unites  the  fibres  together  but  also  from  one  group  of  fibres  to 
another  passing  over  the  connective  tissue  possibly  by  means  of  nervous 
stimulation.  In  the  case 'of  the  wave  of  contraction  transmitted  along  a 
single  unstriped  fibre  LlienT  i'S-a— difference  in  the  latent  period  and  the 
period  of  contraction -aw-emn-pa re <1  with  the  striped  muscle,  both  of  the 
periods  beinglonger.  Hence  it  is  concluded  that  the  entire  length  of  the 
fibre  in  the  unstriped  muscle  takes  part  in  the  contraction  wave  at  one  and 
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the  same  time.  Tdd^double  contraction  of  the  circular  and  longitudinal 
layers  f^  ms  the_basis  of  peristaltic  action  as  we  find  it  in  (mnn^rtiniTtyTTr; — 
the  intestinal  organs.  . These  contractions  may  be  originated  by  stimula- 
ting the  neives  suppl^dng  the  muscle,  these  nerves  being-  mainlv  in  con- 
nection With  the  sympathetic  system,  although  they  have  established  re- 
lations with  the  cerebro-spinal  system.  In  the  case  of  the  striped  muscle 
conti  action  takes  place  normally  only  throug-h  nervous  stimulation 
although  it  is  claimed  by  some  that  there  are  spontaneously  generated 
certain  contractions  in  connection  with  the  skeletal  muscles;  but  these  are 
entii  ely  abnoi  mal  and  may  possibly  be  orig-inated  solely  by  nervous  stim- 
ulation. In  the  case  of  the  smooth  muscles  of  the  intestinal  org-ans  and  of 
the  blood  vessels  there  are  contractions  undoubtedly  which  do  not  depend 
for  their  stimulation  upon  the  central  nervous  system.  These  spontan- 
eous contractions  are  not  dependent  upon  voluntary  control  and  they  may 
be  found  even  after  removal  of  the  org-ans  or  part  of  the  org-ans  from  the 
body.  It  is  for  this  reason  that  the  plain  muscle  has  been  called  involun- 
tary althoug-h  this  term  is  not  entirely  satisfactory  because  some  of  the 
smooth  muscles  are  subject  to  the  influence  of  the  will  as  the  ciliary  mus- 
cles in  connection  with  the  eye  and  some  striped  muscles  are  entirely  out 
from  the  control  of  the  will  as  in  the  case  of  the  cardiac  muscle.  " The 
smooth  muscles  are  found  to  manifest  the  same  electrical  properties  as 
striped  muscles  being-  very  sensitive  to  the  opening-  and  closing- of  the  con- 
stant current,  hardly  responding-  at  all  to  an  induction  shock,  possibly  be- 
cause the  duration  of  the  current  is  too  short.  The  muscle  contraction 
in  the  case  of  the  unstriped  muscle  is  very  slow  and  much  prolong-ed  even 
when  it  orig-inates  from  a strong-  single  stimulation.  Some  claim  that  this 
indicates  the  possibility  of  tetanizing-  the  smooth  muscle.  Foster  says 
that  the  smooth  muscle  tissue  can  be  tetanized  although  it  rarely  takes 
place.  The  same  object  is  secured  in  the  plain  muscle  as  is  accomplished 
in  the  case  of  the  striped  muscles  by  tetanus,  by  means  of  the  tonic  con- 
striction of  the  unstriped  muscle.  The  smooth  muscle  can  remain  for  a 
long  time  in  a contracted  state  this  representing  the  tonic  condition. 

CHAPTER  XI.  THE  NERVOUS  SYSTEM. 
SECTION  I.  Introduction. 


The  physiology  of  the  nervous  system  is  dependent  for  its  elucida- 
tion, (1)  on  the  anatomy  of  nerves  in  their  origin,  course  and  relations  as 
well  as  the  development  of  these  in  the  animal  history;  (2)  on  the  histology 
of  nervous  structures  particularly  studied  in  connection  with  the  different 
stages  of  development  from  the  embryo  to  the  adult  condition;  (3)  on  clin- 
ical  experience  and  pathological^ observation  which  have  emphasized 
changes'" due  to  disease  and  abnormal  conditions;  (41  on  experiments  in 
connection  with  the  division  and  stimulation  of  the  divided  nerves  which 
have  in  recent  times  furnished  a mass  of  evidence  that  emphasizes  the 
functions  of  certain  nerves  and  indicates,  if  it  does  not  entirely  prove,  the 
relation  of  certain  nerves  to  organs  and  other  nerve  channels.  For  a long 
time  anatomy  and  pathology  were  found  to  be  the  only  evidence.  When 
the  nerves  were  found  to  terminate  in  muscles  they  were  supposed  to  be 
motor;  those  in  connection  with  the  organs  of  sense  were  supposed  to  be 
sensory  nerves.  The  cerebral  enlargement  found  in  the  higher  animals 
as  compared  with  the  lower  animals  was  supposed  to  be  connected  with 
the  psychic  development  of  the  human  subject.  In  later  times  experi- 
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merits  in  connection  with  the  nerves  divided  have  opened  up  many  new 
facts  in  regard  to  the  nerve  centers  and  also  the  different  nerve  paths. 
In  connection  with  surgical  operations  by  the  dividing  of  nerves  it  has 
been  found  that  parts  cut  off  from  the  higher  centers  lose  sensibility  and 
the  compression  of  certain  centers  resulted  in  paralysis.  If  to  these  are 
added  histological  observations  as  to  the  structure  and  course  of  certain 
nerves  there  is  a very  complete  knowledge  gained  of  the  function  of  the 
nervous  mechanism. 

In  the  embryo  the  central  nervous  system  arises  from  the  epiblast. 
The  white  and  gray  matter  of  the  spinal  cord  and  the  brain  originate  from 
•t|io  medullary  infolding.  The  sympathetic  system,  including  the  nerves 
and  ganglia  connected  with  it  towards  the  periphery! also  arises  from  the 
epiblast.~  This  epiblastic  layer  also  gives  rise  to  ttie  sense  organs^'  tl!le 
organs  being  expanded  in  such  a way  as  to  become  specialized  in  the  re- 
ceptiorTof  impressions'  of  a definite  character.  These  sense  organs  there- 
fore originated  from  superficial  cells  which  under  the  influence  of  certain 
definite  stimulation  and  by  continued  use  in  connection  with  certain  stim- 
uli have  come  to  be  specialized  in  function.  These  specializations  become 
the  centers  of  organic  functions  communication  being  established  with 
neighboring  cells  these  terminals  of  communication  being  differentiated 
as  special  nerve  paths.  This  course  of  evolution  may  be  followed  dis- 
tinctly in  the  field  of  comparative  physiology.  In  the  Actinia  we  find  no 
organs  ot  sense  and  no  central  system  although  there  are  found  cells  dis- 
tributed in  the  cuticle  and  in  the  alimentary  wt-h  canal  hair-like  processes 
on  both  sides,  the  internal  and  deeper  forming  plexuses  in  the  substance 
and  constituting  neural  structures.  These  represent  sense  cells  some  of- 
which  have  been  moved  internally.  In  the  medusae  we  can  trace  the 
movement  from  nerve  epithelium  in  the  primitive  cell  form  to  the  gan- 
glionic center,  two  kinds  of  cells  bcimr  found;  (1)  a__primitive  cell  in  which 
we  find  minute  hair-like  processes  extending  outward  to  the  superficial 
part  of  the  body  called  sense  processes  and  also  processes  passing  inward 
to-the  ganglion  cells;  (2)  a modiffecTcell  in  which  the  hair-like  process  cor- 
responding with  the  sense  process  is  lost  and  the  regular  cells  have  been 
dcvelppeil.  In  this  way  from  the  stand  point  of  evolution  and  embryology 
the  entire  central  nervous  system  arose  from  the  modified  sense  cells, 
the  connection  of  muscles  being  of  later  development,  the  processes  from 
these  sense  cells  forming  the  primitive  nerves.  It  is  only  in  the  higher 
forms  of  life  that  we  meet  with  muscle  connection  complete  in  connection 
with  the  nerve  fibres.  This  connection  between  muscle  and  nerve  is  sup- 
posed to  be  established  I3y  the  relations  established  between  neu ro-epi- 
I penal  and  myoepithelial  cells  so  as  to  form  neuro-muscle  platen.  The 
nervous^  system  in  the  human  subject  developed  by  evolution  out  of  the 
cplblastic  layers,  when  fully  developed,  is  found  to  consist  of  three  parts; 

( 1 ) gallglia  representing  the  masses  of  the  brain,  spinal  cord  and  the 
ganglia  connected  with  it;  (2)  terminal  organs  or  plates  found  in  connec- 
tion with  the  sense  organs  and  tTTe  illliscl<is,  and  (3)  the  nerves  or  nerve 
paths  connecting  the  end  organs  with  the  central  n er vo u s sy s t e i h These 
ner.es  arc  paths  along  which  nerve  forces  travel,  the  force  originating  in 
the  end  organs  or  in  the  nerve  by  stimulation  or  in  the  nerve  centers. 
Stimulation  applied  to  the  nerve  path  along  its  course  gives  rise  to  irrita- 
tion which  passes  along  the  nerves  to  a center  or  an  end  organ,  resulting 
in  the  production  of  certain  phenomena  of  movements,  feeling,  sensation, 
etc.  Stimulation  may  originate  in  an  end  organ,  the  stimulation  being 
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transmitted  along-  the  nerve  carrying  the  sensation  or  a chang-e  resulting- 
in  action,  movement  or  feeling- of  some  kind.  Similarly  stimulation  may 
arise  in  the  center  or  centers,  the  impulse  being-  conveyed  along-  the  nerve 
paths  terminating  in  the  muscle  and  producing  some  kind  of  action.  The 
fibres  of  the  cerebro-spinal  nerve  are  bound  up  in  a sheath  of  loose  con- 
nective tissue.  The  epineurium  sends  down  divisions  into  the  internal  of 
the  nerve  dividing  the  nerve  into  bundles,  the  nerve  fibres  being  bound 
in  minute  folds,  all  these  coverings  being  continuous  with  the  connective 
tissue  of  the  external  perineurium.  The  fibres  do  not  divide  except  near 
certain  terminals,  although  the  fibres  from  neighboring  trunks  join  and 
become  closely  bound  together. 

In  the  sympathetic  system  the  fibres  are  mostly  non-medullated  and 
hence  are  much  brighter  in  color  than  the  cerebro-spinal  fibres.  In  the 
largelierve  trunks  there' are  capillaries  together  with  lymph  spaces  found 
inlconnection  with  the  epineurnnirahd~the  perineurium.  Along  the  path 
of  the  nerves  there  are  groups  of  ganglion  cells  found  either  in  rounded 
masses  or  elongated  fibres.  Around  the  external  surface  of  the  ganglia 
there  is  a covering,  the  continuation  of  the  epineurium  consisting  of 
loose  connective  tissue.  In  these  ganglia  we  find  large  numbers  of  minute 
capillaries,  these  capillaries  surrounding  the  cells  in  order  to  carry  on  the 
active  nutrition  of  the  nerve  tissue.  In  the  cerebro-spinal  system  the 
ganglia  have  large  ganglion  cells  each  cell  being  surrounded  bv  flattened 
endothelial  cells.  If  the  nerve  fibres  enter  the  ganglia  medullated  they 
lose  their  medulla  and  issue  from  it  non-medullated.  In  the  sympathetic 
system  the  ganglion  cells-  are  smaller  and  multipolarmTA  distinguished 
from  the  unipolar  cells  of  the  cerebro-spinal  system: 

In  the  gray  matter  we  find  both  fibres  and  cells  so  that  these  cannot 
be  separated  on  the  application  of  stimulation.  The  stimulation  of  the 
gray  matter  depends  largely  upon  the  supply  of  blood  and  also  upon  the 
rapidity  with  which  the  waste  matters  are  taken  away.  If  the  blood 
supply  is  not  sufficient  or  if  the  carrying  away  of  the  waste  product  is_  in- 
complete then  the  nerve  cells  become  inactive  or  suffer  through  Jack  of 
pi'oper  nutrition.  If  the  blood  supply  is  cut  off  suddenly  the  change  is 
so  sudden  that  it  produces  unconsciousness.  Similarly  the  absorpriOfi 
into  the  blood  of  chloroform,  alcohol  or  ether  will  induce  unconscious- 
ness. In  many  diseased  conditions  the  blood  becomes  so  vitiated  that  it 
is  incapable  of  carrying  on  the  vital  functions,  the  result  being  some  form 
of  delirium.  The  nerve  cells  thus  depend  on  the  normal  activity  of  the 
blood  supply  and  on  the  favorable  conditions  involved  in  the  equilibrium 
of  the  various  centers,  the  disturbance  of  this  equilibrium  resulting  in 
abnormal  conditions.  There  is  a rhythmic  action  in  connection  with  the 
nerve  cells  and  centers,  this  rhythmic  action  depending  on  blood  condi- 
tions as  is  indicated  by  heart  and  respiratory  rhythm  so  that  any  inter- 
ference with  these  involves  an  interference  with  nerve  center  activity. 
The  gray  matter  consisting  of  nerye  cells  forms  the  chief  part  in 
which  reflex  centers  are  located  and  these  are  connected  with 
one  another  by  nerve  fibres.  Sensations  involve  consciousness  in  con- 
nection with  an  impression  these  impresions  made  upon  sensory 
nerves  being  conveyed  to  the  nerve  centers.  Often  stimulation  pro- 
duces movement  indirectly,  the  impressions  passing  along  nerve  paths  to 
a center  from  which  certain  impulses  are  passed  to  other  organs  or  mus- 
cles by  nerve  fibres.  If  the  brain  and  medulla  of  a frog  are  removed  and 
and  if  stimulation  is  applied  to  the  foot  the  limb  will  be  drawn  up.  1 his 
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is  said  to  be  due  to  reflex  action,  the  reflex  taking' place  without  conscious- 
ness. In  the  nervous  system  as  a whole  we  iincl  a number  of  contiguous 
nerve  cells  united  tog-ether  so  that  nerve  function  depends  on  the  estab- 
lishment of  this  relation  and  its  maintenance  so  that  the  continuity  of  the 
nervous  system  is  the  basis  of  its  functional  activity.  When  therefore 
the  nervous  system  is  spoken  of  as  consisting-  of  a central  and  peripheral 
system  this  division  is  simply  for  Convenience  of  consideration.  In  con- 
nection with  the  nervous  system  the  relations  are  established  between  all 
parts  of  the  body,  its  branches  following-  the  form  of  the  body  represen- 
ting pathways  and  centers  in  connection  with  which  organic  activity  and 
unity  are  maintained.  All  impulses  must  reach  the  central  system  before 
a resulting  outgoing  impulse  can  be  sent  out.  On  account- of  the  very  ex- 
tensive connections  of  the  nervous  system  and  the  centralizing  force  of 
the" central  system  harmony  is  established  in  the  body  organism.  It  is  in 
connection  with  the  nervous  system  and  particularly  the  central  system 
that  the  facts  of  consciousness  arise.  Strictly  we  limit  ourselves  he_re  to 
the  nervous  system  and  the  functions  that  are  independent  of  conscious- 
ness, although  we  cannot  eliminate  the 'psychic  element  of  brain  control 
from  the  functioning  of  the  entire  neural  mechanism.  We  leave  to  the 
subf-eCTOf  Psychology  the  more  full  discusson  of  the  conscious  side  of  the 
neuro-physiological  life.  ' . * 


The' progressive  development  of  the  nervous  system  with  its  subdivi- 
sion into  faculties  has  its  most  perfect  expression  in  the  human  brain. 
This  localization  is  brought  out  in  connection  with  spoken  language,  vol- 
untary motion,  "sight,  etc.  Excitation  literally  means  to  call  from  the 
outside  so  that  the  external  surroundings  of  an  organism  stimulate  it  so 
tfiaFThe  organism  receives,  records  an  impression  and  thereby  modifies 
its  movements.  The  central  nerve  cell  is  really  a double  organ  one  por- 
tion of  which  is  at  the  central  end  of  an  afferent  nerve  fibre  and  the  other 
portion  at  the  central  end  of  an  efferent  nerve  fibre,  sooth  at  there  is  a sen- 
sory and  a motor  part  in  the  center,  the  two  parts  being  bound  together 
l»y  commissural  fibres.  We  have  seen  that  automatic  and  reflex  actions 
characterize  the  lower  central  cells,  voluntary  action  on  the  other  hand 
characterizing  the  higher  cells.  The  .voluntary  actions  are  spontaneous 
and  are  subject  to  choice,  independent  of  stimulation;  and  vet  we  can  not 
deny  that  voluntary  action  is  really  a complicated  Tetlex  action  with 
stimulation  more  or  less  disguised  in  the  past  stimulations  of 
organism.  No  line  of  differentiation  can  be  drawn  between  these 
forms  of  the  voluntary  activity.  It  is  claimed  that  the  higher  scale  of 
voluntary  action  represents  the  psychic  elements  of  discrimination  and 
imagination  as  distinguished  from  the  pure  sensation  and  motion 
elements,  although  the  simplest  voluntary  contraction  implies  a sensation, 
a comparison  "and  judgment  and  a voluntary  motion.  The  characteristic 
of  voluntary  action  is  determined  by  the  past  history  of  the  individual  im- 
pressions. h rom  the  purely  physiological  standpoint  the  element  of  time 
is  the  determining  element,  because  in  a purely  reflex  act  the  reaction  is 
immediate;  in  an  automatic  action  the  motor  reactions  represent  a series 
:md  in  tin-  voluntary  action  the  reaction  is  retarded.  The  voluntary  act 
then,  from  the  physiological  standpoint, -seems  to  be  explained  on  a basis 
of  past  impressions  so  that  ittis  the  result  of  these  prior  sensations;  so 
that  in  the  cerebral  activity  the  characteristic  action  is  delayed  for  the 
purposes  of  judgment  and  deliberation.  The  importance  of  cerebral  con- 
trol as  compared  with  spinal  control  is  determined  by  the  scale  of  the 


the 

the 

two 


£63 


THK  NICK VOUS  SYSTKM. 


animal  intelligence,  the  higher  the  scale  the  greater  the  cerebral  import- 
ance and  the  less  the  spinal,  so  that  in  the  ascent  of  the  scale  of  intelligence 
the  cerebral  functions  are  becoming  more  significant  and  the  spinal  less 
significant.  From  this  . standpoint  Waller  claims  that  the  spinaLcord 
represents  the  conservative  organ  and  the  cerebrum  the  progressive 
organ. 

In  nerve  cells  which  are  found  in  the  gray  substance  we  find  irregu- 
larly circular  bodies  composed  of  fine  granular  matter  with  a large 
nucleus  and  nucleoli.  In  addition  there  are  often  found  pigmentarv  sub- 
stances buried  in  the  cell  substance.  In  the  sympathetic  ganglia  we  find 
smaller  cells  from  10  to  20  mm.  in  diameter,  such  cells  we  find  in  the 
posterior  cornua  of  the  spinal  cord  and  in  parts  of  the  cerebrum;  larger 
cells  are  found  in  the  medulla  and  cerebellum  from  40  to  60  mm.  in  diame- 
ter and  the  largest  cells  in  the  anterior  cornua  of  the  gray  matter  of  the 
spinal  cord  up  to  130  mm.  in  diameter.  In  connection  with  the  nerve  cells 
we  find  processes  which  shoot  off  from  the  nerve  cell  body  of  the  same 
substance  as  the  cell.  Different  processes  are  found  in  different  parts  of 
the  system.  In  connection  with  the  Casserian  ganglion  and  the  spinal 
ganglia  in  the  human  subject  we  find  a single  nerve  process;  in  the  svm- 
pathetic  ganglia  the  cells  have  several  processes  while  in  the  gray  matter 
of  the  brain  and  spinal  cord  there  are  from  three  to  eight  processes  which 
shoot  in  different  directions;  when  they  pass  from  the  cell  a division  and 
subdivision  takes  place  ramifying  finally  into  fine  filaments.  Sometimes 
the  process  remains  undivided  for  a considerable  distance.  The  nerve 
cell  is  encased  in  a capsule  which  consists  of  a fine  colorless  membrane 
covered  over  on  the  internal  surface  with  nuclei.  Normally  the  capsule 
is  almost  filled  by  the  cell.  The  process  as  it  passes  out  from  the  capsule 
is  accompanied  by  an  elongation  of  the  capsule  in  which  the  nerve  process 
is  encased.  The  nerve  fibres  are  united  at  the  point  of  cenYralorTgi n 
with  the  gray  matter  into  which  they  pass  between  the  cells.  It  is  not 
easy  to  separate  the  fibres  and  cells  because  when  dissected  there  is  apt 
to  be  a tearing  of  the  relations.  In  any  case  it  is  clear  that  the  nerve  pro- 
cess is  continuous  with  the  nerve  fibre,  at  least  in  most  cases,  so  that  this 
continuation  represents  the  connection  between  fibre  and  cell.  The  cell 
process  is  so  like  the  axis  cylinder  of  the  nerve  that  it  is  ver.y-dlffi.cult  to 
distinguish  between  the  two.  In  some  cell  processes  however  there  is  a 
junction  with  nerve  bundles  without  any  medullation  so  that  they  become 
non-medullated  fibres,  the  tubular  elongation  of  the  capsule  being  contiqu- 
ous  with  the  sheath  of  Schwann.  In  the  cerebro-spinal  ganglia  of  the  rab- 
bit and  the  spinal  ganglia  of  the  frog  the  myelin  layer  has  been  found 
almost  up  to  the  cell  itself.  These  facts  indicate  that  there  is  a close  re- 
lation structurally  between  the  axis  cylinder  of  the  nerves  and  the  pro- 
cesses of  the  tells.  In  connection  with  the  nerve  cells  in  the  brain  and 
spinal  cord  of  the  human  subject  the  multipolar  cells  have  certain  pro- 
cesses which  unite  with  the  groups  of  fibres  running  towards  the  nerve 
roots  so  that  the  processes  become  nerve  fibres  although  they  are  not  sur- 
rounded by  the  medullary  substance.  It  is  claimed  by  Gerlach  that  there 
is  a portion  of  the  gray  matter  of  the  cord  in  the  dorsal  region  in  which 
the  nerve  cells  have  no  process  corresponding  with  an  axis  cylinder  and 
in  the  sympathetic  ganglia  the  cell  processes  pass  for  a considerable  dis- 
tance without  being  fused  into  a medullated  nerve.  This  may  indicate 
that  some  of  the  cell  processes  do  not  pass  into  and  unite  with  the  nerve 
fibres.  These  nerve  cells  embedded  in  the  gray  substance  form  the 
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nerve  centers  in  connection  with  which  the  impressions  are  received 
along;  the  sensory  nerve  fibres  and  from  which  excitation  passes  to  the 
musclesalongthe  motor  fibres.  Thesecollectionsof  cellsand  the  gray  mat- 
ter correspond  with  the  nerve  centers  representing-  the  nerve  appara- 
tus in  which  transformation  and  modification  of  impulses  takes  place. 
Thus  we  have  in  all  the  nerve  relations  of  the  body  org-anism  a complete 
circuit  established  as  the  basis  of  impressions  connected  with  sensation 
and  movement. 

SECTION  II.  The  Evolutionary  Development  of  the 

Central  Nervous  System. 

m/ 

It  is  almost  impossible  to  appreciate  the  functions  of  the  central  ner- 
vous system  without  tracing-  the  development  from  simple  structure  to 
complex  structure  and  from  simple  to  complex  function.  Among-  the  in- 
vertebrates we  find  nervous  systems  consisting-  of  ganglia  or  chains  of 
ganglia;  whereas  amongjhe  vertebrates  we  find  nerve  tissue  formed  into 
a spinal  cord  and  terminating  in  a brain  with  a distinct  cerebro-spinal 
_axis.  This  is  the  only  way  to  get  an  adequate  idea  of  the  nervous  system 
in  following  out  its  changing  form  in  the  scale  of  animal  life.  In -the  most 
primitive  animal  forms  of  the  nervous  system  we  find  the  cell  of  proto- 
plasm forming  the  center  of  activity  in  connection  with  motion  and  sensa- 
tion. Asjjoon  as  the  cell  coatings  become  numerous  and  independent  of 
each  other  sensation  becomes  associated  with  the  external  layer.  As 
soon  as  the  sensory  system  becomes  of  importance  to  the  organism  parts 
of  the  sensory  layer  enter  into  the  body  or  deeper  structure  of  the  organ- 
ism, the  outer  parts  becoming  differentiated  as  ganglia  as  w-ell  as  the 
inner;  the  superficial  parts  representing  the  organs  by  which  connection 
with  the  external  world  is  established,  this  connection  being  transmitted 
by  impulses  into  the  deeper  parts  or  ganglia  by  means  of  processes  com- 
municating from  the  external  to  the  internal.  These  processes  from  the 
internal  to  the  external  pass  into  communicating  fibres.  The  forming  of 
the  nervous  system  follows  the  structure  of  the  animal,  for  example,  in 
the  star  fish  the  nervous  cord  is  symmetrical  with  the  body  arrangement, 
the  neural  arrangement  being  in  line  with  the  structure  of  the  body.  For 
example,  the  sense  ganglia  become  enlarged  and  more  important  as  the 
sense  organs  develop.  As  the  body  becomes  more  complex  the  nervous 
arrangement  is  more  complicated,  the  cord  and  ganglia  being  arranged 
from  the  different  portions  of  the  body,  these  being  arranged  together  bv 
a central  cord  or  chain  of  ganglia.  Next  the  ganglia  are  united  together 
into  masses,  the  combination  depending  upon  the  value  of  innervation  to 
the  body  and  the  portion  of  the  body  supplied.  In  the  vertebrate  the  en- 
folding of  the  epiblast  originates  the  nervous  cord  that  forms  the  cere- 
bro-spinal axis.  T his-pri m n ry  card  is  widened  at  the  upper  end  and  then 
subjected  to  constriction,  and  this  forms  the  three  cerebral  portions  or 
vesicles  which  form  later  the  anterior,  middle  and  posterior  portions  of 

1 his  primitive  cord  appears  in  tubular  cavity  form,  the  tubular  cav- 
ity becoming  the  s;>inaTcanal  and  the  thickened  portion  ro> ri^.Mit im>-  the 
brain;  the  sppra.1  rnrd  in  its  tubular  cavity  representing  the  embryonic 
tubulai  condition  of  the  nervous  matter.  The  three  cerebral  portions 
bormed  by  loops  are  called  the  fore,  mid  and  after  brain.  From  the 
.interior  loop  there  is  formed_by  protrusion,  first  a single  part  and  then 
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double  parts  divided  by  a median  line,  representing  the  hemispheres 
whjch  are  separated  from  one  another  by  the  median  line.  The  pro 
longatjqn  ot  the  cavity  into  the  brain  represents  in  the  adult  condition  the 
lateraJ  .vehrricies.  , Out ofHSrirf^hese  v^sicIeS  there  arises  bv  protru- 
sion the  olfactory  lobe,  the  remainder  of  the  hollow  cavity  of  the  vesicle 
becoming-  the  third  ventricle.  At  the  outer  and  lower  walls  of  the  hemis- 
pheies  theie  ai  e thickening's  which  correspond  with  the  corpora  striata, 
two  bodies  represented  on  the  floor  of  the  lateral  ventricles,  the  upper 
part  on  the  roof  being-  developed  into  the  cerebral  hemisphere  substance. 
Rig-ht  behind  the  corpora  striata  on  the  floor  of  the  third  ventricle  there 
are  two  thickening's  of  the  circumferential  wall  which  become  the  optic 
thalami,  the  fine  layer  lying  between  the  two  being-  called  the  taenia  semi- 
cir.cularis;  the  hollow  tubular  cavity  forming  the  cavity  between  the  thala- 
mi to  the. cerebral  cavities  being  called  Monro’s  foramen  or  the  openin-r 
under  the  arch  of  the  fornix.  The  floor  of  the  third  ventricle  is  poster- 
iorly formed  by  the  tegmenta  of  the  crura  cerebri  being  formed  into  a 
conical  process  at  the  end  Of  which  is  the  pituitary  body.  ' The  roof  of  the 
cavity  is  delicate  being  limited  by  the  anterior  and  posterior  commissures, 
the  pineal  body  being  developed  in  connection  with  it.  From  the  one  cor- 
pus striatum  to  the  other  there  pass  fibres  which,  form  the  white  com- 
missure, the  gray  commissure  connecting  the  two  optic  thalami.  The  cor- 
pus callosum  by  the  commissural  fibres  connects  the  two  cerebral  hemi- 
spheres, in  highly  developed  brains  it  crosses  considerable  higher  than 
the  level  of  the  fornix,  intei'cepting  a part  of  the  internal  wall  of  either 
hemisphere.  The  two  internal  walls  form  the  septum  lucidum,  the  space 
between  constituting  the  fifth  ventricle  cavity.  When  the  floor  of  the 
middle  loop  thickens,  there  are  formed  two  large  groups  of  longitudinal 
fibres  forming  the  crura  cerebri,  the  optic  lobes,  corpora  quadrigemina 
being  developed  on  the  roof.  The  tubular  cavity  is  represented  bv  the 
Sylvian  aqueduct.-  The  thii'd  loop  in  its  development  remains  practicallv 
unchanged  as  compared  with  the  other  two  loops.  On  the  upper  wall  we 
have  a very  fine  surface  anterior  to  the  cerebellum,  forming  a lamina,  the 
posterior  part  being  covered  with  membrane  and  opening  into  the  poster- 
ior sub-arachnoidal  cavity.  The  cerebellum  first  appears  as  a fine  medul- 
lary lamina  representing  the  thin  Vieussens leaf  between  the  cerebellar 
processes  to  the  brain,  the  posterior  part  being  covered  with  delicate 
membrane  and  connected  with  the  space  that  iies  ender  the  arachnoid 
membrane.  The  cerebellum  arises  in  connection  with  a delicate  medul- 
lary layer  arched  posterior  to  the  corpora  quadrigemina,  the  epeneepha- 
lon  forming  the  cerebellum,  pons  Varolii  and  the  frontal  portion  of  the 
fourth  ventricle,  the  metencephalon  forming  the  medulla  oblongata. 

The  complexity  of  the  structure  of  the  brain  of  the  higher  animals 
arises  from  the  greater  and  the  increased  development  of  the  cerebral 
hemispheres,  and  very  early  in  the  progress  of  the  development  of  these 
hemispheres  there  is  a projection  forward  beyond  the  primitive  first  loop. 
As  they  develop  upward  they  take  the  place  of  the  second  loop  filling  up 
the  most  prominent  portion  of  the  head as  they  develop  downward  and 
to  the  sides  they  constitute  the  temporal  lobes,  in  this  way  we  have  the 
distinct  development  of  the  frontal,  parietal  and  temporal  lobes.  Still 
later  by  the  posterior  development  the  occipital  lobe  it  forms  the  completed 
cerebrum  so  that  it  occupies  a position  high  up  in  the  head  and  covering 
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entirely  the  lower  portions  of  tile,  brain.  Thus  the  hemispheres  enlarge 
ps  of  -the  early  embryonic  brain  in  the  animal  until  they 
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occupy  a-  position  above  all  the  other  portions  of  the  brain  in  the.  human 
subject.  During-  the  progress  of  this  development  the  superficial  gray 
matter  enlarges  -to  such  an  extent  that  it  is  thrown  into  an  immense  mass 
of  convoluted  furrows.  The  superficial  surface  of  the  hemispheres  is 
primarily  smooth,  the  first  division  being  noticeable. between  the  temporal 
and  frontal  lobes  in  a rough  indentation,  afterward  developed  into  the 
Sylvian  fissure.  Later  we  find  the  separation  oLthe  occipital  and  parietal 
lobes  taking  place  fn  connection  with  the- vertical  fissure  and  the  frontal 
and  parietal  lobes  by  the  fissure  of  Rolando.  This  development  marks 
the  highest  animals  next  to  man  and  man  himself.  It  is  after  the  forma- 
tion bTThese  dividing  grooves  that  the  convolutions  begin  to  form,  first  by 
the  formation  of  shallow  and  indistinct  furrows  marked  at  birth  in  the 
human  subject.  Later  these  are  represented  by  the  deepening  of  these 
furrows  and  the  continuation  and  extension  of  the  process  in  the  forma- 
tion of  subordinate  furrows  after  birth.  It  is  in  connection  with  these 
convolutions  that  psychic  development  takes  place,  the  greater  the  psychic 
develop  fn  eli't  the  more  marked  the  convolutions  become.  Arising-  from 
the  same  characteristic  type  we  find  the  brain  development  in  the  animal 
kingdom  becoming  gradually  more  complicated;  the  brain  found  in  the 
lower  animals  when  complete,  as  in  fishes,  reptiles  and  birds,  correspond- 
ing-with  the  lower  stage  of  development  in  the  higher  animals.  Among 
the  fishes,  for  example,  the  brain  retains  its  embryonic  characteristics 
consisting-  of  a number  of  protuberances  either  in  pairs  or  singly.  In  some 
of  the  lowest  forms,  as  in  the  leptocardia  class  of  fishevs,  there  is  no  brain 
proper,  the  cord  being  continuous  without  any  enlargement.  In  the 
cyclostomata  we  find  the  development  nearer  the  primitive  embryonic 
form  of  the.  higher  animals  as  the  five  characteristic  portions  of  the.brain 
are  distinguishable,  the  chief  development  being  in  connection  with  the 
ganglia  that  represent  the  sense  organs,  the  cerebrum  being  very  imper- 
fectly developed.  »In  higher  forms,  as  the  skate  and  the  whole  .class,  of 
teleosfOmi,  the  cerebral  part  of  the  brain  is  developed,  the  lobes  of  the 
brain  being  characteristic,  especially  the  optic  lobe  in  connection  with 
sight,  and  the  medulla  being  large.  Among  the  amphibia  the  two  hemi- 
spheij&v  arc  fully  . developed,  while  in  other  forms  the  cerebellum  is 
distinctly  marked  although  small.  Among-  the  reptiles  the  posterior  part 
<>t  the  anterior  embryonic  vesicle  and  the  mid-vesicle  are  very  fully  devel- 
oped, while  the  anterior  portion  of  the  brain  is  large  and  developed  back- 
ward over  the  lower  parts  of  the  brain.  Among  the  birds  the-hemispheres 
of  the  cerebrum  are  fully  developed,  the  middle  brain  vesicle  being  con- 
cealed beneath  the  hemispheres  and  are  connected  together  by  an  anterior 
commissure.  The  cerebral  hemispheres  are  found  to  contain  a large 
quantity  of  cerebral  substance  which  is  projected  into  the  ventricular 
cavities.  The;  middle  part  of  the  cerbellum  is  arranged  in  layers  of  grav 
and  white  matter.  The_re  is  not  found  the  pons  Varolii,  the  fornix  or  the 
corpus  callosum,  but  there  is  a mass  of  matter  arranged  in  ganglionic 
form  corresponding  with  the  corpus  striatum  and  the  optic  thalamus,  the 
optic  lobes  representing  advanced  development.  A'fiong  the -mammals 
the  cerebral  hemispheres  are  v.ery  fully  developed  being  connected  bv  the 
corpus  callosum.  This  commissure  is  small  and  is  limited  to  the  anterior 
portion  of  the  hemispheres  in  the  marsupialia  like  the  opossum ; in  the 
lower  animals  it  extends  to  the  posterior  portion,  this  extension  marking 
the  advance  in  development  as  we  rise  higher.  The  hemispheres  in  the 
lower  animals  are  not  large,  have  no  lobular  division  and  few  if  any  con- 
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medulla  ThJ  ee™lsPheie«  extend  posteriorly  over  the  cerebellum  and 
medulla.  Ihe  posterior  lobe  is  developed  and  also  the  anterior  lobes 
throwing-  the  cerebrum  forward  into  the  forehead;  the  internal  brain 
development  becoming-  more  complicated,  the  anterior  and  posterior  lobes 
eing-  united  in  connection  with  the  fornix.  In  the  transition  to  the  higher 
orders  we  find  lobular  divisions  and  the  frontal  development  of  the  cere- 
brum. In  the  hig-her  mammals  the  superficial  surface  of  the  brain 
becomes  convoluted,  the  convolutions  varying-  considerable  in  different 
annuals.  No  regular  order  of  convolution  development  can  be  marked  in 
the  diftei  ent^grades  of  animals;  for  example,  in  the  marmoset,  or  squirrel 
monkey  of  South  America,  there  is  practically  no  convolution  develop- 
ment, while  in  the  ordinary  monkey  the  brain  is  very  abundant  in  convolu- 
tions. Ihe  cerebellum  also  becomes  more  complex  from  the  lower  to 
the  higher  animals;  originating  in  a simple  layer  in  the  lower  animals  as 
m tpe  fishes,  it  becomes  definitely  marked  in  the  transition  to  the  divided 
portmns  constituting  the  lobes.  In  the  crocodile.  for  example,  it  is  clearlv 
dirferentiated,  and  in  the  birds  there  is  a triple  differentiation,  the  middle 
being  animals  the 'literal'  pd'rts'are  larger.  In 

the  spinal  cord  there  is  not  much  variation  among  the  different  animals. 
In  the  center  of  the  cord  is  found  the  gray  matter  surrounded  by  white 
mattei , the  gray  being  most  abundant  where  there  are  areas  connected 
with  limbs.  ^ In JheJiigher  animals  the  cord  can  be  divided  into  distinct 
colujnns.  The  mass  of  the  "cord^depends  upon  Ihe  nerves  that  branch 
fiom  it,  being  largest  in  the  region  of  the  limbs  in  the  higher  vertebrates 
from  which  the  limb  development  takes  place.  The  development  of  the 
cord  is  marked  distinctly  in  regions  representing  the  cervical,  dorsal  and 
lumbar  areas.  The  enlargement  of  the  brain  in  development  corresponds 
somewhat  with  the  developing  mental  capacitv  of  the  higher  animals. 
Allen  Thomson,  who  is  one  of  the  greatest  authorities  on  craniology! 
says  that  cranial  capacity  is  larger  among  the  civilized  than  among  the  un- 
civilized races;  and  even  among  the  civilized  there  is  a noticeable  difference 
between  the  educated  and  intelligent  compared  with  those  of  average  or 
inferior  mental  capacity.  In  the  case  of  the  ape  the  brain  is’  much  infer- 
ior to  that  of  man  in  weight  and  size.  The  gorilla  brain  is  less  than  one- 
third  and  the  orangoutang  brain  less  than  one-fourth  of  the  weight  of  the 
human,  brain. 

In  the  ape  and  gorilla  the  brain  is  about  .01  part  of  the  body  weight, 
while  it  varies  in  man  from  one-fortieth  to  one-fiftieth.  At  birth' the  brain 


of  a child  is  about  one-tenth  of  the  weight  of  the  body;  at  three  years  the 
brain  has  developed  to  about  three-fourths  of  the  adult  size  of  the  brain;  at 
the -close  of  seven  years  of  age  it  has  developed  to  about  nine-tenths  of  its 
regular  size,  the  other  one-tenth  being  slowly  developed  from  seven  to  25 
years  of  age.  In  connection  with  this  brief  embryological  account  of 
brain  evolution  it  is  to  be  noted,  (1)  that  the  principal' part  of  the  cerebro- 
spinal system  from  the  standpoint  of  development  Is  the  inedulla  and  the 
spinal  cord.  This  portion  of  the  nervous  system  is  found  among-  all  ver- 
tebrates and  constitutes  the  nerve  basis  of  locomotion,  respiration  and 
even  mentation  on  its  lower  basis,  together  with  the  tactile  sensations 
which  are  fundamentally  the  most  primitive  of  all  the  senses.  (2)  In 
the  differentiation  of  the  higher  centers  certain  parts  of  the  frontal  re- 
gion of  the  cerebro-spinal  system  are  developed  and  differentiated,  the 
development  taking  place  always  posteriorly  and  downward.  The  first 
development  in  this  direction  is  the  sense  of  vision,  hence  the  vision  de- 
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velopment  in  connection  with  the  optic  lobes  marks  the  lowest  form  of 
animal  life  in  which  the  senses  are  differentiated.  Following-  this  we 
have  the  development  of  the  reg-ion  of  the  optic  thalami  specialized  in  con- 
nection with  the  sense  of  touch  or  at  least  the  general  tactile  sensations. 
The  sense  of  smell  is  localized  in  the  anterior  part  in  close  connection 
with  the  prosencephalon,  indicating-  that  it  makes  its  appearance  as  one  of 
the  first  special  org-ans;  thus  smell  vision  and  touch  are  the  three  primary 
centers,  so  called  because  necessary  to  the  primitive  physiolog-ical  exis- 
tence. These  three  centers  are  closely  connected  with  the  same  cere- 
bral reg-ion  in  primitive  development.  The  auditory  region  from  which 
springs  the  auditory  nerve  is  located  in  the  medulla  indicating  the  early 
character  of  hearing  in  close  connection  with  the  oblong  marrow,  repre- 
senting the  expansion  of  the  spinal  cord  in  connection  with  the  earliest 
coordination  of  impulses  in  relation  to  movements  amLhody  equilibrium; 
similarly  the  sense  of  taste  originates  in  connection  with  the  medulla  from 
whicii_arise  the  gustatory  nerves,  the  deglutition  processes  originating 
from  the  same  region.  All  of  these  represent  the  primary  acts  nec- 
essary  to  physiological  existence.  (3)  Following  thedTffereTitiatiofl  ol1* 
the  d i ff eTent-sen&e^urdTlre" different  sensations  connected  with  these 
senses jwe  find  the  origination  and  development  of  ideas  representing  psy- 
chic, changes,  corresponding  with  mental  phenomena  of  judgment,  mem- 
ory,  emotion,  volition  and  intellection.  The  cerebrum  being  more  fully 
developed  according  to  the  mental  phenomena  manifested  by  the  animal 
life,  the  mental  condition  is  proportionate  to  the  brain  development.  We 
find  a gradual  increase  in  complexity  of  brain  structure  and  function  as 
we  markthe  increase  in  intelligence;  as  we  advance  from  the  lower  to  the 
higher  animals  the  brain  becomes  more  complex.  The  prosencephalon 
is  regarded  as  the  portion  of  the  brain  in  which  mental  capacity  and  acti- 
vity are  localized,  this  part  of  the  brain  representing-  an  enlargement  com- 
mensurate with  intellectual  development.  (4)  Connected  with  the  cere- 
bellum development  we  find  the  coordinate  movements  of  the  different 
parts  and  organs  of  the  body.  These  movements  vary  considerably  in 
animals  from  the  fish  up  to  man,  representing  different  stages  of  develop- 
ment from  the  simple  back  and  forward  movement  of  the  fish  in  connection 
with  their  fins,  to  the  rotary  movements  of  the  birds  wing’s,  up  to  the 
delicate  movements  ot  the  front  limbs  in  the  human  subject.  The  devel- 
opment of  the  cerebellum  from  the  simple  to  the  complex  represents  the 
adjustment  of  these  coordinate  movements  to  the  special  form  of  animal 
life.  Cerebellum  development  marks  particularly  the  high  degree  of  de- 
velopment found  in  man.  As  we  have  seen  in  the  human  subject  each 
part  of  the  cerebrospinal  system  represents  a marked  improvement  up- 
on the  lower  forms  of  life,-  the  characteristic  high  development  of  the 
spinal  cord,  cerebrum  and  cerebellum,  indicating  the  final  point  of  perfec- 
tion reached  in  the  case  of  the  highest  of  all  animals,  man.  This  is  in  line 
with  the  complexity  of  the  bodily  system  as  found. in  man  and  also  the 
psveme  conditions  represented  by  intelligence,  emotion  and  will  bv  which 
the  vegetative  functions  arc  discharged  in  the  maintenance  of  life  both  in- 
dividual and  species,  and  also  the  animal  function  by  means  of  which  he  is- 
conscious  of  a world  outside  of  himself  and  brings  himself  into  conscious 
relation  with  this  outside  world.  Thus  it  is  the  nervous  system  in  man 
m all  its  complex  bearings  that  places  man  at  the  head  of  all  species  of 
r|  ^ttur^^emlowing  him__with  preeminent  glorv  as  thg  climax  of  all  de- 
velopment. But  he  is  not  only  the  culmination  of  development,  he  repre- 
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sents  all  the  lower  stages  in  his  own  development  from  an  embryonic  to 
an  adult  condition,  so  that  all  the  perfection  of  neural  mechanisms  in 
animal  life  contributes  to  the  perfection  of  the  human  neural  mech- 
anism. 

Thejruman  nervous  system  is  continuous  throughout  the  entire  svs- 
teSi-thejayve-  tissue  consistirigngf~miiiulc  iiui  yU". tells  all  aiiW£7rh>- 
gether  to  form  a iiuiled  system.  IlT  flnniivision  ofThe  nervous  system 
into  parts,  tberetore,  the  analysis' is  artificial  and  the  anatomical  separa- 
tion has  no  physiological  significance  except  in  tracing  and  emphasizing 
connections.  The  continuity  of  the  . nervous  system  is  the  means  of 
uniting  all  the  different  parts  of  the  body,  the  impulses  being  carried 
along  the  different  nerve  paths  with  the  result  of  uniting  these  parts  in 
harmonious  action  and  continuous  activity.  In  addition  to  the  unison  of 
all  the  parts  an  important  factor  is  found  in  connection  with  this  other 
fact,  that  all  impulses  must  travel  to  the  central  nervous  system.  As  we 
have  seen  in  the  development  of  the  nervous  system  from  an  immature  to 
a mature  condition  the  increasing  evolution  of  the  parts  and  of  the  whole 
nervous  system  goes  on  side  by  side  with  that  of  the  complete  organism 
of  the  system  so  as  .to  complete  the  connection  of  all  the  parts.,  The  con- 
nections become  also  more  delicate  and  are  more, freely  and  firmly  estab- 
lished so  that  relations  that  formerly  werei  m possible  become  perfectly 
naturals  • The*  increased  complexity  of  the  system,  therefore  involves  the 
greater  efficiency  of  the  nervous  mechanism  and  its  better  adaptation  to  the 
functional  activity.  This  adaptability  implies  the  possibility  of  so  regula- 
tingthe  development  of  the  system  as  to  make  it  capable  of  doing  what  other- 
wise under  different  conditions  it  would  not  do.  It  is  here  that  we  come 
to  the  realm  of  consciousness  and  enter  the  field  of  conscious  develop- 
ment, for  while  physiology  alone  is  the  science  with  which  we  deal  in  dis- 
cussing the  nervous  system,  it  cannot  be  forgotten  that  psychology  ex- 
plains many  of  the  physiological  phenomena  and  particularly  the  modifi- 
cations taking  place  during  physiological  development,  which  results  in  a 
higher  nervous  condition  than  that  found  apart  from  consciousness.  Bv 
the  study  of  development  in  connection  with  the  central  nervous  system 
we  are  able  to  find  out  the  arrangement  and  structural  value  of  the  differ- 
ent parts  of  the  system  and  by  the  comparison  of  the  different  parts  as 
found  in  different  grades  of  animal  life  we  are  able  to  find  out  the  physio- 
logical functions  belonging  to  different  parts  of  the  system.  Develop- 
ment is  especially  of  value  in  enabling  us  to  follow  out  the  different  paths 
into  which  the  white  matter  of  the  central  system  is  divided.  The  medul- 
lation  does  not  take  place  in  all  the  parts  at  the  same  time,  for  example, 
the  pyramidal  tract  is  found  to  be  non-medullated  at  birth. 

Very  early  in  the  development  of  the  vertebratejgxistence  the  neural 
canal  is  found  as  a furrow  in,  the  epiblast  in  connection  with  the  blasto- 
derm. The  sides  of  the  medullary  furrow  develop  internally  until  coales- 
cence takes  place  when  the  canal  is  completed.  After  its  completion  the 
anterior  portion  expands  in  the  formation  of  the  embr  yonic  vesicles  so  that 
throughout  the  entire  central  system  there  is  a tubular  canal  in  connec- 
tion with  the  cerebro-spinal  axis.  This  primary1  canal  continues  in  the 
adult  condition  representing  the  ventricular  cavities  6f  the  brain  and  the 
spinal  canal  in  the  spinal  cord.  It  is  in  connection  with  the  walls  of  this 
canal  that  the  cerebro-spinal  axis  is  developed  and  also  the  roots  of  the  an- 
terior spinal  nerves.  The  spinal  ganglia  originate  in  connection  with  a 
number  of.  epiblastic  enlargements  which  are  found  developed  along  the 
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external  walls  of  the  neural  canal.  The  gang-lion  cells  are  bi-polar  so  that 
from  each  pole  there  is  developed  a cell  process,  one  peripherally  and  one 
centrally,  to  bind  the  ganglia  to  the  cord.  In  connection  with  the  poster- 
ior brain  vesicle  is  developed  the  pons  and  cerebellum,  in  connection  with 
the  mid-vesicle  the  corpora  quadrig-emina  and  the  crura,  while  the  fore 
brain  gives  rise  to  the  third  ventricle  and  theopticthalami.  Laterasecond- 
arv  fore  brain  vesicle  is  developed  anteriorly  in  connection  with  the  roof  of 
which  the  cerebral  hemispheres  are  found  and  in  connection  with  the 
floor  the  corpora  striata  and  the  olfactory  lobes.  In  connection  with  this 
secondary  fore  brain  there  is  the  formation  of  the  optic  vesicles  on  each 
side  of  the  fore  brain,  a portion  of  the  epiblast  developing  into  a lens  pro- 
ducing- an  indentation  in  the  nerve  substance,  the  concave  part  of  which 
corresponds  with  the  retina  and  the  convex  with  the  choroid,  the  branch- 
ing- proces  representing  the  optic  nerve.  In  the  development  of  the  cen- 
tral system  we  find  the  nerve  elements  in  connection  with  the  fibres  and 
cells,  the  essential  portion  of  the  fibres  being  the  axis  cylinder  that  is  pro- 
jected as  a process  of  the  cell,  medullation  being  a result  of  the  active  de- 
velopment of  the  axis  cylinder  process.  The  nerve  cells  represent  the 
most  important  part  of  the  neural  substance  and  they  are  found  closely 
pa  cited  in  the  cerebral  substance,  the  basal  ganglia,  sympathetic  and 
scattered  ganglia  of  ttieArga n i s m . I n the  branch ing'of  the  prnrESSe'iT'of 
these  ceils  tne  processes  become" woven  together  in  the  formation  of  the-  • 
charatenstlc  plexuses  which  next  to  the  grouped  cells  form  the  mosflm- 
portant  element  of  the  neural  substartdel  The  cofinective  tissue  of  the 
central  system  consists  of. ordinary  connective  tissue  originating  from  the 
mesohlast  and  of  the  neuroglia  that  arose  ou  t of  the,  epiblast.  The  entire 
cerebro-spinal  axis  is  encased  in  .four  concentric  sheaths.  (1)  Close  to  the 
cavity  of  bone  in  which  the  substance  lies  is  the  dura  mater:  (2)  close  to 
the  neural  substance  the  pia  mater  which  corresponds  with  the  brain  con- 
volutions and  cord  fissures  furnishing  the  vascular  connection  to  the 
nerve  tissue;  (3)  between  the  outer  and  inner  sheaths  is  the  double  arach- 
noidal membrane  divided  from  the  pia  mater  by  a layer  of  .cerebro-spinal 
fluid.  Running  out  from  the  pia  mater  are  processes  that  constitute  the 
f ra m e wo rk  ot  the  non-neurai  substance,  the  interstitial  parts  beingf  filled 
in  wmn  iranching  filaments  froin  the  neuroglia  cells.  In  thl-  wav  soli- 
ditv  is  given  to  the  neural  substinTccT"  * 

SECTION  Ilf.  'The  Physiology  of  the  Nerve  Cell. 


In  dealing  with  the  nervous  system  the  plan  to  be  followed  is,  (lj  a 
discussion  of  the  nerve  cell  in  order  to  understand  how  this  unit  element 
ill  the  nervous  system  acts  physiologically.  (2)  A discussion  m1~  i1~i‘*  com- 
bination oi  nerve  cells  in  the  system  as  found  in  groups,  because  here  we 
have  the  basis  of- connected-activities .orTtbe  part  of  the  neural  elements. 

' ? 1 -Vyliscussion  of  the  neural  system  taken  as  a whole,  in  which  the  dis- 
* 1 n five  functions  of  the  nerve  mechanism  are  discussed . 

/ he  nerve  cell  consists  of  a cell  substance  including-  the  nucleus  and 
1 hese  nerve  branches  may  be  prolonged 


vAli.l,A;ilK'l)cs-  These  nerve  branches  may  be  prolonged  so  as  to  lorni 
nervefibren  or  they  may  be  shortened  simply  form  ingprotuberations  and 
bl  anchings.  'The  nerve_ceILmc.lud.es  the  cell  substance  and  its  braiiches 
or  processes,  together  subject  to  the  control  of  the  nucleus.  There  are 
great  differences  in  the  ncrv-c  cells',  the  branches  varying-  and  also  the 
shapesof  thei  cells.  In  the  main  cells  there  is  a cell  body  and  one  princi- 
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pal  branch  called  the  neuron  in  relation  to  the  cell  body  from  which  it  is  an 
outdevelopment.  The  cells  from  this  standpoint  are  sometimes  arranged 
according-  to  the  number  of  their  branches,  mononeu^ic^in^ncT^ln 
connection  with  the  neura  we  find  also  subsidiary  Branches  coming-  off  at 
differ  ent  par  ts  of  the  process.  1 he  branches  often  assume  a complex  ap- 
pearance in  the  form  of  branches  from  a tree  trunk  and  are  hence  called 
(lend runs.  The  cell  is  normally  oval  in  shape  althoug-h  it  is  subject  to 
much  variation,  the  diameters  of  these  cells  varying-  from  .,01  to  .1  of  a mm. 
In  connection  with  the  cell  substance  two  elements  have  be e ffTb u n dj  t h e 
one  constituting-  a stroma  which  is  continuous  with  the  minute  fibres  of 
the  nerves  and  the  other  a granular  mass  enclosed  in  the  meshes  of  the 
stroma.  These  granular  masses  are  very  subject  to  stimulation,  indica- 
ting- the  variation  that  takes  place  in  connection  with  nerve  irritation. 
These  nerve  cells  are  larg-e  compared  with  the  other  tissue  cells  of  the 
body,  the  nucleus  being-  small,  .decreasing-  as  the  cell  enlarg-es.  The 
chief  characteristic  of  the  cell  is  the  extent  of  the  development  of  its  prin- 
cipal branch,  the  neuron,  which  is  the  enlargement  of  the  cell  substance, 
these  branches,  varying-  in  certain  cases  from  50  to  100  centimeters  in  the 
central  and  peripheral  systems.  Some  of  the  neura  are  short  where  the 
cell  body  passes  quickly  into  the  smaller  branches.  When  the  cell  body 
is  estimated  volumtericaily  for  example,  the  pyramid  cells  found  in  the 
cortex  cerebri  are  found  contain  about  4,000  cubic  micra,  the  volume  of 
the  cell  neuron  varying  according-  to  the  leng-th  of  the  branch  and  its 
diameter.  The  dendronic  branches  also  vary  considerably,  none  being- 
found  in  the  spinal  g-ang-lia  while  in  the  cerebellar  cells  they  are  larger 
then  the  cell  body  in  volume.  The  minute  subdivisions  of  the  branches 
represent  a larger  volume  than  the  cell  body.  The  cell  body  and  the 
branches  vary  in  different  animals  being  larger  proportionately  in  man 
than  in  the  lower  animals.  In  the  smaller  mammals  the  cells  are  small  al- 
though not  proportionately  to  the  size  of  the  body.  This  is  due  to  the 
simple  structure  of  the  nervous  system  in  the  lower  animals  as  compared 
with  man.  In  smaller  animals  the  neuron  is  not  of  the  same  length  as  in 
larger  animals  so  that  the  diminution  corresponds  with  the  body.  The 
cells  including  the  neura  are  found  to  be  quite  large  in  small  animals,  yet 
as  the  nervous  system  is  less  in  size  relatively  there  is  a diminished  num- 
ber of  cells. 

In  the  human  subject  these  large  cells  represent  a great  number  of 
living  elements  in  which  we  find  stored  up  energy,  this  stored  up  energy 
being  found  in  connection  with  the  cell  substance  and  being  liberated 
understimulation.  When  these  large  cells  branch  very  abundantly  wehave 
connection  freely  and  fully  established  with  the  surrounding  tissues  and 
organs  indicating  not  only  lai'ge  energy  capacity  but  also  large  distribu- 
ting power  in  the  case  of  such  energy  being  liberated.  The  cell  extends 
out  into  branches  that  divide  up. into  dendrons  and  neura,  so  that  the  cell 
contains  a .large  proportion  of  tissue  elements  capable  of  metabolism,  so 
that  as  the  cells  arc  larger  the  metabolism  is  increased.  These  large 
ceils  have  therefore  an  abundance  of  material  and  also  free  connections 
with  the  tissues  of  the  body  as  branches  so  that  the  larger  the  cells  the 
greater  the  influence  exerted  on  the  system.  The,  elements  of  these 
nerve  cells  arise  from  the  germ  cells  in  the  embryonic  epiblast,  the  spher- 
ical cells  being  found  about  the  third  or  fourth  week  of  the  embryonic  life, 
the  germinal  cells  dividing  in  the  formation  of  new  cells;  one  of  the  new 
cells  takes  the  place  of  the  old  and  the  other  migrates  further  from  the 
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surface  so  as  to  form  a neurobl^ist.  This  neuroblast  formation  goes  on 
in  the  embryonic  life  for  about  twelve  weeks,  these  neuroblasts  being-  at 
iirst  migratory  cells  possessing-  characteristic  amoeboid  movements. 
T hose  movements  are  determined  by  the  principle  of  cellular  attraction 
ancf  repulsion,  their  position  after  the  close  of  the  foetal  life  in  the  adult 
~~deter mining-  the  character  of  the  tissue.  In  the  early  stag-es  of  neuro- 
blastic  growth  the  cells  become  polarized,  that  is  the  point  of  neuron 
growth  becomes  fixed  and  the  direction  of  neuron  growth  established  so 
that  no  variation  takes  place  afterwards.  When  the  cells  after  develop- 
ment become  mixed,  the  neuron  not  occupying  its  proper  position  in  the 
developmentof  direction  we  find  an  arrangement  such  as  exists  in  the  brain 
of  congenital  idiocy.  During  the  development  of  the  nerve  cell  we  find  in 
addition  to  the  neuron  polarization  and  growth,  the  formation  and  develop- 
ment of  the  dendronic  branches,  together  with  enlargement  of  the  sub- 
stance of  the  cell  and  the  neuron  and  the" chemical  change  that  takes  place- 
in  the  cell  substance,  these  changes  taking  place  at  variable  periods  in  the 
life  history.  In  the  classification  of  the  cell  the  neuron  is  the  most  im- 
portant element.  The  physiological  value  of  the  cell  in  its  relation  to  the 
nerve  impulses  is  that  it  constitutes  a channel  for  nerve  connection. 
When  the  impulse  enters  a cell  it  travels  through  it  and  along  the  neuron. 
In  the  primitive  cell  all  the  different  branches  performed  this  function,  for 
tllg. stimulation  of  a part  of  the  cell  or  of  its  branches  established  com- 
munication with  the  entire  cell,  the  entire  cell  giving  a response. 

~"Tfr  rhe  formation  of  the  branches  they  become  therefore  nerve  paths 
along  which  impulses  pass  usually  entering  along  one  branch  and  passing 
out  along  "another  branch  or  other  branches,  at  least  in  the  fully  develop- 
ed  cell.  In  the  human  subject  we  find  two  varieties  of  these  branching 
cells,  the  one  in  which  numerous  branches  arise  both  in  connection  with 
the  neuron  and  the  dendronic  divisions;  while  in  the  other  we  find  simply' 
two neura  arising  out  ot  tne  cell  bodvTthese  branches  being  meduilated  and 
running  in  opposite  directions,  no  dendrons  being  fountT  These  can 
only  be  followed  in  connection  with  their  evolution.  In  the  last  case  the 
cell  must  have  been  bi-polor  each  pole  giving  origin  to  a neuron.  In  con- 
nection with  the  cells  of  the.spinal  ganglia  there  is  only  a single  neuron 
with  double  branches;  from  each  pole  arises  originally  one  neuron  the  cell 
body  falling  to  the  side  of  the  two  neura  the  two  passing  into  one  another, 
while  the  cell  body  is  divided  from  the  single  neuron  by  a fibre  from  which 
the  two  neura  pass  as  branches.  It  has  been  inferred  that  two  fibre 
paths  are  bound  up  in  the  single  branch  representing  the  spinal  ganglia 
and  the  cells  found  in  the  cortex  cerebelli,  the  single  branches  having  a 
two  fold  function  of  leading  out  and  taking  in  the  impulses  to  cell 
body. 

1 his  gives  us  two  classes  of  these  cells,  (1)  those  in  which  we  find  a 
single  path.  Primitively  the  cells  had  two  neura  at  each  pdle  but  these 
m the  evolution  of  the  cell  have  been  connected  together  in  the  same 
branch,  a stem  being  developed  which  unites  them  to  the  cell  body,  the 
impulse  passing  in  and  out  along  the  same  branch  which  represents  a 
■ikmEe  pathway:  Here  there  4t*e  no^endrorfic  branches.  (2)  We  have 

the  cell  which  has  a neuron  and  various  dendronic  branches,  the  impul- 
-iMS.^Cnera^^  coming  in  by  the  branches  and  leaving  along  the  neuron. 

1 hese  represent  the  spinal  and  pyramidal  types.  When  the  character- 
istic type  of  cells  has  been  developed  there  is  a continuous  development  in 
size  on  the  part  ol  the  branches,  the  diameter  increasing  to  four  or  live 
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times  its  original  size. 

encompassed  by  a medullary  sheath.  Two 
ed  as  to  the  origin  of  the  axis  cylinder;  the  first  "is  that  the  axis  arb 
of  minute  filmy  fibres  moving  inside  a peculiar  plasma  that 


In  the  neuronic  branch  we  find  an 

opinion  have 


axis  cvl i n d e r 
been  advanc- 
out 

is  a.  pcLuiiai  piitsiud  cnat  coagulates 

around  the  fibres,  the  fibres  being  the  nerve  impulse  conductors.  Ac- 
cording to  the  second  view  there  is  a spongy  stroma  intermingled  with*a 
semi-liquid  plasmic  substance  out  of  which  the  axis  cylinder  is  formed. 
According  to  the  first  theory  it  is  claimed  that  we  have  an  explanation  of 
the  different  kinds  of  fibres  found  within  the  same  nerve ; but  these 
minute  fibres  do  not  pass  through  the  sheath  without  branching  as.  these 
fibres  become  divided  at  least  towards  the  peripheral  ends,  these  branches 
being  too  numerous  to  permit  of  believing  that  along  the  whole  path  these 
isolated  fibres  range  unbroken.  According  to  the  other  view  the  impulses 
pass  through  the  plasmic  substance.  On  the  other  hand  if  the  axis  cvlin- 
der  consists  of  a series  of  minute  tubules  formed  amid  the  meshes  of*  the 


spongy  stroma  at  varying  angles,  the  anastomosis  will  be  so  frequent  as  to 
prevent  the  possibility  of  regarding  the  pathway  of  impulse  as  isolated 
and  continuous  along  the  entire  axis  cylinder  path.  As  the  axis  evlinder 
becomes  enlarged  these  minute  tubules  are. increased,  as  it  derives  nutri- 
ment along  the  whole  course  of  its  path  and  not  simply  from  the  cell  sub- 
stance at  the  one  extremity.  When  the  branches  of  the  cell  have  devel- 
oped  then  begins  the  formation  oT  the  medullary  sheath~  l'h-e  ncura  are 
not  all  medullated  and  the  medullation  is  not  complete  i n any  heura. 

Both  in  the  sympathetic  and  the  cerebro-spinal  systems  we  find  mi  m hereof 
unmeduilated  fibres.  The  physiological  value  of  this  sheath  is  unkjmwn. 
although  it  is  suggested  that  it  isolates  the  fibres  ..with  in  the  sheath  so  as 
to  preserve  intact  the  channel  through  which  the  nerve  impulse  passes, 
thus  preventing  a break  in  the  impulse  communication.  Others 
that  it  exists  for  trophic  purposes  in  order  to  sustain  the  normal  nutrition 
of  the  nerve  fibre.  It  has  been  found  by  the  application  of  stimulation 
that  certain  fibres  loseltheir  irritability  and  their  power  of  conductivity  at 
the  ppmt-wfiere a strongelectric  stimulation  is  applied.  Thisis  particular- 
ly so  in  the  case  of  the  vaso-constrictor  fibres.  (This  only  occurs  where 
the  fibres  are  mimed pllated-  Tfig  medullated  fibres  are  originally  non- 

m yd u Hated  and  it  is  claimed  that  medullation  rrprr^axU^Ufimhii>'hest  point: 
of  development  in  the  case  of  the  nerve  cell  and  its  branches.  In  proof  of 
tins  it  is  saidThat  some  of  the  fibres  do  not  attain  to  their  functional  activ- 
ity  until  they  become'fully  medullated.  It  is  a q ucstion,  however,  whether 
this  cTepencls  upon  medullation  or  on  the  establishment  of  connection  with 
other' tissue's,  this  connection  being  supposed  by  some  to  be  the  -basis 
both  of  functional  activity  and  medullation.  By  establishing  connec- 
tions with  the  branches  of  other  "cells  of  with  the  tissues  a pathway  for 
the  passage  of  the  impulses  is  opened  up  and  in  this  way  the  fibres  be- 
come active.  This  connection,  however,  is  established  in  the  case  of  the 
non-medullated  as  well  as  the  medullated  so  that  medullation 
does  not  necessarily  determine  function.  Wherever  medullation  does 
take  place  the  sheath  is  formed  before  the  maturity  of  the  nerve  fibre. 
In  the  peripheral  parts  medullation  is  determined  by  the  existence  of  cer- 
tain nerve  cells 'that  form  an  encompassing  sheath  around  the  nerve  fibres, 
the  various  cells  being  regulated  by  nuclei  about  the  center  of  the  cell 
su bs tan ce.  Tim  pmT  nf  hm 

ill  .the.  nerve  fibre.  The  sheath  bee  ones  thicker,  as.  the  a.GcufiilUfidm'  uc- 
velops,  the  portion  between  the  axis  and  the  sheath  being  maintained  in 
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the  gradual  development.  As  the  tibre  grows  the  distance  between  the 
ryotenes  also  increases-  These  nodular" segments  represent  the  trophic 
centers,  the  many  nodes  indicating-  the  conditions  in  favor  of  proper  nutri- 
tion in  the  normal  interchange  between  the  fibres  and  the  plasmic’  sub- 
staiiye.  The  nodes  represent  the  points  at  which  the  axis  cylinder  re- 
ceives  its  nutrition  hence  where  the  nerve  fibres  are  more  active  these 
notches  ar.e  more  numerous.  In  the  central  system  medullation  takes  a 
longer  time  to  complete  as  compared  with  the  peripheral  system  which  is 
completed  before  the  end  of  the  fifth  year,  while  in  the  central  system 
particularly  in  the  cortex  cerebri  the  process  goes  on  from  30  to  35  years. 
NiLgn  education  is.  found  in  connection  with  the  neuron  when  it  is 'found 
in_jthe_embryonic  condition  of  the  cell,  medullation  taking  place  all  along 
the  fibres  at  the  same  time. 

The  medullated  sheath  is  not  found  on  the  neuron  close  to  the  cell  or 
in  connection  with  the  branches  when  distributed  in  tissues,  the  sheath 
representing  therefore  the  phy^inlngi^al  function  in  connection  with  the 
nykldlgjortion  of  the  iierveJibres.  The  medullation  therefore  is  not  pro- 
gressive but  represents  complete  development.  Some  of  the  branches  of 
the  neuron  are  also  medullated,  this  taking  place  when  the  branches  form 
their  connections  the  medullation  representing  complete  development. 
During  the  progress  of  these  changes  in  the  neuron  and  the  branches  the 
cell  body  is  also  changing.  The  chromatic  substance  in  connection  with 
the  cell  substance  becomes  more  plentiful  on  account  of  the  increase  in 
number  of  the  pigmentary  granules.  This  nerve  cell  while  it  progresses 
with  the  development  of  life  also  declines  with  the  decay  of  life.  The 
evolutionary  processes  that  charactized  the  changes  from  immaturity  to 
maturity  are  reversed,  the  cell  substance  is  diminished  in  size,  the  nucleus 
becoming  smaller,  the  chromoplasm  is  diminished,  the  cell  substance  con- 
tains large  vacuoles,  the  dendronic  branches  become  atrophied  and  the 
•neura  also  diminish  in  size;  sometimes  the  whole  cell  is  absorbed  and  dis- 
appears. This  process  of  shrinkage  may  go  on  until  the  entire  nerve  cell 
disappears  by  absorption.  In  this  way  accompanying  the  diminution  in 
\olume  we  find  a corresponding  decrease  in  cell  activity  and  a decrease  in 
the  power  to  influence  other  cells. 

1 hese  nerve  cells*fforpi  the  nerve  path  along  which  certain  impulses 
tiavel.  I his  implies  that  in  the  nerve  cell  there  is  a capacity  of  receiving- 
and  transmitting  impulses.  The  impulse  when  communicated  to  the 
nerve  cell  is  manifested  Iff  an  undultatory  molecular  variation  transmitted 
along  the  fibre  from  the  point  where  the  impulse  originates.  The  varia- 
tion represents  an  electric  impulse  moving  with  a certain  velocity  depend- 
ing upon  the  condition  of  the  nerves,  warmth  increasing  the  rapiditv  and 
cold  diminishing  it.  It  is  estimated  that  in  a human  subject  an  impulse 
travels  with  a velocity  of  about  35  mm.  per  second.  Stimulation  can  be 
applied  aX  any  point  along  the  nerve  fibre  if  the  stimulation  is  sufficiently 
strong-  and  if  the  fibre  is  sufficiently  subjected  to  stimulation.  Such  stim- 
ulation may  be  applied  in  the  form  of  heat,  electricity,  chemical  or  mech- 
anical stimuli,  but  all  of  these  are  artificial  and  consequently  differ  fro 
normal  stimulation  arising  from  cell  changes,  these  artificial  stimuli  pr 
(lucing- a stronver  varintion  dlprti-i.'-ilKr  : 1..„  ..j / 


>m 

ig  a stronger  variation  electrically.  When  a nerve  impulse  starts  it 
continues  tot  ravel  along  the  same  nerve  path  until  it  reaches  some  central 
pom  wher  e it  is  received  or  distributed,  no  radiation  talcing  place  along 
w neive  path,  these  representing  the  medullated  neura  from  the  celh 
J ncse  nerve  paths  correspond  with  the 


t _ cells, 
’cell  neura  and  the  centers  with 
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the  cells  located  in  the  cerebro-spinal  system. 

The  question  arises  whether  in  the  case  of  a single  cell  with  its 
branches  such  changes  take  place  and  such  phenomena  are  manifested 
under  stimlation.  It  is  true  that  when  the  cells  are  grouped  together  and 
the  neuronic  branches  are  united  to  form  peripheral  nerves  such  stimu- 
lation affects  the  grouped  cells  but  does  not  exist  in  the  single  cell.  The 
single  cell  is  so  small  that  it  is  difficult  to  experiment  directly  upon  it. 
The  principle  as  found  in  the  combination  of  cell  is  usually  applied  to  the 
single  cell  elements.  In  the  single  nerve  cell  nervous  impulses  enter  in  a 
certain  direction,  although  thitdependson  stimulation,  for  the  nerve  cell  be- 
ing ■stimulated  at  a certain  point  the  impulse  may  travel  in  two  directions 
instead  of  one.  For  example,  when  an  impulse  enters  a cell  in  connection 
with  the  spinal  cord  at  the  anterior  root  there  is  no  passage  of  the  impulse 
into  the  other  part  of  the  cord,  so  that  while  impulses  pass  from  the  nerve 
fibres  to  the  nerve  cells  in  the  cord,  impluses  pass  from  the  nerve  cells  in 
the  cord,  the  impulses  do  not  pass  in  the  reverse  direction.  In  the  case 
of  the  spinal  ganglion  on  the  posterior  root  we  find  cells  that  are  dineuric. 
one  branch  entering  the  spinal  cord  and  another  extending  to  the  peri- 
phery.  Normally  impulses  pass  from  the  peripheral  end  towards  the 
cord  passing  into  the  cord  to  be  distributed  by  the  nerve  fibres.  If  the 
cord  is  divided  just  above  the  point  of  entrance  of  the  posterior  root  and 
stimulation  is  applied,  the  variation  is  noticeable  on  the  peripheral  side  of 
the  spinal  ganglia.  In  this  case  stimulation  is  applied  to  the  spinal  end  of 
the  ganglion  cell,  the  impulse  traveling  through  the  one  branch  of  the  cell 
body  entering  the  cord,  then  through  the  cell  body  in  the  ganglion  and  in- 
to the  opposite  neuron.  The  question  is,  does  an  impulse  pass  or  mav  it 
pass  in  two  directions.  It  would  seem  that  in  connection  with  the  di- 
neuric  cells  there  may  be  an  impulse  in  both  directions.  If  the  posterior 
root  is  stimulated  and  the  spinal  cord  divided  transversely  above  the  point 
of  the  root  entrance  there  is  not  found  to  be  any  stimulation  passing  cen- 
trally. The  cells  originating  the  anterior  roots  are  connected  physiologic- 
ally by  fibres  with  the  other  spinal  cord  cells,  but  when  the  anterior  root, 
is  stimulated  no  impulse  is  found  to  passfrnm  cell  tn  cell  rentra~TTy~  In 
the  case  of  the  posterior  root  it  seems  to  be  different  although  in  reality  it 
is  the  same.  Here  the  cell  body  is  in  the  spinal  ganglion  and  the  cells  are 
dineuric,  one  neuron  reaching  out  peripherally  and  one  centrally.  Nor- 
mally impulses  pass  from  the  periphery  internally.  Stimulation  of  the 
posterior  roots  therefore  may  give  rise  to  impulses  in  both  directions  in 
connection  with  the  cord.  If  however  the  sensory  column  of  the  cord  i> 
stimulated  above,  the  origin  of  the  posterior  root  at  the  cross  section  it 
is  found  that  a variation  takes  place  on  the  peripheral  side  of  the  spinal 
ganglion  and  indicating  the  passage  of  an  impulse  opposite  to  the  normal 
direction.  These  stimulations  have  taken  place  in  connection  with  the 
neura  of  the  spinal  ganglion  cells  so  that  the  stimulation  has  passed 
entirely  through  the  single  cell  and  its  processes. 

Thus  the  impulses  may  pass  in  either  direction  in  the  case  of  the 
dineuric  cell.  This  how  ever  would  not  take  place  in  the  intact  cord  be- 
cause the  stimulus  must  j applied  to  the  end  of  the  neuron.  In  the 
central  nervous  system  i.v supposed  that  impulses  pass  by  a series  of 
such  transmissions,  the  impulse  passing  from  cell  to  cel!,  each  cell  arous- 
i i ;■  into  acivity  the  nei  , a ooring  cell.  if  a cell  receives  an  impulse  from 
me  of  its  neura  and  tlien  transmits  it  to  another  cell  through  another 
neuron,  these  cells  must  be  regarded  not  simply  as  paths  for  the  passage 
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of  impulses,  but  as  distributors  of  impulses;  in  other  words  physioloj^i pal- 
ly every  cell  botLv  Is  n ^nh<irlbn-y  ypptpr  In  this  case  the  impulse  must 
enter  the  nerve  cell -passing-  along  the  np.qp  and  entering  the,  cell  either 
through  the  stem  or  through  In  this  way  there  inay  be  a 

double  pathway  along- which  the  impulse  may  travel  in  reaching  the  cell. 
The  impulses  thus  received  must  pass  out  of  some  of  the  branches  and 
the  same  condition  would  exist  if  the  neuron  originates  from  a dendronic 
base  arising  from  the  cell  body,  the  impulses  coming  along  the  dcndrons 
and  passing  out  by  the  neura,  in  both  cases  passing  along  the  common 
part.  The  question  arises  whether  the  branches  of  the  cell  are  necessary 
for  the  reception  and  transmission  of  such  impulses  and  therefore  for  cell 
functionality.  In  the  case  of  a fish  it  has  been  proved  that  the  cells  of  the 
spinal  cord  can  pass  impulses  without  any  branches  being  developed,  in- 
dicating- that  the  impulse  transmission  depends  upon  the  cell  condition 
rather  than  the  development  of  the  branches.  Thus  a modification  of 
tlm  cell  wall  may  take  place  by  which  connection  for  impulses  is  establish^ 
ed  between  neighboring-  cells  without  any  branches  being  formed  or  before 
their  formation.  This  modification  must  take  place  both  for  the  recep- 
tion and  transmission  of  impulses.  There  is  no  doubt,  however,  that 
where  cell  branches  are  developed  it  is  a peculiar  function  of  these 
branches  to  form  such  connections.  Thus  the  cell  form,  particularly 
the  form  of  the  cell  wall,  and  the  development  of  the  branches  represent 
important  functions  in  connection  with  the  receiving  and  giving  out  of  im- 
pulses, each  dendron  representing  one  path  along  which  impulses  may 
enter  the  cell.  Where  the  branching  is  complicated  there  is  a capacity  on 
the  part  of^the  cell  to  give  and  receive  numerous  stimuli.  In  the  evolution 
of  the  cell  this  takes  place.  The  primitive  cell  has  no  dcndrons  but  first 
we  find  the  neuron  and  later  the  dendrons  indicating  that  this  branching 
process  goes  on  to  maturity  becoming  more  complicated  till  perfection  is 
reached. 

\\  hen  the  impulses  reach  the  cell  certain  chemical  changes 
take  place  resulting  in  the  sending  out  of  the  impulse  from  the  cell*  vary- 
ing according  to  the  changes  that  have  taken  place  within  the  cell.  This 
variation  is  not  known  except  in  so  far  as  the  strength  of  the  stimulus  al- 
ters the  intensity  of  the  negative  variation,  the  stronger  the  stimulus  the 
greater  tlie  variation.  Iiyyve  add  the  multiple  influences  of  a vast  number 
<d  such  cells  we  can  form  an  estimate  of  the  varying  intensity  of  an  im- 
puisc  as  it  passes  along  the  nerve.  After  the  impulse  leaves  the  cell  it 
depends  upon  a number  of  such  events  taking  place  along  the  path.  By 
stimulating-  the  motor  region  of  the  cerebrum  in  the 
monkey  it  is  found  that  a single  contraction  takes  place 
followed  by  a number  of  shorter  contractions  indicating  that  when 
the  main  stimulation  has  left  the  central  cell  there  arc  following  rhythm- 
ical \ai  iations.  It  is  estimated  that  in  the  case  of  the  nerve  cells  in  the 
spinal  cor  d impulses  are  discharged  at  the  rate  of  10  per  second,  estimat- 
ed  itorn  the  rate  of  the  production  of  tetanus.  The  spinal  and  cortical 
cc  s discharge  impulses  at  the  same  rate.  It  has  been  supposed  that  a 
net  \e  cell  may  be  stimulated  at  any  point  although  there  is  no  evidence  to 
wai  this  out.  As  the  cell  lie  embedded  in  the  ends  of  other  cell  branches 
11  iiS  imPoss'blc  to  nay*  whether  the  impulse  passes  directly  from  cell  to 
ce  oi  thiough  the  neura.  It  is  probable  that  every  part  of  the  nerve  cell 
is  su  oject  to  stimulation  and  hence  possesses  irritabilitp.  It  cannot  be 
proved  that  by  stimulating  directly  the  cells  discharge  takes  place. 


/ 


THE  PHYSIOLOGY  OK  THE  NERVE  CELLS. 


Wherever  the  cells  are  found  they  seem  to  be  embedded  in  neuronic  ter- 
minals originating- from  other  cells;  hence  all  the  different  parts  may  be 

said  to  be  excitable.  Side  by  side  with  irritability  as  a nervous  property 
is  conductivity  although  there  are  parts  of  the  nerve  fibre  in  which  con- 
ductivity is  pi esent  while  irritability  is  absent.  If  the  phrenic  nerve  is 
laid  open  and  compressed  by  the  fingers  the  diaphragm  contracts.  After 
the  exhaustion  of  this  pait,  if  near  to  the  cord  the  nerve  is  again  com- 
pressed by  the  fingers  the  diaphragm  contracts.  After  the  exhaustion  of 
this  part,  if  the  nerve  is  still  compressed  diaphragm  contraction  will  still 
result.  Thus  after  the  irritability  has  ceased  conductivity  still  continues 
active.  The  same  thing  is  true  in  the  case  of  degenerated*  portions  of  the 
nerve  when  passing  through  regeneration.  Although  they  will  not  re- 
spond to  direct  stimulation  they  will  carry  stimulation  from  an  irritable 
part  that  is  normally  developed  and  matured.  This  indicates  the  possible 
presence  of  conductivity  all  along  the  nerve  paths  both  in  the  cell  bodies 
and  their  branches.  What  amount  of  stimulation  is  necessary  to  secure  a 
discharge  in  the  case  of  a single  cell  is  not  sufficiently  understood,  although 
in  the  case  of  a single  cell  a single  stimulus  produces  a single 
impulse.  It  is  probable,  however,  that  to  sustain  the  transmission  of  im- 
pulse a summation  of  stimulations  is  necessary,  the  discharge  taking 
place  in  connection  with  this  steady  stimulation.'  The  necessitv  for  this 
continued  stimulation  may  arise  from  the  fact  that  certain*  chemical 
changes  take  place  in  connection  with  the  reception  and  discharge  of  the 
impulse  by  the  cell,  possibly  the  time  is  occupied  in  the  passage  from  one 
cell  to  another.  These  chemical  processes  represent  the  metabolism  of 
the  nerve  cell  which  is  continuous.  During  the  cell  katabolism  certain 
substances  are  formed  by  breaking  down  the  cell  substance  which  re- 
sesults  in  the  discharge  of  the  energy  of  impulse,,  producing  such  a 
change  in  the  walls  of  the  cell  that  it  is  possible  for  osmosis  to  take  place 
in  connection  with  cell  nutrition.  In  tins’ way  the  transmission^  " 
pulses,  including  the  changes  that  talcepIarWlWTmmeiTiOTrirtTirtlie  cells 


has  an  important  bearing  on  the  nutrition  of  the  cell.  The  changes  are 
most  active  m connection  with  the  ceil  when  the  blood  captHaTtgs  sui^ 
round  the  cells.  In  regard  to  the  chemical  changes  that  take  place  in  the 
cell  little  is  known  except  that  during  cell  activity  the  nerve  substance  be- 
comes less  alkaline  at  times  becoming  slightly  acid.  The  passage  of 
nerve  impulses  is  necessary  to  the  preservation  of  the  trophic  condition 
of  the  cells  for  if  the  cells  cease  to  be  active  they  degenerate.  This 
arises  from  the  fact  that  by  the  passage  of  these  impulses  certain 
changes  take  place  that  have  a trophic  influence  upon  the  nerve  tissue  and 
the  arrest  of  these  changes  leads  to  an  atrophied  condition. 

This  is  evident  in  the  case  of  the  amputation  of  limbs  those  nerves  be- 
coming atrophied  that  cease  to  possess  functional  activity  after  the  remov- 
al of  the  limb.  The  neuronic  portions  arising  from  the  cells  located  in 
the  anterior  horns  of  t ■ spinal  cord  or  when  the  cells  of  the  spinal  cord 
itself  are  removed.  In  : he  latter  case  the  impulse  is  prevented  from  en- 
tering because  of  the  i eruption  of  the  peripheral  function;  and  in  the 
former  case  the  impulse  is  prevented  from  being  delivered  from  the  cell 
bv  the  destruction  of  the  peripheral  portion.  In  the  case  of  the  spinal 
ganglion  cell  the  nerve  path  by  which  impulses  pass  into  the  ganglia  is 
partially  destroyed  although  some  impulses  do  pass  as  is  manifest  from 
the  sensations  that  are  felt  even  in  the  case  of  the  amputation  of  the  limb. 
The  spinal  cells  are  thus  cut  off  from  one  of  the  pathways  of  the  impulse 
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namely  those  that  reach  the  cord  through  the  posterior  roots,  although 
other  pathways  of  stimulation  remain.  Similarly  the  efferent  nerve  path 
is  cut  off  and  certain  Impulses  pass  outward  to  the  ends  of  the  amputated 
limb.  These  impulses  tend  to  contract  the  muscles  surrounding-  the 
stump  indicating  that  the  efferent  impulses  mark  the  discharge  from  the 
cells.  Hence  the  fibres  although  losing  their  connection  in  the 
amputated  limb  still  retain  their  activity.  If  the  afferent 
impulses  are  cut  off  from  the  cell  or  group  of  cells,  then  the  cells  become 
more  or  less  atrophied  by  the  destruction  of  these  fibres,  indicating  that 
the  activity  of  the  cells  possesses  nutritive  value  and  that  the  different 
cells  physiologically  aid  in  the  nutrition  of  each  other. 

^ TheTeils  vary  much  in  their  power  of  using  the  nutririient  surround- 
ing them.  Tissues  are  liable  to  become  exhausted.  By  the  use  of  the 
induced  current  in  stimulating  afferent  fibres  it  is  found  that  changes 
take  place  in  the  cells.  By  experiments  in  connection  with  the  spinal  cord 
of  a cat  it  has  been  found  that  the  artificial  stimulation  of  the  cells  by 
electric  irritation  produces  changes  in  the  cell  bodies.  The  prolonged 
stimulation  applied  for  fiive  hours,  the  stimulation  being  applied  for  15 
seconds  in  every  60,  resulted  in  a shrinkage  of  the  cells  and  the  flattening 
of  the  sheath  nuclei,  the  shrinkage  depending  upon  the  time  during  which 
stimulation  was  applied,  being-  greater  the  longer  the  time  during 
which  stimulation  takes  place,  so  that  the  change  depends  on  the  stimula- 
tion and The  length  of  application!  If  Has  been  demonstrated  that  this 

change  in  the  cells  is  physiological  as  the  cat  recovered  by  a period  of 
resfcafter  such  changes  were  produced.  The  question  arises  does  this 
change  take  place  in  the  living  condition.  By  the  use  of  the  nervous  tis- 
sue of  the  cells  of  the  sympathetic  ganglia  of  frogs  it  has  been  demonstrat- 
ed that  these  changes  take  place  in  the  nerve  cells  in  the  living  subject, 
the  resting  condition  representing  the  large  spherical  form  of  the  cells 
and  the  shrunken  condition  representing  the  change  upon  the  cells  by  ac- 
tivity. The  frogs  were  kept  alive  by  means  of  a nutritive  process  accord- 
ing to  which  the  cells  were  nourished.  Still  further  experiments  were 
made  on  animals  killed  at  the  end  of  a resting  period  and  at  the  end  of  an 
active  period,  indicating  the  existence  of  the  changes  already  found. 

1 hesc  changes  then  take  place  normally  in  the  human  subject,  the  changes 
varying  according  to  the  degree  of  stimulation  and  the  amount  of  nutrient 
plasma  surrounding  the  cells.  Thus  there  are  certain  definite  changes 
tailing  place  in.  the  cell  bodies  in  connection  with  nervous  activitv,  the 
larger  cifflaJiecomingcontracfed and  the  rounded  nuclei  becoming  flattened, 
these  changes  representing  the  normal  passage  of  impulses  through  the 
cells.  In  connection  with  the  cells  there  may  be  abnormal  conditions  rep- 
i esented  by  the  nutrition  as  in  cases  where  poisoning  takes  place  either 
b\  the  use  of  a poisonous  substance  or  in  connection  with  the  toxic  sub- 
stances arising  from  diseased  conditions,  the  cells  being  affected  mater- 
ially. In  the  case  of  the  nerve  branches  from  the  cell  no  such  chano-es 
have  as  yet  been  found  to  take  place. 

* (-Ttjrc..  cfll[  body  is  subjcvlln  lire,  control  of  the  nucleated  part, 
the  nucleated  part  being  therefore  the  most  important.  If  a nerve  fibre 
is  cut  off  from  the  cell  body  from  which  it  has  developed  the  fibre  will 
soon  degenerate,  the  degeneration  taking  place  at  the  same  time  along 
t le  entire  fibre.  I his  degeneration  consists  of  degeneration  or  disinteg- 
ration of  the  axis  cylinder  which  graduallly  disappears,  the  medullated 
part  being  absorbed  leaving  the  primitive  sheath  and  the  nuclei  of  the 
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sheath.  During  the  degeneration  themedullaxy  sheath  chajQg e s ei) emu. a 1 - 
ly-hut_the_change  isnot  understood^  In  the  non-medullated  libres  degen- 
eration takes  place  rapidly  the  changes  taking  place  in  the  central  part  of 
the  external  portion  and  the  nuclei  remaining  intact.  In  the  central,  ner- 
vous system  the  peripheral  parts  of  the  fibres  which  are  divided  from  the 
cell  body  degenerate.  Thus  the  nervous  system  is  under  the  control  and 
dependent  for  nutrition  upon  the  cell  body.  Section  of  the  posterior  root 
at  the  peripheral  side  of  the  spinal  ganglion  in  the  case  of  the  spinal 
nerves  results  in  degeneration  along  the  fibres  to  the  peripheral  side  of 
the  ganglion.  Section  of  the  posterior  root  on  the  spinal  side  of  the  spinal 
ganglion  causes  degeneration  of  the  nerve  fibre  to  the  spinal  side  of  the 
cell  body.  Section  of  the  anterior  root  causes  degeneration  to  the  peri- 
pheral side.  In  both  cases  the  degeneration  takes  place  on  the  side  away 
from  the  cell  body.  When  section  of  the  nerve  takes  place  there  isalwavs 
central  degeneration  to  the  next  Ranvier  node  as  well  as  p-.-riphwrai  <f<-- 
generation.  Degeneration  on  the  central  side  beyond  this  node  depends  on 
circumstances.  If  the  regeneration  is.  prevented  certain  changes  take 
place,  namely,  the  cessation  of  development  and  the  atrophvof  the  affected 
part.  In  the  case  of  the  removal  of  a limb  these'  changes  are  noticeable  in 
connection  with  the  cells  of  the  spinal  cord.  In  the  case  of  voung  animals 
when  nerves  are  removed  from  their  connection  with  the  spinal  svstem 
they  are  severed  just  at  the  junction  with  the  spinal  system.  In  this  way 
when  afferent  nerves  are  removed  atrophy  takes  place  in  the  cell  body  in 
connecTion  with  the  spine  and  any  of  the  cell  branches  within  the  spine, 
these  disappearing  entirely.  The  reason  of  this  is  that  in  growing  animals 
the  struggle  for  existence  is  so  strong  that  these  weakened  cells  cannot 
compete  with  complete  cells,  that  is,  the  complete  cells  with  their  attach- 
ments. This,  has  an  important  bearing  on  the  human  subject  as  certain 
injuries  during  the  foetal  file~affect  these  bodies  preventing  development, 
resulting  in  the  abnormal  condition  of  certain  parts  of  the  spinal  system. 
It  has  not  been  proved  that  such  a disappearance  of  cells  does  takes  within 
the  central  system  or  the  spinal  ganglia  as  in  most  cases  it  has  only  re- 
sulted in  atrophy  of  the  cell. 

If  the  severed  ends  of  a divided  nerve  are  brought  together  the  fibres 
may  be  completely  regenerated.  While  the  dissolution  and  absorption,  of 
the  medullary  sheath  is  taking  place,  the  nuclei  and  the  protoplasm  in 
proximity  with  the  nuclei  enlarge  forming  new  substance  inside  the. old 
sheath.  Later  there  is  formed  a new  sheath  over  the  new  su bsfiance 
forming  a new  embryonic  fibre  on  each  side  of  the  division,  union  taking 
place  in  this  new  substance.  Around  the  nuclei  of  the  sheath  new  parts 
are  formed  constituting  a new  tubular  sheath  the  new  axis  cylinder  fol- 
lowing- the  formation  of  this  tubular  part  and  slightly  later  in  develop- 
ment. The  formation  of  the  axis  cylinder  takes  place  last  in  the  regen- 
eration process  although  it  is  the  most  important  part.  The  growth  of 
the  axis  cylinder  takes  place  from  the  central  end  representing  the  pro- 
cess of  formation  out  from  the  cell  body  just  as  in  the  embryonic  forma- 
tion of  the  neuron  from  the  cell.  The  regenerated  fibre  at  first  is  small 
in  size,  growth  taking  place  gradually  in  assuming  the  normal  size.  Con- 
ductivity appears  first  in  the  new  fibre  just  as  it  was  the  last  to  disappear, 
irritability  appearing  later,  indicating  that  regeneration  takes  place  in 
distinct  stages  the  restored  function  marking  those  regeneration  changes. 
Even  in  the  restoration  i irritability  to  the  new  fibres  there  is  a res- 
ponse to  electrical  stim  ..  anon.  It  is  not  known  that  the  regen  i a. ion 
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process  takes  place  in  the  central  nervous  system.  In  the  case  of  de- 
generation of  the  posterior  roots  between  the  cord  and  the  ganglion  the 
regeneration  takes  place  from  the  central  end  by  thegrowth  of  the  central 
part,  thegrowth  inthis  part  being  slow,  the  sensibility  returnsbefore  mobil- 
ity indicating  also  a difference  in  the  restoration  of  function.  In  the  case 
of  regeneration  of  nerves  the  fibres  appear  to  follow  the  old  nerves  under 
the  guidance  of  the  old  sheath.  Butin  the  case  of  a nerve  there  are  both 
afferent  and  efferent  fibres  and  the  question  is,  does  the  exact  regeneration 
take  place  in  those  afferent  and  efferent  fibres  on  the  old  basis.  Attempts 
have  been  mad  eto  connect  the  cut  ends  of  distinct  nerves,  for  example,  the 
medianand  ulnar  nerves  of  a dog,  the  result  beinga  regeneration  of  the  dis- 
tinct nerves  without  any  lack  of  coordination  and  with  distinct  movement  and 
sensation.  It  is  impossible  to  explain  this  as  the  different  functions  of  the 
fibres  do  not  seem  to  have  interfered  with  sensation  and  motion  although 
the  nerve  paths  were  united  crosswise.  Langley  cut  the  pre-ganglionic 
nerve  fibres  going  to  the  superior  cervical  ganglion  in  the  cat,  these  fibres 
springing  from  the  first  to  the  seventh  thoracic  nerves.  By  allowing  re- 
generation to  take  place  he  found  that  each  fibre  united  with'  ifs  own  char- 
acteristic cell  process  indicating-  that  in  the  regeneration  process  the  fibres 
had  the  power  of  selecting  its  cell  origin  and  that  in  the  selection  it  made 
the  original  selecton.  The  question  arises  can  there  be  the  formation  of 
an  entirely  new  cell  or  cell  elements  in  the  process  of  regeneration,  •f'here 
seems  to  be  no  evidence  of  the  formation  of  new  cells  in  connection  with 
the  central  nervous  system,  at  least  in  the  human  subject.  Experiments 
are"  cited  In  which  in  some  lower  animals  new  cell’s  have  developed  al- 
though these  seem  to  have  developed  from  embryonic  cells.  In  the  case 
of  injuries  to  the  central  nervous  system  there  is  no  evidence  of  any  .cell 
division  or  nuclei  division.  It  has  been  reported  that  such  a cell  division 
takes  place  in  some  of  the  lower  animals  in  connection  with  the  spinal 
cord  but  even  in  these  cases  it  is  probably  due  to  the  enlargement  of  al- 
ready existing  embryonic  cells.  Changes  that  do  arise  therefore  depend 
upon  the  enlargement  of  embryonic  cells  which  mark  the  early  stages  of 
growth  in  the  nervous  system.  A cell  if  injured  or  atrophied  can  not  be 
replaced  by  an  absolutely  new  cell  in  the  case  of  the  central  nervous  sys- 
tem. 


ACTION  IV.  The  Physiology  of  Cell  Combination. 

1 he  nervous  system  consists  of  certain  pathways  from  the  external 
to  the  internal  representing  the  movement  of  impulses,  these  pathwavs 
being  certain  localized  centers  of  activity.  The  nervous  system  while 
consisting  of  certain  paths  and  centers  forms  a unit.  Bor  arrangement 
it  is  usually  divided  intif a'central  system  and  a peripheral  system  but 
neithci  of  these  divisions  is  natural  nor  independent,  being  considered 
simply  in  their  separation  for  the  purposes  of  arrangement.  In  the 
nervous  system  we  find  three  groups  of  nerve  elements:  (1)  Central 

yells  with  their  neura  which  lie  inside  the  central  system  whose  function 
is  to  receive  and  distribute  the  impulses  along  the  nerve  paths.  (2)  Af- 
f.ercnt_nerye  cells  along  which  impulses  pass  from  peripheral  portions  to 
tile  cential  nervous  system.  (3)  Efferent  nerve  cells  representing  the 
cell  branches  that  pass  from  the  cell  bodies  inside  the  central  system  to 
t le  different  parts  of  the  body  outside  the  centra*  system.  In  this  is  in- 
cluded those  efferent  elements  whc.se  cells  lie  in  the  central  system  and 
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those  outside  the  central  system  found  in  the  sympathetic  ganglia  and  the 
scattered  plexuses.  The  posterior  roots  in  connection  with  the  spinal 
ami  cranial  nerves. represent  the  only  pathway  into  the  central  system. 
After  reaching-  the  nerve  the  impulses  enter  cells  passing  fromTellto  cell 
in  their  way  internally  in  the  central  system.  Thus  the  afferent  impulse 
passes  from  cell  to  cell  until  it  reaches  the  cell  which  discharg-es  it  along 
an  efferent  path  passing  out  from  the  central  system,  the  anterior  roots 
passing-  either  to  the  muscles  or  the  sympathetic  ganglia;  the  fibres 
passing  through  the  latter  and  terminating  in  plexuses  or  at  least  in  th 
tissues.  The  spinal  cord  consists  of  nerve  centers  and  nerve  fibres  an 
represents  a collection  of  reflex  centers  and  a transmitter  of  nervous 
pulses.  The  §pinal  cord  conveys  impressions  in  two  directions  bv 
afferent  paths  which  enter  the  cord  by  the  posterior  roots  of  the  spinal 
nerve.  The  .impulses  almost  immediately  pass  over  to  the  opposite  side 
of  the  cord  and  pass  upward!  Hence  section  of  one  half  of  the  cord  pro- 
duces  loss  of  sensation  on  the  other  side  of  the  body  in  the  area  supplied 
below  the  line  of  section.  Impulses  travel  downward  in  the  antero-lateral 
column  and,  then  passant  wards  along  the  interior  roots  of  the  nerves  on 
the  same  side.  Hence  section  of  one  half  of  the  cord  produces  muse u la r 
paFalysls  on  the  same  side  of  the  body  over  the  area  supplied  below  the 
line  of  section.  In  this  latter  case  there  are  two  classes  of  efferent  cells, 
(1)  those  , whose  cell  bodies  lie  inside  the  central  spinal  system,  the 
branches  representing  the  anterior  spinal  roots,  and  those~“wh'ose  cell 


bodies  lie  in  the  p e r i p h er al  gan gl i a o u t s i d e t h cr ce n t nil  nervous  system. 

The  central  nervous  system  represents  the:la.rge  mass  by  hull,-  nf  tho. 
neryous~systFirr^.ncr also  a~m uch  greater  number  of  cell  bodies  than  the 
afferent  and  efferent  elements.  Thus  the  cell ’'elements  in  the  central 
system  are  the  most  important  representing  the  function  of  distribution 
and  reception;  it  is  in  these  that  the  increase  in  complexity  is  found  as- 
sociated with  the  development  of  the  nervous  mechanism.  In  the  earlv 
embryonic  stages  the  cells  have  no  connection  being  at  first  isolated  from 
each  other  and  later  forming  branches  which  have  not  as  yet  developed 
their  connections.  In  development  towards  complete  neural  organization 
this  connection  becomes  fully  established  by  means  of  the  neuronic  and 
minnte  cell  branches,  especially  in  the  development  of  the  dendronic  and 
the  neuronic  branches  and  in  establishing  their  relations  to  each  other. 
In  the  cells  of  the  cortex,  for  example,  the  branches  gradually  increase  in 
number  representing  the  evolution  from  the  lower  to  the  higher  verte- 
brates. These  increasing  branches  increase  the  size  of  the  cortex  sub- 
stance having  an  important  functional  bearing  upon  nutrition  and  also  in- 
creasing the  capacity  of  receiving  impulses,  the  dendronic  branches  repre- 
senting the  receiving  parts  of  the  cells.  As  these  dendrons  increase  the 
variety  of  internal  impulses  is  increased.  In  the  afferent,  central  and  ef- 
ferent cells  we  find  two  neura,  the  impulses  entering  at  one  neuron  and 
passing  out  through  the  central  neuron  that  has  a great  number  of 
branches  in  the  central  system  cells.  In  the  case  of  the  central  cells  \ye. 
find  great  variation  in  the  number  of  brandies,  being  very  TTumerous  in 
the  pyramidal  cells  of  the  cortex  and  very  few  in  number  m the  posterior 
horns  of  the  gray  matters  Kach  cell  is  independent  in  formation,  the  out- 
growth from  the  cell  representing  the  neura  and  the  other  branches.  In 
the  human  subject  cell  communication  seems  to  be  established  in  the_case 
of  the  central  system  bv  means  of  cell  contact  and  not  by  the  union  of  Jin? 
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different  wavs.  In  the  case  of  the  cells  of  Purkinje  in  the  cerebellar  coi*- 
tex  ihc  > d\\  -'oMtid  to  terminate  in  the  basket  shaped  frame  of  the 

neura  of  . :e  pyramidal  cells,  in  this  case  the  connection  taking-  place  be- 
tween tie  cell  bily  :nd  the  neuron  terminals.  In  this  case  the 
dendrons  do  not  represent  the  only  path  along-  which  impulses  pass  that 
affect  cells. 

The  nervous  system  consists  of  cell  elements  that  approximate  to- 
gether althoug-h  they  are  not  continuous.  How  then  does  the  impulse 
pass  from  one  cell  element  to  another  ? The  passage  of  impulses  will  de- 
pend on  chemical  chang-es  taking-  place  in  the  connecting-  points  of  the 
branches,  these  chang-es  taking-  place  slowly.  Thus  the  stimulation  pass- 
ing- to  the  terminals  stimulates  the  substance  that  intervenes  between  the 
one  and  the  other  of  the  branches.  When  an  impulse  is  broug-ht  to  the 
spinal  cord  throug-h  the  posterior  roots  it  is  received  in  the  cells  in  which 
the  neura  terminate.  Hence  the  first  element  is  the  determination  of  the 
way  in  which  the  posterior  roots  end  in  the  cord  and  are  distributed. 
When  the  afferent  neuron  enters  the  cord  it  divides  into  tw’O  branches, 
the  short  one  passing-  towards  the  periphery  and  the  larg-e  one  towards 
the  brain  passing-  over  the  whole  leng-th  of  the  cord  or  the  greater  part  of 
it.  1 hese  branches  are  connected  with  the  spinal  cells  by  means  of  sub- 
ordinate branches.  These  central  cells  form  series  throug-h  which  im- 
pulses are  transmitted  so  that  the  effect  may  be  produced  on  the  efferent 
cells  directly  or  the  stimulus  may  pass  along-  the  cord  to  a distant  part. 
Along  the  length  of  the  cord  there  are  31  afferent  roots  on  each  side, 
them  being-  an  efferent  root  anteriorly  corresponding  with  each  poster- 
ior  root.  In  this  way  the  whole  length  of  the  cord  is  divided  into  homol- 
ogous segments,  the  segmentary  arrangement  following  the  pairs  of 
spinal  nerves.  The  efferent  cells  are  located  at  the  same  level  as  the  ef- 
ferent fibres  originating  from  them.  In  the  case  of  the  afferent  fibres 
they  enter  into  the  cord  and  are  not  limited  to  any  definite  segment  area 
as  are  the  efferent  roots,  these  springing  immediately  from  the  cell  bodies 
in  the  segment  of  origin.  Yet  we  find  that  each  segment  contains  a num- 
ber of  central  cells  which  are  connected  with  the  afferent  and  efferent 
roots.  1 his  segment  division  of  cells  is  not  so  complete  in  the  human 
subject  as  in  some  of  the  lower  vertebrates.  In  this  wav  we  have  a bi- 
latcral  symmetry  more  or  less  perfect  in  the  arrangement  of  the  cord  and 
the  afrerofff  and  efferent  fibres.  The  symmetry  is  not  perfect  as  cell 
is  not  e . My  balanced  by  cell  on  the  twro  sides  of  the  cord,  although  in  the 
';inK‘  / • tb-6-  number  of  cells  is  the  same.  Throughout 

the  entire  central  system  we  find  neuronic  branches  passing  from  one 
side  to  the  other  as  in  the  intersection  of  the  pyramidal  fibres  and  in  the 
postei  ior  commissure  of  the  spinal  cord.  This  may  be  effected  in  the 
cells  of  the  central  system  either  by  the  neuronic  or  the  subsidiary 
bi  anenesof  the  cell  bodies.  These  commissural  fibres  representonly  a small 
pai  t of  the  central  system.  r\  he  neura  of  the  posterior  root  enter  the 
posterior  column  of  the  cord  and  do  not  cross  while  the  neura  of  the  effer- 
cHl  cells  cross  in  connection  with  the  anterior  commissure,  although  it 
mostTv~The 


, , , c IS 

fj&ura  of  the  central  cell  that  cross.  The  crossing  takes 
place  in  connection  with  the  central  cells  either  through  the  neura  or  their 
b ranches. 

In  the  embryonic  condition  the  spinal  canal  represents  a tube  with  in- 
[ ented  sides,  each  side  of  the  tube  being  divided  into  an  anterior  and  pos- 

iCl  I or  part.  r\  fnrni  nrimititfrt  1 - » 4-  /-» I*-*  W..W  1 7I11..-.1  11 
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which  latei  have  different  functions.  The  neura  coming  in  from  the 
spinal_ganglia  center  in  the  posterior  plate,  the  cells  in  the  anterior  nEte 
givmg.rise  to  the  other  neura.  in  both  plates  are  found  central  cells  par- 
ti c u laxly, at  the  junction  of  the  plates.  The  branches  of  the  afferent  cells 
are  found  in  both  plates  so  that  in  this  way  the  central  cell  lies  between 
the  Lift  i ent  cell  and  the  neuron  of  the  afferent  cell.  As  we  pass  ”teT  the 
brain  and  the  basal  ganglia  we  find  that  the  central  cells  only  are  found, 
which  correspond  with  the  central  cells  ’fbund  in  the  spinal  cord.  Im- 
pulses are  supposed  primarily  to  originate  at  the  periphery,  although  the 
s.Hi!al  cord  is, not  .merely  engaged  in  the  transmission  of  impulses,  the 
nerve  centers  it  contains  being  capable  of  originating  nervous  impulses 
under  the  influence  of  afferent  stimuli.  Thus  it  is  necessary  to  have  an 
external  stimulus  in  connection  with  an  end  plate  organ.  During  normal 
life  stimulation  is  constantly  taking  place  so  that  the  nervous  system  is 
constantly  subject  to  the  stimuli  that  produce  changes  varying  with  the 
vai  lations  in  the  stimuli  and  also  with  the  chemical  changes  in  the  cell 
bodies.  If  the  stimulus  imparted  to  the  nerve  in  the  form  of  an  impulse 
ti'avels  through  a single  nerve  fibre  the  impulse  will  vary  directly  with 
the  stimulus  in  strength.  If  one  cell  impulse  arouses  another  cell  impulse 
there  is  a variation  in  the  impulse  due  to  the  changes  taking  place  in  con- 
nection with  the  transmission  of  the  impulse  If  the  impulse  only  passes 
through  a single  neural  element  the  response  is  directly  proportional  to 
the  stimulus;  but  when  the  impulse  passes  from  one  cell  to  another  there 
is  greater  variation  depending  on  the  effect  of  the  stimulation  passed 
from  one  element  to  the  other.  As  it  enters  the  central  system  there  is 
found  to  be  complexity  of  the  elements.  In  this  way  the  impulse  is  pass- 
ed along  the  central  system  with  a diminished  intensity  this  diminution 
taking  place  in  connection  with  the  minute  branching  of  the  cell  branches. 
Thus  impulses  passing  into  the  central  nervous  system  are  distributed 
and  also  they  become  weakened,  until  terminating  in  an  afferent  cell,  the 
impulse  is  discharged  along  an  efferent  path.  The  impulse  in  its  passage 
thus  reaches  a large  number  of  cells  and  it  is  discharged  from  these  cells 
in  its  transmission  from  one  to  the  other;  and  all  the  cells  it  enters  do  not 
necessarily  discharge  an  impulse,  so  that  this  does  not  represent  the  only 
pathway  along  which  it  may' pass  in  its  passage  through  the  central  sys- 
tem. The  nervous  system  is  thus  kept  in  a constant  state  of  stimulation, 
so  that  impulses  reaching  the  central  system  affect  it  with  varying  de- 
grees of  intensity,  their  variation  depending  upon  the  fibres  and  their  cell 
connections  and  also  upon  the  physiological  and  chemical  condition  of  the 
cells. 

In  the  case  of  contraction  of  the  extensor  muscles  of  the  knee  by  a 
blow  upon  the  tendons  below  the  knee  there  is  an  extension  of  the  leg,  a 
jerk  taking  place  from  the  knee  joint.  It  is  found  that  the  variation  in  this 
jerk  corresponds  with  the  changes  in  the  spinal  cord  at  thepoint  from  which 
the  nerves  emanate.  Great  variation  is  found  in  different  persons  at  dif- 
ferent periods.  The  greatest  variation  is  found  in  the  passage  from 
wakefulness  to  sleep  and  vice  versa.  The  value  of  this' is  found  in  the 
fact  that  it  may  be  used  as  a means  of  testing  the  spinal  cord.  If  the 
lumbar  portion  of  the  cord  is  injured  or  its  connection  with  the  upper 
centers  is  cut  off  there. is  found  to  be  no  response.  Possibly  other  reac- 
tions may  be  obtained  of  a similar  nature  at  different  parts  of  the  system, 
but  these  indicate  that  every  stimulation  brought  to  bear  on  the  spinal 
cord  have  an  effect  upon  it  so  that  if  we  take  account  of  the  very  numerous 
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normal  stimulations  which  are  constantly  passing-  into  it  and  affecting-  the 
responsiveness,  we  can  see  the  influence  that  is  exerted  upon  the  system 
as  a whole.  The  extent  of  this  modification  resulting-  from  impulses 
brought  to  the  central  system  depends  on  the  condition  of  the  fibres  and 
also  on  the  condition  of  the  central  cells  when  the  impulse  reaches  those 
central  cells.  Hence  where  the  afferent  nerves  have  the  greatest  central 
connection  we  fimTThat  the  influence  is  greatest  as  for  example  in  connec- 
tion with  the  first,  second  and  eighth  nerves- 

In  regard  to  the  condition  of  the  central  cells  it  is  found  that  great  al- 
terations m the  effect  produced  by  incoming  impulses  depends  upon  the  use 
of  certain  substances,  particularly  drugs.  Thus  the  physiological  and 
chemical  condition  of  the  cells  may  be  materially  influenced  by  the  use  of 
drugs.  The  frog  poisoned  by  strychnine  is  found  to  be  very  easily  tetan- 
ize37 the  strychnine  ab'cflmuTafing  in  the  spinal  cord  substance,  the  result 
being  that  very  slig-ht  stimulation  produces  a tetanic  contraction  of  the 
muscles  and  g-ives  a very  ready  response.  It  is  supposed  that  strychnine 
acts  upon  the  bodies  of  the  central  cells  and  also  upon  the  terminal  points 
of  the  central  impulses  in  the  cord  or  afferent  cells.  In  the  central  sys- 
tem the  diffusion  of  impulses  depends  also  on  the  association  of  cells  so  as 
to  secure  the  wide  diffusion  of  impulses.  The  diffusion  of  the  efferent 
impulses  depends  upon  the  cell  arrangement.  When  the  impulses  are 
sent  out  from  the  cells  they  pass  out  of  the  cord  by  the  anterior  roots  al- 
though they  may  pass  from  the  lateral  and  posterior  roots  where  these  are 
found  reflected  in  connection  with  the  cord.  The  impulses  thus  sent  out 
from  the  cells  along-  the  neuronic  branches  (1)  may  be  distributed  to  the 
voluntary  muscle  fibres.  In  this  case  there  is  simply  a distribution  of  the 
impulses  to  the  region  controlled  by  the  fibres.  No  diffusion  takes  place 
in  the  motor  fibres  themselves  there  being-  simply  a distribution  in  con- 
nection with  the  efferent  nerves.  (2)  These  impulses  may  also  pass  to  the 
sympathetic  ganglia.  The  sympathetic  system  including  the  gangliaand 
plexuses  are  connected  with  the  efferent  branches  from  the  central  ner- 
vous system.  In  the  sympathetic  system  we  find  mononeuric  nerve  cell 
bodies,  with  or  without  dendronic  branches.  After  leaving  the  spinal 
cord  by  the  efferent  neura  we  find  the  ganglia  in  which  there  is  a group 
oi  nerve  cells,  the  neura  for  these  cell  bodies  passing  out  towards  the 
nerve  plexuses.  In  the  ganglia  we  find  a number  of  cell  bodies,  larger  in 
number  than  the  neura  from  the  spinal  cord  thus  increasing  the  nerve 
paths  towards  the  peripheral  pleuxses.  Thus  we  have  certain  fibres 
originating  in  the  spinal  cells  called  pre-ganglionic  and  others  originating 
in  the  spinal  ganglia  passing  out  to  the  periphery  called  post-ganglionic. 

1 he  former  fibres  are  intercepted  in  the  ganglia  and  are  medullatcd,  or- 
iginating from  the  thoracic  to  the  5th  lumbar.  According  to  Langlev  no 
sympathetic  cell  gives  out  branches  to  another  sympathetic  cell.  The 
fibres  originating  in  the  ganglia  are  mostly  non-medullated  although  some 
arc  medullatcd  at  least  periodically  along  the  fibre  path.  The  cells  in  the 
ganglion  are  not  connected  together  although  various  fibres  enter  into  the 
cells  from  the  spinal  cord  cells.  The  neura  from  the  cerebro-spinal  cells 
end  in  the  ganglia  so  that  pre-ganglionic  branches  end  in  a number  of 
ganglion  cells,  these  cells  sending-  neura  to  the  periphery.  When  the 
lu-uionu,  branches  pass  from  the  ganglia  towards  the  peripheral  plexuses 
hc\  form  a great  number  of  branches  representing  the  diffusion  of  the 
impulses  either  in  plexus  form  in  connection  with  the  internal  organs  and 
blood  vessels  or  as  sympathetic  fibres  to  the  periphery.  The  pre-gan- 
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g-liomc  fibres  are  connected  with  a number  of  ganglia  cells  so  that  as  the 
impulses  leave  the  ganglia  they  are  increased.  At  the  same  time  the 
grouped  cells  of  the  ganglion  are  not  connected  together. 

Normally  the  striatedand  unstriated  muscle  tissues  are  in  condition  of 
tonic  contraction.  If  the  nerves  supplying  the  muscle  tissues  are  cut  the 
tonic  contraction  gives  place  to  relaxation.  If  the  cord  is  extirpated  the 
efferent  impulses  that  keep  the  muscle  in  a state  of  tonic  contraction  are 
destroyed,  the  muscles  becoming  relaxed.  If  in  a frog  the  brain  is  re- 
moved the  muscles  are  still  found  to  be  contracted.  If  the  sciatic  nerve 
on  one  side  is  then  cut  the  leg  on  that  side  becomes  relaxed.  This  seems 
to  indicate  that  impulses  are  constantly  passing  to  the  muscles  from  the 
central  system  that  preserve  muscle  tonicity.  The  difference  in  the  de- 
gree of  the  impulses  sent  from  the  cord  represents  the  difference  in  the 
condition  of  the  muscles,  found,  for  example  in  those  who  exercise  the 
muscles  as  compared  with  those  who  take  no  exercise.  In  the  case  of 
ipsanitv  the  tonic  contraction  of  the  muscles  is  to  a large. -elfeH  lost.'  at 
least-in  some  cases, 'depending  upon  the  loss  of  nutritive  elements  in  con- 
nection  with  the  central 'nervous  system.  It  is  this  that  gives  the  ma- 
niac those  characteristic  facial  and  muscular  expresions  that  represent 
want  of  activity  and  are  called  expressionless.  In  some  cases  of  violent 
insanity  the  changes  from  the  one  condition  to  the  other  represent  mark- 
ed changes  in  the  nervous  impulses  transmitted  from  the  central  system 
to  the  muscles.  The  same  flow  of  impulses  from  the  central  system  is 
associated  with  gland  activity,  representing  the  neural  basis  of  metabolic 
changes.  Even  in  the  final  struggle  of  life  represented  by  death  we  find 
the  nerve  tissue  undergoing  a chemical  change,  originating-  impulses; 
which  after  passing  to  the  motor  fibres  product  the  characteristic  rigor- 
mortis  or  cadaveric  condition.  If  an  animal  is  suddenly  killed  and  if 
one  sciatic  nerve  is  at  once  cut  the  rigor  mortis  will  begin  very  much 
sooner  in  the  leg  in  which  the  sciatic  is  intact,  indicating  that  the  nerve 
connections  with  impulses  passing  along  these  nerve  connections  modifv 
the  after  death  conditions.  When  the  normal  nervous  impulses  are  allowed 
to  pass  after  the  body  death  the  changes  producing  rigor  mortis  are  more 
characteristic.  Thus  we  find  afferent  or  sensor y nerves  representing 
varying  impulses  passing  into  the  central  nervous  system  from  the  sen- 
sory system,  the  impulses  passing  into  the  cerebro-spinal  system  at  the 
point  of  connection  with  the  cerebro-spinal  system.  The  impulse  passes 
from  the  afferent  to  the  central  cells  several  pathways  being  opened  in  con- 
nection with  these  central  cellsallof  these  being  usually  traversed  by  theim- 
pulses.  These  impulses  arouse  a response  which  takes  place  through 
efferent  cells,  the  response  representing-  impulses  emanating  from  the  cen- 
tral nervous  system  to  be  diffused  among  the  ganglia,  plexuses  and  finally 
passing  to  the  muscles  and  secretory  tissues.  Tim  affm-pnt  impulses 
are  limited  to  the  sing-le  pathways  represented  by  the  single  cells,  where- 
as the. efferent  impulses  in  passing  through  the  sympathetic  system  have 
an  enlarged  pathway  representing  larger  diffusion,  at  least  two  elements 
being  opened  up  in  connection  with  the  sympathetic  system. 

The  g-rcat  question  that  arises  then  is  in  regard  to  the  passage  from 
afferent  to  efferent  cells  in  connection  with  the  central  cells  of  the  central 
nervous  system;  and  how  this  transference  takes  place  in  connection 
with  the  central  cells.  Here  the  main  problem  is  that  of  distinction  be- 
tween a voluntary  and  a reflex  action.  Reflex  action  in  the  case  of  the 
transfer  from  afferent  to  efferent  involves  the  absence  of  consciousness, 
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the  action  bein  / dependent  entirely  upon  physiological  conditions  and  re- 
lations. If  the  spinal  cord  is  cut  just  below  the  medulla  so  as  to  cut  off 
all  the  upper  portion  of  the  central  system  the  animal  will  be  in  a collaps- 
ed condition.  On  dissecton  of  the  animal  the  afferent  fibres  from  the 
cutaneous  surface,  the  spinal  cord  and  the  spinal  nerves  passing-  out  by 
the  posterior  roots  will  be  found  intact.  Hence  we  have  the  mechanism 
of  reflex  action,  namely  an  afferent  path,  nerve  cells  in  the  cord  forming 
the  receiving-  and  distributing-  center  aud  an  efferent  path  for  the  out- 
passage  of  impulses.  If  the  cutaneous  nerves  arc  irritated  muscle  con- 
traction will  follow,  the  contraction  following-  the  segmentary  arrange- 
ment of  the  cord  according  to  which  they  are  supplied  with  nervous 
branches.  The  muscle  contraction  depends  on  the  strength  of  the  stimu- 
lation as  well  as  the  length  of  the  continuation  of  the  stimulation  and  the 
number  of  muscles  that  are  supplied  with  nerve  connections  from  the 
same  cell  area.  Normally  the  contraction  represents  not  spasmodic  ac- 
tion but  coordinated  movements.  The  response  in  the  contraction  of  the 
muscles  may  continue  after  the  removal  of  the  stimulation,  if  there  is  suf- 
ficient chemical  change  in  the  cell  or  cells  along  the  path  of  impulse,  the 
chief  changes  taking  place  in  the  central  cells.  After  the  stimulus  is 
plied  there  is  a latent  period  during  which  no  response  is  given,  after 
latent  period  the  response  being  given  in  the  muscle  contraction.  If 
stimuli  are  increased  so  that  there  are  a number  of  single  stimuli  the 
sponse  is  the  result  of  the  summation  of  these  stimuli,  the  impulses  being 
collected  at  some  point  until  there  is  sufficient  force  to  discharge  the  im- 
pulses along  the  efferent  nerve.  This  summation  takes  place  either -in 
the  nerve  cells  themselves  or  else  in  connection  with  the  afferent  fibres 
along  with  these  nerve  cells.  The  various  segments  of  the  cord  have  in- 
dependent functional  activity  in  the  control  of  certain  regions,  the  connec- 
tion of  these  segments  representing  the  coordination  of  impulses  as  to 
time  and  degree  of  stimulaton.  It  is  believed  that  the  cord  of  a frog-  may- 
be divided  into  three  such  segmentary  portions  giving  characteristic  re- 
actions. These  impulses  are  constantly  passing  out  through  the  muscles 
and  secreting  glands,  the  impulses  depending  on  the  strength  and  the 
character  of  the  afferent  impulses.  The  impulses  that  pass  to  the  cord 
upon  stimulation  of  the  afferent  paths  pass  through  varying  changes  be- 
fore being  distributed  and  transmitted  outwards,  indicating  that  the 
cells  receive  and  then  arrange  for  the  distribution  of  these  impulses. 

1 his  may  be  due  to  the  fact  that  impulses  are  not  distributed  in  the  same 
way  in  the  different  cells  or  it  may  be  due  to  the  difference  in  the  matter 
of  responsiveness  in  the  central  and  efferent  cells.  It  must  be  remem- 
bei  ed  that  the  condition  of  the  cells  and  the  body  is  postmortem  so  that 
changes  may  take  place  in  connection  with  the  cells  and  also  the  stimuli, 
so  that  the  muscles  may  not  give  their  normal  stimulation  to  the  central 
system. 
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brainless  frog  the  re- 
sponses are  found  to  be  purposive  the  response  tending  to  remove  away 
from  the  irritation.  By  placin<r  an  acid  on  the  one  side  of  a fro<r  the  limb’ 


ls  r:u';.trd.to  try  and  remoye.it.  Some  physiologists  have  spoken  of  selec- 
tive affinity  in  connection  with  the  central  cell’,  alleging  that  these  cells 
are  capable  of  choice  in  the  distribution  of  the  impulses.  This  so  called 
psychic  element  however  in  the  central  cells  seems  to  follow  physiological 
rather  than  psychological  conditions.  The  difference  as  we  have  said  in 
the  reaction  is  due  to  the  extent  of  the  stimulation,  its  intensity  and  also 
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in  a large  measure  to  the  condition  of  the  central  nervous  system.  It  is 
claimed  that  when  one  foot  is  held  fast  and  acid  is  applied  to  the  body  the 
foot  held  fast  on  the  same  side  as  the  irritant  first  tries  to  remove  it  and 
failing-  the  other  foot  makes  the  attempt.  The  readjustment  however  is 
not  absolutely  accurate.  It  is  better  to  explain  this  on  the  basis  of  the 
diffusion  of  impulses  in  connection  with  the  spinal  cord  without  anv  psv- 
chic  action.  Besides  there  is  much  difference  in  the  intensity  of  the  re- 
sponse to  the  stimulation  in  different  conditions.  In  some  animals  like 
the  fishes  the  spinal  cord  is  much  simpler  the  locomotive  section 
most  constant,  tor  example,  the  duck  can  swim  and  evenfly  with  coordina- 
tion of  movement  when  its  head  is  cut  off.  In  the  ease’oTthe  do tr  if  the 
liun bar  region  is  divided  from  the  rest  of  the  cord  the  animal  can  live  and 
will  continue  to  respond  to  stimulation.  In  the  human  subject  the  rep- 
aration of  part  of  the  cord  from  the  rest  of  the  central  nervous  system  re- 
suttsin  rapid  death,  particular^  if  the  division,  is  sudden.  There  are 
however  cases  in  which  pathological  conditions  have  jira.ctic.allv  mil  off  the 
spinal  cord  from  the  nervous  system  in  connection  with  which  reflpyp^ 
have  been  noticed.  Hitzig  points  out  a case  in  which  an  entire  division 
between  the  last  cervical  ana' the  first  dorsal  did  not  prove  fatal,  the  pati- 
ent living  seven  years.  The  chief  reactions  in  these  cases  are  found  in 
connection  with... the  muscle  contraction  of  the  limbs  under  stimulation  the 
locomotive  reflexes  being  lost.  In  the  human  subject  reflex  reactions  are 
found  chiefly  in  connection  with  the  secreting~~glands  and  the  unstriated 
musete  tissues  of  deglutition,  defaecation,  and  in  connection~with  peristaltic 
movements.  The  whole  vascular  system  is  regulated  reflexlvt  Thus  re- 
flexes  are  chiefly  in  connection  with  the  unstriped  muscles.  It  is  to  be 
noticed  that  reflex  action  may  come  to  be  under  the  control  of  the  will, 
changes  taking  place  probably  in  connection  with  the  development  of  the 
neuronic  branches  from  the  cephalic  ceils  into  the  spinal  cord,  the  con 
cells  being  subject  to  new  impulses  coming  from  the  higher  centers, 
this  way  micturition  and  defalcation  as  well  as  respiration  and  i 
the  heart  pulsation  can  be  controlled  by  the  will.  The  same  thing  i> 
of  certain  reflex  actions  that  disappear  with  the  development  from  immatu  ; - 
it v,  for  example,  the  case  of  slicking  in  a child.  Impulses  tend  to  d::. .. 
over  tHe"central  system  when  they  enter  the  cord.  In  the  brainless  frog 
these  impulses  are  not  allowed  to  diffuse  to  their  utmost.  The  tendency 
in  the  complete  system  is  to  send  the  impulse  through  the  entire  nervous 
system  whereas  in  the  divided  system  the  impulses  after  passing-  to  the 
point  of  division  are  lost  because  there  is  no  power  to  return.  Hence  in 
the  brainless  frog  the  part  absent  yields  no  impulses  and  the  pathways 
are  lessened  for  the  afferent  impulses  bv  the  division  of  the  neuronic 
branches  ot  the  afferent  cells.  A definite  amount  of  activity  in  the  case  of 
the  cell  is  necessary  to  sustain  its  normal  condition,  this  activity  being  the 
basis  of  the  cell  nutrition.  If  the  activity  is  diminished  then  the  power  of 
response  is  also  diminished,  it  is  saicf  thaT’fodip'a  frog  in  a cocaine  solu- 
tion deprives"  the~  central  system  of  the  power  to  respond  to  stimulus  to 
such  an  extent  that  even  sensory  impressions  call  forth  no  response. 
Thus  the  activity  of  the  cell  substance  is  the  basis  of  its  capacity  for  re- 
ceiving and  distributing  impulses. 

A voluntary  action  as  distinguished  from  a reflex  one  implies  the 
freedom  of  the  will  to  change  the  response,  not  only  in  the  form  which  is 
assumed  bv  the  response  but  also  in  the  time  at  which  the  response  is 
given  so  that  delay  in  giving  the  response  may  extend  to  years,  the  stimu- 
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lus  providing-  the  stimulation  that  after  a long  time  results  in  activity. 
The  stored  up  stimulation  may  be  recalled  by  an  association  that  brings 
jt  to  the  front.  Here  consciousness  or  the  psychological  element 
enters  in  to  vary  the  physiological  development.  In  order  to  carrjr  out  the 
complex  voluntary  actions  the  whole  nervous  system  is  called  into  action, 
especially  the  upper,  part  of  th.e  brain  in  which  are  localized  the  higher 
centers.  Reflex  actions  may  take  place  with  afferent  and  efferent  fibres 
and  the  small  segment  of  the  spinal  cord;  whereas  voluntary  actions  invol- 
ve a wider  path  taking  in  the  afferent  system  together  with'the  spinal  cord 
and  the  cephalic  cells  and  also  the  efferent  system  under  the  control  of  a 
lai-ge  number  of  cells.'  Tn  the  finman  subject  the  posterior  root  fibres 
enter  the  cord  in  three  groups,  the  median,  intermediate  and'  lateral 
jjxopps  ofjfibres,  the  last  group  being  very  delicate.  If  the  posterior  root 
is  divided  on  the  spinal  side  of  the  spinal  ganglion  all  these  fibres  degen- 
erate. This  degeneration  is  found  to  reach  down  along  the  posterior  col- 
umn a short  distance  and  up  the  posterior  column  as  far  as  the  lower 
part  of  the  medullary  region  where  the  dorsel  nuclei  are  located.  In  case 
of  section  towards  the  peripheral  end  of  the  coi*d  the  degenerated  fibres 
may  be  found  running  all  through  the  cord  but  only  on  the  side  of  the 
cord  in  which  the  fibres  run.  This  means  that  all  along  the  spinal  cord 
we  find  posterior  fibres  running  the  length  of  the  cord  at  the  same  time 
as  we  find  collateral  branches  which  are  distributed  at  different  points 
along  the  posterior  column,  these  fibres  being  continuous  with  those  found 
in  connection  with  the  horns.  Very  few  of  the  posterior  root  fibres  run 
along  the  entire  posterior  column  of  the'  cord,  those  fibres  in  the  cord  be- 
ing continuous  with  the  posterior  roots,  and,  therefore,  representing  part 
of  the  afferent  system.  The  intermediate  and  lateral  groups  of  fihres  a.W> 
into  the  gray  matter  of  the  cornua  where  theyjfprm  connections  with 
i^ential  and  efferent  AS  well  as  afferent  cells.  The  pathway  for  the  con- 
tinuation of  the  posterior  fibres  therefore  must  be  found  in  connection 
with  the  neuraof  the  central  cells.  If  the  spinal  cord  is  divided  in  one 
lateral  half  the  fibres  degenerate  on  the  side  of  the  section,  although  fibres 
also  degenei  ate  on  the  other  side,  these  fibres  representing 
the  affei  ent  nerve  paths.  Those  impulses  entering  the  cord 
tiom  the  posterior  roots  may  pass  along  fhe  nerve  fibres 
i epresenting  the  continuation  of  these  efferent  fibres,  or  they 
may  pass  through  the  central  cells  and  in  some  cases  to  the  opposite  side, 
l he  lateral  columns  ofthe  spinal  cord  represent  the  afferent  paths  for 
1 m pulses  involving-  motion  and  sensation  on  the  peripheral  side  of  the  sec- 
tipin  Hence  the  fibres  that  degenerate  after  the  hemi-section  represent 
theneura  from  the  central  cells.  These  cells’are  found  along  the  entire 
cord  close  to  where  the  posterior  roots  end.  In  the  medullary  region  we 
hnd  such  central  cells  in  connection  with  the  sensory  fibre’  nuclei,  the 
same  kind  of  nuclear  cells  being  found  in  the  cord  with  homologous  nerve 
' ’T58,  l ^tn  Regeneration  takes  place  in  the  central  system  it  re- 
sults in  the  total  destruction  of  the  nerve  fibre,  the  medullary  sheaths  be- 
ing  modified  and  in  some  cases  a series  of  nerve  cells  being  affected. 

J he  stimulation  of  the  sensory  fibres  of  the  sciatic  nerve  is  found  to 
raise  the  blood  pressure.  By  dividing  the  lateral  columns  of  the  cord 
tne  stimulation  of  the  sciatic  produced  a very  slight  rise  in  the  blood  pres- 
sure, the  effect  being  greater  if  the  lateral  column  on  the  opposite  side  is 
C f J hlS  "?R|Cates  that  lateral  column  represents  an  important 
path  tor  afferent  impulses.  According  to  Gotch  by  stimulating  a post- 
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crior  root  .8  of  the  impulses  pass  along-  the  same  side  of  the  cord  to  the 
brain,  the  remainder  passing-  to  the  opposide  side,  the  majority  of  the  im- 
pulses pasing- up  along  the  posterior  column.  This  would  indicate  the 
posterior  column  as  the  chief  afferent  path.  By  dividing  all  the  parts  of 
the  cord  except  the  two  laterial  columns  it  was  found  that  sensibility  and 
motion  of  the  hind  legs  were  not  interfered  with,  while  the  division  of  all 
the  cord  except  th  e anterior  and  posterior  columns  resulted  in  almost 
the  total  loss  of  sensation  with  only  partial  disturbance  of  voluntary 
movements.  By  dividing  all  the  cord  except  the  posterior  column  sensa- 
tion and  motion  were  entirly  destroyed.  The  lateral  columns  therefore 
of  the  cord  represent  the  chief  path  of  sensations  and  motions  peripheral 
to  the  point  of  division;  to  preserve  the  posterior  column  does  not  preserve 
sensation.  The  question  arises  whether  the  posterior  fibres  from  the 
cord  represent  all  the  sensations  of  heat,  cold,  pain,  pressure,  etc.  It 
lias  been  estimated  by  Stilling  that  there  are  500,000  posterior  rooLfibres 
indicating  the  adequate  nerve  supply  from  the  muscles  and 

tissues. ~ It  is  claimed  that — <Tne — nerve  fibre  sup- 

plies  innervation  to  about  six  square  millimeters  of  skin 

surface.  The  skin  is  not  evenly  supplied  with  nerves  as  it  is 
stated  that  the  skin  of  the  arm  is  much  more  plentifully  supplied  with 
sensory  nerves  than  the  leg,  the  supply  being  more  plentiful  in  both  at 
the  extremities,  particularly  in  the  leg.  The  afferent  fibres  that  collect 
and  carry  the  cutaneous  impressions  are  developments  of  the  spinal  g-an- 
glion  cells.  The  sensations  of  heat,  cold,  compression  including  pain  are 
said  to  be  represented  by  special  nerves.  It  is  supposed  that  in  all  these 
sensations  if  the  sensations  are  extreme  there  is  pain,  that  is,  when  the 
stimulation  is  normal  the  ordinary  sensations  of  cold,  heatand  pressure  re- 
sult while  excessive  stimulation  results  in  pain,  the  sensation  of  pain  in- 
cluding the  other  normal  sensations.  Thus  pain  depends  not  on  the  ex- 
istence of  special  sensory  nerves  but  rather  on  the  intensity  of  the 
stimulus,  or  the.  extent  of  the  nerve  surface  that  is  included  in  the  stimu- 
tation. 

This  means  that  a physiological  analysis  of  pain  makes  it  an  excessive 
excitation,  including  the  conveyance  of  abnormal  impulses  to  the  central 
system  and  an  abnormal  discharge  of  those  impulses  from  the  central 
system;  these  excessive  impulses  destroy  the  coordinated  reactions  of  the 
muscles  producing  intermittent  actions  such  as  we  find  associated  with 
painful  sensations.  Hence  excessive  stimulation  in  connection  with  the 
skin  or  muscles  produces  the  painful  sensation,  great  differences  being 
found  in  different  persons.  In  some  there  is  the  absence  of  the  sensa- 
tions of  pain  while  others  are  very  sensitive  to  their  production.  From 
the  standpoint  of  the  production  of  pain  and  the  amount  of  pain  it  depends 
largely  on  subjective  conditions  and  circumstances  associated  with  the  in- 
dividual in  particular  cases.  If  the  peripheral  surface  of  the  body  is  in  a 
condition  of  irritation,  as  for  example,  in  inflammation  the  pain  sensations 
are  intensified;  the  same  thing  is  true  if  the  sensory  stimulation  takes 
place  for  a lengthened  period;  on  the  other  hand  the  use  of  cocaine  re- 
duces the  sensibility  to  a minimum  and  even  suspends  it  temporarily. 
There  may  be  such  a stimulation  in  excess  as  would  produce  the  painful 
sensation  without  any  real  effect  being  produced,  the  person  being  in  this 
case  insensible  to  pain  or  this  analgesic  con  lition  may  be  developed  in  con- 
nection with  one  of  the  sensations  of  pressure,  cold  or  heat  whem  there 
are  certain  lesions  in  the  central  system  which  may  produce  this  com::- 
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tion.  Hence  pain  depends  on  the  excessive  degree  of  stimulation  asso 
cjaiJitLAiiith  these  normal  sensations,  the  nerves  when  thus  excessively 
stimulated  losing-  their  normal  sensitive  function  and  becoming-  abnormal. 
Hence  To  increase  the  stimulation  in  connection  with  the  increase  of  the 
number  of  sensitive  fibres  affected  will  produce  the  sensation  of  pain. 
When  this  stimulation  passes  from  the  peripheral  nerves  to  the  central 
system  the  result  is  that  spasmodic  reactions  take  place  somewhere  in 
the  central  system.  We_axe_unable  to  locate  the  point  or  points  where 
these  reactions  take  place  because  it  is  only  in  consciousness  that  these 
painful  sensations  are  felt.  It  is  claimed  by  some  that  there  are  distinct 
nerve  fibres  of  pressure,  heat  and  cold  so  that  even  if  they  have  the  same 
cell  connection  their  function  is  different.  It  is  claimed  that  it  is  found  in 
connection  with  the  special  senses  that  whatever  its  stimulation  may  be 
the  same  sensation  results  indicating  the  specific  character  of  the  neural 
energy*  Hence  the  manner  or  kind  of  the  stimulation  does  not  alter  the 
response  but  the  response  is  determined  by  the  cells  in  the  central  system. 
Whether  this  is  so  or  not  cannot  be  determined;  possibly  the  character  of 
the  impulses  is  determined  by  the  nature  of  the  peripheral  stimulation,  at 
least  to  some  extent,  so  that  different  fibres  are  capable  of  different  stim- 
ulations, the  cell  connection  determining  the  sensation  resulting.  It  is 
said  that  the  different  branches  of  the  cutaneous  nerves  are  susceptible 
of  different  sensations,  accounting  for  the  difference  in  the  case  of  the  ap- 
plication of  different  stimuli,  different  sensations  resulting  from  these  im- 
pulses passed  to  the  centers.  Some  physiologists  claim  that  the  differ- 
ence in  the  sensation  depends  not  on  the  nature  of  the  stimulus  but  on 
the  character  of  the  cells  in  the  central  system.  It  is  more  probable 
however  that  a difference  of  stimulus  affecting  different  nerve  fibres 
leads  to  different  nerve  impulses  being  carried  to  the  central  cells. 

1 he  question  of  the  distribution  of  impulses  among  the  afferent  paths 
and  as  to  the  passage  of  the  impulses  associated  with  heat,  cold  and  pres- 
sure is  here  raised;  some  of  these  sensations  may  be  absent  or  lessened 
and  it  would  be  easy  to  settle  this  question  if  we  could  say  that  such  a 
condition  is  associated  with  interruptions  in  the  nerve  paths.  In  the 
human  subject  it  would  seem  that  if  there  is  an  injury  to  the  one  lateral 
portion  of  the  spinal  cord  it  is  accompanied  either  by"  the  loss  or  the  di- 
minution to  a greater  or  lesser  extent  of  the  sensations,  greater  on  the 
opposite  side  to  the  lesion  and  also  a loss  or  interference  with  motion  on 
uC  i!a?} e s'^.e‘  Man  seems  to  differ  from  the  lower  animals  as  in  these 
the  half  section  of  the  cord  seems  only  to  have  a temporary  effect.  In  one 
case  we  find  that  where  the  one  lateral  half  was  injured  and  also  the  gray 
matter  of  the  anterior  and  posterior  horns  the  tactile  sensation  was&  not 
interfered  with  although  the  pain  sensation  was  lost  on  the  opposite  side 
ot  the  body.  It  has  been  inferred  from  this  that  the  sensation  of  pain 
after  entering  the  cord  crosses  to  the  opposite  side  and  passes  to  the  brain 
along  the  posterior  column.  It  has  been  found  in  experiments  on  monk- 
eys that  the  sensory  impulses  after  entering  the  cord  at  once  cross  to  the 
opposite  sum  while  the  tactile  sensations  seem  to  pass  on  the  same  side  as. 

‘ 1 , ° tllc  nemi-section  of  the  cord.  The  visceral  sensory  impulses  pos- 
sibly pass  along  the  cord  to  the  brain  in  the  cerebellar  tract  mainly,  al- 
noug  i othei  pathways  may  be  followed.  Thus  the  posterior  and  later- 
al columns  seem  to  represent  the  afferent  path  for  the  impulses  from  the 

nerv,es-  , Thgse. .posterior  pathways  of  the  cord  are  associated 
v.  ith  the  nuclei  of  (loll  and  Burdach  on  the  same  side.  The  neura  from 
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these  cells  pass  towards  the  brain  intersecting  each  other  in  passing 
across  the. cord,  passing  to  the  cortex  cerebri  either  directly  or  through 
the  thalamus,  indicating  tfiat  the  impulses  have  crossed  in  thcfir  comiection 
with  the  cerebellum  and  the  cerebrum.  The  posterior  column  fibres 
are  united  with  those  arising  on  the  opposite  side  and  with  the  opposite 
hemisphere.  The  neura  from  the  nuclei  of  Goll  and  Burdach  parti  v pass 
to  the  cerebellum  through  the  inferior  crus  cerebelli,  the  cerebellum  and 
cerebrum  being  connected  crosswise,  especially  with  the  motor  area  of 
the  cerebrum.  According  to  this  the  sensory  impulses  pass  up  along 
the  ante.ro-lateral  column  and  after  crossing  recross  to  enter  the 
cerebral  hemisphere  on  the  same  side  as  that  of  the  sensory  stim- 
ulation. 

As  the  impulses  pass  up  we  meet  with  the  sensory  cranial  nerves. 
Among  the  sensory  cranial  nerves  those  that  deviate  more  particularlv 
from  the  spinal  type  are  the  first,  second  and  eighth.  In  connection  with 
the  olfactory  nerve  it  is  found  by  tracing  its  course  that  the  parts  associ- 
ated with  olfaction  in  the  brain  are  closely  associated  with  the  cerebral 
hemispheres  particularly  because  the  earliest  cerebral  development  took 
place  in  connection  with  olfaction.  This  early' nuclear  localization  how- 
ever has  not  been  continued  because  .in  man  we  do  not  find  the  olfactory 
tracts  and  areas  so  fully  developed  as  other  areas  and  tracts.  Tfie  jjp- 
] Hidscji,ojLsm e 1 1 pass  from  the  nasal  origan, by  the  olfactory  tract  through 
Ube-olfactory  bulb  on  the  same  side,  passing  thence  to  the  olfactory  -Ter- 
minal, one  section  of  the  tract  going  directly  to  the  fornicate  convolution 
and  the  other  to  the  temporal  portion  of  the  hippocampal  convolution. 
The  secon d nerve  represents  the  cerebral  tract  connecting  the  retina  with, 
the  cerebrum.  At  the  optic  commissural  chiasm  where  the  fibres  from 
the  two  optic  nerves  are  intermingled  they  pass  out  as  the  regular  optic 
tract  to  which  are  added  the  fibres  from  the  related  portions  of  the 
brain.  In  connection  with  this  chiasm  the  most  of  the  fibres  of  the  single 
optic  nerves  are  found  to  pass  into  the  tract  on  the  opposite  side,  only  a 
few  remaining  in  the  tract  on  the  same  side.  Hence  in  the  highest  ani- 
mals including  man  the  optic  tract  consists  of  fibres  from  both  optic 
nerves,  chiefly  however  the  fibres  from  the  opposite  side.  Gudden  claims 
that  this  is  associated  with  the  attitude  of  the  eyes,  sb  that  in  man  as  com- 
pared wi  th-t.be  lower  mammals  the  eyes  are  in  . a frontal  position  permit- 
ting of  the  union  of  the  two  fields  of  vision.  In  the  crossing  of  the  fibres 
there  would  "seem  to  be  two  bundles  of  optic  fibres  in  each  optic  nerve,  a 
crossing  a and  non-crossing  bundle,  the  former  being  larger.  These  optic 
fibres  passing  centrally  form  the  optic  tract  which  are  divided  in  connec- 
tion with  the  pulvinares,  quadrigemina  and  geniculata  externa.  Passing 
through  the  central  cells  in  these  regions  the  path  is  continued  to  the  oc- 
cipital part  of  the  cortical  hemispheres,  the  fibres  entering  the  occipital 
part  of  the  internal  capsule  in  connection  with  optic  radiation,  bn  the 
eighth  nerve  we  have  the  auditory  channel.  The  ganglion  cells  are  found 
in  connection  wTtTTthe  cochlear  ganglion  which  is  connected  with  the  coch- 
lear branch  of  the  auditory  nerve  and  is  connected  functionally  with  the 
corti  organ,  the  vestibular  branch  being  found  in  connection  with  the 
semicircular  canals  which  are  associated  with  body  equilibrium.  These 
two  branches  arc  connected  centrally  in  different  ways.  The  fibres  of 
the  auditory  nerve  originate  from  the  cells  in  the  cochlear  ganglia  and  the 
accessory  ganglion,  uniting  with  the  cells  of  the  acoustic  tubercle,  pas- 
sing to  the  striae  medullaries  and  then  passing  to  the  opposite  side  in  co 
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nectionwichthecorporaquadrigemina,  the  internageniculata  and  the  thala- 
mus through  the  internal  capsule  at  the  occipital  portion  in  connection 
with  the  occipital  regions  of  the  first  and  second  tempoi'al  gyri.  The 
lateral  nucleus  of  the  thalamus  is  associated  with  the  cortex  cerebri  on 
fTTe~same  side.  In  the  case  of  the  olfactory  the  impulses  pass  to  theolfac- 
tory  h Li  1 lj  on  tlie  same  side  passing-  through  the  olfactory  region  to  the 
anterior  perforation,  one  part  of  the  tract  leading  into  the  gyrus  fornica- 
tus  and  the  other  into  the  gyrus  hippocampi.  The  afferent  impulses 
therefore  pass  through  the  internal  capsule  to  the  cortex  cerebri,  all  or 
nearly  all  of  them  passing  through  the  thalamus  except  those  reaching 
the  cerebral  hemisphere  along  the  olfactory  ti'act. 

In  connection  with  the  cell  combinations  in  the  central  nervous  system 
some  interesting  points  are  brought  out  by  way  of  contrast  with  the  low- 
er vertebrates  in  which  the  number  of  cells  is  very  much  less  than  that 
found  in  man  and  in  which  the  organization  of  these  cells  is  much  less 
complete.  Even  in  these  lower  vertebrates  the  spinal  cord  is  not  abso- 
lutely developed  because  it  shows  a very  much  more  simple  structure 
than  that  found  in  man  so  that  throughout  the  entire  central  system  there 
is  a diminishing  complexity  as  we  descend  the  scale  of  vertebrate  exis- 
tence. It  isjrue  that  the.  complexity  of  the  brain  becomes  greater  than 
that  of  the  cord  but  the  cord  becomes  more  closely  bound  into  a unit  by 
means  of  the  connecting  fibre  tracts  which  associate  the  cell  groups  as 
well  as  bind  the  brain  more  closely  to  the  sense  organs  b.y  means  of  the 
o;nl  tracts.  Hence  throughout  the  entire  central  system  in  the  develop* 
menfTrom  the  lower  to  the  higher  we  find  the  principle  of  concentration 
becoming  more  distinct  so  that  the  inter-relation  of  the  brain,  spinal  cord 
and  peripheral  system  is  more  complete,  while  the  parts  become  really 
at  the  same  time  more  independent.  In  the  lancelet  which  represents  the 
lowest  of  the  vertebrates  in  which  we  find  neither  brain,  skull  nor  verte- 
brae, by  dividing  it  in  two  and  then  placing  it  in  the  water  the  stimulation 
ot  the  two  parts  produces  locomotion  similar  to  the  intact  animal.  By 
cutting  off  the  head  of  a shark  the  body  will  continue  the  regular  move- 
ments associated  with  swimming.  In  the  torpedo  the  division  of  the  cord 
from  the  brain  does  not  destroy  the  power  of  movement.  In  these  and 
other  similar  cases  found  particularly  among  the  different  classes  of 
fishes  the  separation  of  a part  of  the  central  system  does  not  destroy  the 
reactions  given  by  a part,  so  that  the  parts  seem  to  possess  in  a special 
degree  independent  power  of  response  to  stimulation.  As  we  pass  up- 
wards in  the  vertebrates  this  primitive  power  of  independent  action  seems 
to  be  lost  or  at  least  to  a large  extent  diminished.  This  has  an  important 
bearing  on  the  researches  in  connection  with  the  localization  of  areas  to  be 
discussed  later.  It  is  found  that  .very  few  of  the  regions  of  the  central 
s'  stem  consist  simply  of  a single  kind  of  cells' with  their  branching  neura 
and  dendrons  passing  out  and  in.  There  are  found  in  almost  every  re- 
gion different  forms  of  connection  with  other  regions  and  there  are  also 
iound  different  pathways  of  connection  between  other  areas,  these  path- 
ways passing  through  different  regions.  On  account  of  this  when  any 
part  ot  the  central  system  is  removed  or  cut  off  not  only  are  there  taken 
uuuv  cei  tain  cells  but  pathways  are  broken  which  interrupt  the  normal 
omnections  of  different  regions,  resulting  in  disturbances  of  functional 
activity.  On  account  oi  this  it  is  impossible  to  determine  the  exact  value 

ments  in  the  nature  of  division 
gher  animals  where  organiza- 


ci  any  part  of  the  central  system  by  experi 
o.  extirpation.  This  is  increased  in  the  hi 
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tion  has  been  very  fully  developed  so  that  as  the  centers  and  pathways  be- 
come more  completely  and  complexly  combined  in  the  formation  of  a unit 
the  separation  involves  a greater  amount  of  disturbance. 

An  important  element  in  this  connection  is  also  found  in  the  sta<»-e  of  de- 
velopment the  individual  animal,  because  at  different  stages  this  complicat- 
ed relation  is  more  or  less  complete  according  to  the  stage  of  development, 
by  removing  the  cerebral  hemisphere  from  a fish  little  interference isfound 
in  connection  with  its  movements,  coordination  is  not  lost  and  the  sense  of 
vision  is  not  impaired.  If.  The  cerebrum  is  removed  from  a shark  it 
loses  its  movement  entirely.  It  is  found  that  by_dividing  one  of  the  ol- 
factory tracts  little  change  takes  place  in  the  activity  of  the  shark  but  by 
diyidmg.the  two  it  becomes  entirely,  passive,  because  it  has  been  deprived 
of  the  chief  sensory  impulses,  namely,  those  of  smell  upon  which  it  de- 
pends, so  that  even  if  only  this  pathway  is  cut  off  the  same  effects  are 
noticed  as  if  the  entire  cerebrum  is  removed,  because  the  cord  is  severed 
from  the  cerebral  cells  which  through  sensory  stimulation  provide  stimu- 
lation to  the  cord.  Try  the  case  of  the  frog  it  is  found  that  on  rpmo^ing 
hemispheres  it  is  capable  of  .doing  a great  deal  spontaneously,  swimming, 
and  moving-  about  quite  freely,  ©Yon-feeding  itself  normallv'and  pres.  - 
uig~ -the^powei^beipuili bxiu-m . By  removing  the  optic  thalami  this  pow- 
er o f ^£flJJilib r ium  is  destroyed.  By  removing  smaller  parts  of  the  brain 

section  by  section  there  is  found  to  be  a gradual  loss  of  certain  move- 
ments, although  coordinated  movements  can  still  be  found  in  connection 
with  the  frog  from  which  the  larger  part  of  the  brain  has  been  removed;  only 
when  the  front  limb  movements  have  been  interfered  with  by  the  des- 
truction of  the  upper  portion  of  the  cord  does  the  coordination  become 
completely  lost.  Thus  the  gradual  loss  of  the  brain  substance  involves 
the  gradual  loss  of  the  power  of  response,  stronger  stimulation  being 
necessary  to  secure  a reaction  of'any  kind.  In  the  pigeon,  hv 


removing 


t hejiemisphe res  including  the  basal  ganglia,  without  interfering  with  the 
optic  chiasm,  it  remains  dull  and  apathetic  for  some  days,  this  s’leepv  con- 
dition being  interrupted  and  followed  by  the  ability  to  walk  about,  its 
movements  being  guided  by  the  sense  of  vision.  It  has"  still  the  tactile 
sensations  and  can  preserve  the  body  equilibrium.  . In  the  absence  of  the 
,Qerebo.m^pigeons..glo  not  feed  voluntarilx-b.ut  if  the  frontal~parts  of  the 
hemispheres  are  preserved  they  do  preserve'TKe- 
selves 


capacity  to  teed  them- 
All  the  stimulations  from  the  external  worTd'seeiri  to  be"  simitar 
in  the  case  of  the  pigeon  when  the  cerebrum  is  removed,  no  power  of  dis- 
crimination being  noticeable. 

In  the  case  of  the  dog  the  removal  of  the  cerebrum  produces  blind- 
ness, while  a very  loud  sound  was  perceptible  by  arousing  him  from  sleep 
and  the  sense  of  taste  was  distinctly  preserved  as  was  manifest  from  re- 
jecting’. unsavory  food,  the  tactile  sensations  awakened  a verv_ .clear,  re- 
sponse in  the  attempt  to  remove  the  irritation!  The  dog  still  possessed 
the  capacity  of  walking,  standing,  and  eating,  the  muscular  sense  being 
the  chief  guide  in  these  operations  while  all  emotional  and  conscious  feel- 
ings  were  entirely  absent.  It  would  seem  that  in  ascending  the  scale  of 
the  animal  life  the  removal  of  the  cerebrum  produces  greater  disturbance 
in  the  higher  animals  as  compared  with  the  lower,  the  effects  being 
more  likely  to  p"o  e fatal  and  the  effects  being  more  permanent  where 
partial  recovery  takes  place. 

indicate  what  th 

the  higher  animals  destroys  those  functions  which 


This  would 
of  the  cerebrum 


in 


experiments  bear  out  that  the  removal 
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characterize  these  higher  animals  as  distinguished  from  the  lower.  The 
same  results  have  not  been  found  in  man  because  experiments  are  not  ad- 
missible in  the  human  subject.  There  is  no  essential  difference  between 
the  arrangements  of  the  central  system  in  the  highest  animals  as  compar- 
ed with  the  lower  animals.  In  the  brains  of  some  small  brained  idiots 
there  is  an  absence  of  brain  substance  altogetner  out  ot  nronorlton  In  the 
'■■■■:  mel  brain  ->  that  the  same  amount  of  brain  loss  in  a normal  individual 


would  p mvcfa tal . Hehce. there  must  be.  in  the  human  brain  the  power  of 
aday  m t ion  to  loss  sustained,  particularly  if  this  takes  place  early  in  life,  so 
that  the  adaptation  can  take  place  gradually  as  life  progresses.  In  the 
human  subject  the  loss  of  part  of  the  cerebral  cortex  representing  the 
motor  area  is  associated  with  muscle  "paralysis'  corresponding-  with  the 
part  affected.  The  effe re nt_im pulses  passing  from  the  anterior  groups 
are  majclfi-LLP  of  impulses  coming  from  the  posterior  roots  and  beintr  local- 
u ed  in  the  segment  of  the  cord  as  well  as  Impulses  coining  from the  brain. 
In  the  lower  animals  these  cerebral  impulses  are  less- important  than  in 
the  higher  animals  in  whom  the  cortex  and  the  pyramidal  tracts  are  fully 
developed,  so  that  in  the  human  subject  the  lesion  affecting  the  cortex 
materially  interferes  with  these  impulses  resulting  in  motion  in  connec- 
tion with  the  muscles.  In  connection  with  the  sensory  regions  the  same 
principle  is  applicable,  namely,  that  the  higher  the  vertebrate  is  in  the 
sphere  of  life  the  greater  is  the  influence  of  the  sensory  impulses  upon 
tie  reaction  associated  with  the  cerebral  cortex.  In  regard  to  the  other 
parts  of  the  brain  the  complete  division  of  the  corpus  callosum  does  not 
seem  to  result  in  any  functional  loss.  The  callosum  is  supposed  to  con- 
sist wholly  of  commissural  fibres,  no  fibres  passing  to  the  internal  capsule, 
fniury  to  the  corpora  striata  does  not  affect  either  sensation  or  motion, 
although  it  do^s  produce  an  increase  of  temperature.  TThas  been  found 
in_tfie  rabbit  that  the  puncture  of  one  corpus  produces  a rise  of  three  de- 
sre^s  ( ■ with  a tendency  to  return  to  the  normal  again  after  a.  short 
period.  In  man  wliere  the  lesion  is  found  in  the  corpus  it  affects  the  op- 
posite side  oTflTe~ftntty-a n d produces  dilatation  in  the  regions  of  increased 
heat-  llc  same  results  are  claimed  to  follow  a lesion  in  the  optic  thala- 
mus although  in  a lesser  degree.  In  the  case  of  the  cerebellum  we  find 
great  variations  in  the  vertebrates.  It  does  not  represent  psychic  activi- 
ty. Its  removal  does  not  produce  permanent  paralysis,  the  immediate  re- 
sults being  paralysis  chiefly  in  the  hind  limbs.  Great  variations  have 
been  found  in  the  effects  produced  by  different  leisions.  The  division  of 
the  two  cerebellar  hemispheres  produces  only  a temporary  interference 
with  locomotion  from  which  it  is  inferred  that  the  important  connections 
of  these  cerebellar  hemispheres  are  with  the  cord  and  the  other  basal  gan- 
glia on  the  same  side,  while  towards  the  anterior  brain  the  connection  is 
established  by  decussation.  Ifach  cerebellar  hemisphere  is  connected  in 
tins  way  with  the  cerebellar  hemisphere  on  the  opposite  side.  The  cere- 
bellum according  to  this  seems  to  form  an  intermediate  organ  in  connec- 
tion with  the  coordination  of  impulses  that  pass  up  to  and  down  from  the 
cerebrum,  there  being  a double  pathway  in  connection  with  the  cerebel- 
lum both  towards  the  cerebrum  and  the  cord.  In  this  way  we  find  the 
close  relation  of  the  grouped  elements  in  connection  with  the  functional 
activity  of  the  neural  mechanism,  this  correlation  of  parts  being  more.com- 
p etc  in  the  human  subject.  1 he  most  perfect  grouping  of  neural  cells 
is  to  be  found  in  connection  with  the  spinal  cord  and  the  brain  which  we 
are  now  to, consider. 
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SECTION  V.  I' he  Spinal  Cord. 

In  the  spinal  cord  we  find  the  white  and  the  gray  matter,  the  white 
substance  surrounding  the  gray  matter.  Anteriorly' the  cord  i - div  ided 
by  the  anterior  longitudinal  fissure  into  a right  and ‘left  half  and  poster- 
iorly by  the  posterior  longitudinal  fissure.  Each  lateral  half  is  divided 
mto  columns  by  a furrow  along  the  point  of  origin  of  the  anterior  roots. 
In  tins  way  we  have  three  columns,  the  anterior,  the  posterior  and  the 
middle.  In  the  lower  cervical  and  the  upper  thoracic  regions  each  of  the 
posterior  columns  is  divided  into  an  inner  and  outer  column,  called  the 
columns  of  Goll  and  Burdach.  In  the  gray  matter  we  find  two  lateral 
columns  united  by  a commissure  each  half  representing  a rounded  anter- 
ior horn  and  a pointed  posterior  horn.  Laterally  the  anterior  horn  shows 
another  horn  called  the  lateral  horn,  particularly  in  the  lower  cerivcal  re- 
gion. The  anterior  i*oots  arise  from  the  anterior  portion  of  the  anterior 
horn  and  the  posterior  roots  from  the  posterior  horn.  At  the  basal  re- 
gion of  the  posterior  horn  there  is  a network  of  gray  matter  the  reticular 
process,  behind  which  we  find  the  Rolandic  gelatinous  substance.  The 
central  gelatinous  substance  also  consisting  of  g'ray  matter  surrounds 
the  central  cavity;  anterior  to  this  central  cavity  we  find  the  anterior  com- 
missure of  gray  matter  and  posteriorly  the  posterior  commissure.  In 
the  cervical  and  lumbar  regions  the  gray  matter  is  more  abundant  than  in 
the  thoracic  region.  The  white  matter  consists  of  medullated  fibres  of 
varying  size,  the  anterior,  lateral  and  lateral  parts  of  the  posterior  column 
being-  the  thickest;  while  in  the  gray  matter  we  find  both  cells  and  fibers. 


the  cells  being  multipolar  ganglion  cells,  the  polar  neura  forming  axis 


cv- 


The  cells  may  be  single  or  in  groups 


linders  for  the  medullated  fibers. 

1 hese  elements  of  the  cords  are  bound  together  by  connective  tissue 
processes,  continuing  the  pia  mater,  which  pass  to  the  cord  along  with  the 
vasculation  and  encase  the  fibres  in  white  substance.  They  are  also 
bound  together  by  means  of  the  neurogdia  which  consists  of  a cement 
semi-fluid  substance  kindred  in  composition  to  keratin  together  with  the 
flat  nuclear  neuroglia  cells 

The  nerve  cells  are  found  in  groups  arranged  in  symmetrical  form  in 
the  ganglionic  columns  of  the  gray  matter.  These  cells  consist  of,  * 1) 
those  in  the  anterior  portion  of  the  anterior  cornua  whose  neura  are  con- 
ti  minus  with  the  fibres  of  the  anterior  roots.  This  Is  called  the. .motor 
ganglionic  column.  (2)  A column  of  smaller  cells  in  the  middle  portion 
of  the  cord  from  the  third  funt bar  to  the  seventh  cervical  called  the  p os- 
terior  vesicular  column,  the  neura  of  which  are  continuous  with  the  fibres 
dE3iie.Ia.te.ral  column.  (3)  A column  of  cells  ip  the—  extoriial~part  o<— Hie 
gray  matter  lying  between  the  anterior  and  posterior  horns  called  the 
intermediate  lateral  column.  The  fibres  that  pass  to  the  striped  muscles 

fibres 


originate 


in  cells  of  the  anterior  cornua  while  the  visceral  fibres  arise 
chiefly  in  the  posterior  vesicular  cells  and  also  in  the  ceils  of  the  intermed- 
iate column.  Gaskell  says  that  the  cells  of  the  posterior  vesicular  column 
give  rise  to  the  inhibitory  fibres  of  the  alimentary,  vascular  and  glandular 
systems;  while  the  vaso-constrictors  arise  only  in  the  thoracic  region  of  the 
cord  in  connection  with  the  posterior  vesicular  column.  The  motor  fibres 
of  the  alimentary  muscles  originate  at  the  base  of  the  posterior  horn, 
whereas,  the  motor  fibres  of  the  diaphragm,  abdominal  muscles  and  the 
muscles  of  the  mouth  arise  from  the  anterior  side  of  the  intermediate  lat- 
eral column,  and  the  motor  fibres  of  the  vascular  and  glandular  organs 
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from  the  small  cells  of  the  same  column.  The  primitive  cord  consists  al- 
most wholly  of  gray  matter,  the  columns  being  added  later,  the  anterior 
and  posterior,  the  anterior  horns  being  distinctly  divided  off  from  the 
posterior.  Along  the  sides  of  the  spinal  cord  are  the  attachments  of  the 
anterior  and  posterior  roots  of  the  spinal  nerves,  some  nerves  from  the 
anterior  roots  terminating  in  cells  in  the  anterior  horn,  others  crossing 
to  the  opposite  side  of  the  cord  while  others  pass  to  the  anterior  portion 
of  the  lateral  column  and  the  posterior  horn 

The  functions  of  the  spinal  cord  are  classified  as  four  fold,  (1)  the 
function  of  transmitting  impulses  both' motor  and  sensory'  The  spinal 
nerves  have  two  root,  connections  namely  the  anterior  and  the  posterior. 
If  anumber  of  anterior  roots  are  divided  there  results  on  the  same  side  of 
the  body  paralysis  of  the  muscles  of  motion.  If  the  divided  nerves  are 
•stimulated  at  the  peripheral  ends  the  muscles  may  be  thrown  into  a tetan- 
ic state  or  only  slight  contractions  may  be  found.  No  effect  is  produc- 
ed upon  sensation  indicating  that  these  anterior  roots  are  true  motor 
nerves.  If  the  posterior  roots  are.divided.sensation..  is  -lost  «on  the  same 
side  of  the  body  and  if  the  central  ends  of  the  divided  nerves  are  stimulat- 
ed the  sensations  become  painful,  indicating  that  the  posterior  roots  are 
true  sensory  nerves.  The  roots  form  connections  with  the  gray  and 
white  matter  of  the  cord  and  as  their  branchings  are  very  complicated 
they  cannot  be  traced  out  with  accuracy.  Xtelanly  method  therefore  of 
tracing  out  the  connection  is  by  the  Wallerian  method  of  degeneration. 
If  an  incision  is  made  so  as  to  divide  the  anterior  columns  leaving  the  pos- 
terior columns  solid  there  are  no  voluntary  movements  in 
the  parts  below  the  division.  If  an  incision  is  made  sp  as 
to  divide  the  posterior  columns  leaving  solid  the  anterior  columns,  'volun- 
taiw  movement  is  weakened  but  not  lost.  If  an  anterior  lateral  column 
divided  on  one  side  the  voluntary  movement  is  lost,,  on  the  same  side, 
j his  indicates  that  the  motor  fibres  pass  along  the  antero-lateral  column 
- rom  the  brain  and  that  these  motor  fibres  pass  to  the  same  side  of  the 
body,  at  least  in  most  cases.  If  the  posterior  column  is  completely  di- 
vided sensation  still  continues  in  the  lower  part  beneath  the  section  al- 
though the  coordination  of  nyovements  is  lost.  If  both  the  antero-lateral 
and  posterior  columns  are  divided  it  does  not  destroy  sensibility;  if  how- 
ever the  posterior  column  alone  is  left  intact  sensibility  disappears  indica- 
ting the  passage  of  sensory  impulses  through  the  gray  matter.  This  is  ex- 
plained by- the  fact  that  tile  nerve  fibres  intersect  each  other  in  the  gray 
matter.  Brown-Seq  uaro  has  shown  that  semi-section  of  the  cord  cutting 
into  the  gray  matter  weakens  the  sensibility  on  the  opposite  side,  the  loss 
of  sensibility  increasing  as  more  of  the  gray  matter  comes  to  bVaffected. 
If  the  section  is  made  vertically  at  the  base  of  the  posterior  median  fis- 
sure sensation  is  lost  on  both  sides  while  bv  a lateral  division  sensibility 


is  increased  on  the  same  side  and  lessened 


livision 

on  the  opposite  side.  The 
impressions  produced  in  connection  with  touch  seem  to  travel  along  the 
posterior  columns.  Where  there  is  paralysis  of  these  posterior  col- 
umns the  sense  of  touch  is  lost  although  the  feeling  of  pain  w not  lost. 
In  locomotor  ataxia  the  first  stage  represents  an  interference  with  sensi- 
bility accompanied  by  darting  pains  in  the  back  and  limbs.  This  is  fol- 
lowed by  want  of  power  to  control  the  body  including  the  loss  of  coordina- 
tion and  also  the  loss  or  impairment  of  the  muscular  sense.  The  final 
stage  is  represented  by  total  paralysis.  This  is  caused  bv  a chronic  in- 
flam  a tion  in  the  region  where  the  posterior  roots  join  the  cord  and  indur- 
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ation  of  the  posterior  columns,  finally  by  slow  degrees  coming  to  affect 
the  Whole  cord.  i his  indicates  that  the  sensory  pathway  is  through  the 
posterior  columns,  because  in  locomotor  ataxia'  the  unsteady  "ains  due 
to  lack  of  sensory  impulses  that  are  necessary  for  the  coordination  of 


movement. 


f2)  1 he  function  of  the  spinal  cord  represents  its  action  as  a r<- 

Wennd  reflex  centers .of  movement  in  the  cervical,  thoracicand 
lumbar  areas  of  the  cord,  the  higher  cervical  region  being  associated  with 
special  activity  representing  particularly  specialized  movements.  Stimu- 
lation may  originate  in  any  of  the  afferent  nerves,  the  impulse  passing  b> 
the  cord  and  producing  changes  in  the  cells  in  the  gray  matter  and  result- 
ing in  the  sending  out  of  impulses  through  the  motor  fibres.  This  reflex 
action  represents  coordination  between  certain  cutaneous  regions  throuj  h 
afferent  nerves,  centers  and  efferent  nerves  and  the  muscular  regions  of 
the  body.  So  much  specialization  is  found  among  these  movements  that 
often  we  find  complete  purposiveness  in  the  reflex  action.  Reflex  activity 
may  be  inhibited  from  the  upper  centers,  hence,  the  removal  of  the  upper 
part  of  the  brain  which  increases  the  power  of  reflex  stimulation  removes 
the  inhibitory  action.  The  same  effect  may  be  produced  by  strychnine 
and  opium  and  the  opposite  effects  by  aconite,  chloral  and  ether.  ' In  te- 
tanic conditions  there  may  be  an  increased  excitability  of  the  cord  to  such 
an  extent  that  the  spinal  stimulation  may  produce  convulsions.  In  the 
spinal  cord  in  the  human  subject  the  functional  activity  is  performed  in 
connection  with  nerve  cells  and  nerve  fibres.  The  nerve  centers  that  are 
found  in  the  spinal  cord  are  arranged  in  certain  groups  corresponding 
with  the  work  that  is  done  by  these  centers,  these  collections  of  centers 
being  found  associated  with  the  cord  segments.  The  spinal  cord  activity 
is  concerned  in  the  functions  that  are  associated  with  the  visceral  organs. 
It  is  not  necessary  for  the  performance  of  these  functions  that  the  brain 
should  be  in  an  intact  condition  the  spinal  cord  with  its  collection  and 
combination  of  nerve  cells  in  groups  possessing  sufficient  force  to  carry 
on  these  visceral  functions.  In  general  we  find  that  such  nerve  centers 
are  found  in  connection  with  the  upper  part  of  the  spinal  cord  in  connec- 
tion with  the  activity  of  the  h^art,  the  lungs  and  the  alimentary  canal.  At 
this  point  also  we  find  the  mechanism  associated  with  the  control  of  the 
calibre  of  the  blood  vessels,  this  mechanism  operating  through  the  lower 
centers  found  in  connection  with  the  different  segments  of  the  cord.  In 
addition  to  this  other  centers  are  found  in  connection  with  the  cervical 
enlargement  the  upper  portion  of  the  thoracic  region  and  the  lumbar  en- 
largement which  are  concerned  in  the  movements  of  the  visceral  organs, 
.controlling  not  onlv  the  functions  nf  these  visceral  organs  hut  also  re  guia- 
ting  the  blood  supply  in  the  viscera,  this  being  particularly  the  case  with 
the  lumbar  centers.  These  nerve  centers  are  more  or  less  completely 
connected  together  by  means  of  fibres  of  a commissural  nature,  Aach 
half  of  the  cord  represents  a half  of  the  body  so  that  each  half  of  the  cord 
represents  a chain  of  ganglia  controlling  that  portion  of  the  body.  Spec- 
ial reflex  centers  have  been  localized  in  connection  with  the  spinal  coed 
which  are  of  special  importance  in  connection  with  Osteopathic  manipula- 
tions. A spinal  centre  for  the  cilium  the  Cilio-spinal  center  con  lected 
with  the  iris  movement  between  the  sixth  Cervical  nild  the  thin!  thoracic 
nerves  has  been  localized.  Stimulation  of  this"aireaj;esul_ts  in  the  disten-  • 
sion  of  the  pupil.  The  fibres  .which  regulaie  the-. .iflr.es  oX  raJJalion  iff 
connection  with  the  iris  arise  at  this  point.  Accelerating  centers  are 
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found  in  connection  with  the  sympathetics,  the  stimulation  of  which  in- 
creases the  heart’s  action.  Respiratory  centers -have  been  found  which 
govern  the  reflex  actions  of  theThoracic  and  abdom  inal  muscles.  If  the  cord 
is  dfvidted “above  the  eighth  thoracic  tire  abdominal  muscles  become  par- 
alyzed. If  divided  above  the  first  thoracic  the  intercosal  muscles  are  par- 
alyzed. If  divided  above  the  fifth  cervical  the  serratus  magnus  and  the 
pectoral  muscles  become  paralyzed  and' if  divided  above  the  fourth  cervi- 
cal paralysis  of  the  diaphragm  follows  in  connection  with  the  paralysis  of 
the  phrenic  nerves.  There  are  also  centers  in  connection  with  the  limbs 
both  upper  and  lower,  the  upper  part  representing-  the  adductor  and 
abductor  muscles  of  the  upper  limbs  and  for  the  flexion  and  extension  of 
the  lower  limbs.  In  the  higher  part  of  the  lumbar  reg-ion  there  is  an  erec- 
tile center  connected  with  the  organs  of  g-eneration,  interference  with 
which  may  temporarily  interfere  with  or  permanently  destroy  the  g"e iter- 
ative power.  The  parturition  center  is  found  at  the  first  and" second  lum- 
bar vertebra?.  Centers  associated  with  the  action  of  the  sphincterani  and 
the  bladder  are  found  in  the  lower  thoracic  and  lumbar  reg-ions  the  de- 
struction of  these  involving-  paralysis  of  the  bladder  with  ioss  of  power  to 
retain  the  urine;  the  vesiculo-spinal  center  is  about  the  fifth  lumbar  and 
the  ano-spinal  a little  hig-her  up.  Perspiration  centers  are  found  at  the- 
third  cervical  for  the  front  limbs  arid  at  the  ninth  and  tenth- thoracic  for 
thejTmd  limbs  of  the  cat.  In  the  frog-  there  are  lymph  centers  at  the 
second  thoracic  and  the  seventh  thoracic,  these  centers  controlling-  the 
rhythmic  contractions  of  the  mesenteric  lymphatics.  Vasomotor  centers 
exist  in  the  different  parts  of  the  spinal  cord,  one  vasomotor  center  beino- 
found  at  the  lower  end  of  the  thoracic  reg-ion. 

Some,  reflexes  have.a  valu-e-  in  diagnosis.  Cutaneous  reflexes  (1)  pro- 
duced byythe  irritation  of  the  soles  of  the  feet,  resulting-  in  the  flexion  of 
the  foot  and  toes  and  the  drawing-  up  of  the  foot  towards  the  body.  Here 
iln^f enter  isjn  lumbar  reg-ion.  (21)  By  pressing-  upon  the  internal 
suxiace  of  the  thigh  or  on  the  internal  condyle  the  cremaster  muscle  con- 
tracts resulting-  in  the  elevation  of  the  testicle  on  the  side  of  the  compres- 
sion. Here  the  center  is  found  at  the  reg-ion  of  the  first  and  second  lum- 
oar  nerves.  (3)  An  abdominal  refl'ex  is  gained  by  pressing-  on  the  abdom- 
mai  surface  resulting  in  the  contraction  of  the  abdominal  muscles,  the 
center  being-  found  in  the  cord  between  the  eight  and  ninth  thoracic 
neyyes.  (4)  By  stimulating-  the  body  surface  between  the  fourth,  fifth 
and  sixth  intercostal  spaces  there  is  a contraction  of  the  rectus  abdominis 
the  center  being- found  between  the  fourth  and  eight  thoracic  nerves' 
,3)  -v  rotating  the  superficial  surface  of  the  body  over  the  scapula  con- 
ti  action  of  the  shoulder  muscles  is  found,  the  center  being-  found  from  the 
seventh  cervical  to  the  second  thoracic  nerves.  Reflexes  associated  with 
tendons  are  found,  if  one  leg  is  crossed  over  the  other  and  a sudden  mech- 
amcal  blow  is  given  to  the  tendon  extensor  below  the  patella;  by  ilexim- 
the  leg  on  the  thigh  and  striking  the  tendo  Achillis  the  muscles  of  the  le" 
cal  will  be  extended;  if  the  leg  is  flexed  at  the  knee  and  the  foot  extended" 
and  then  the  foot  is  suddenly  flexed,  rhythmical  contractions  of  the  mus- 
cles ot  the  calf  of  the  leg  producing  rhythmical  flexions  and  extensions  of 
the  foot  are  found.  These  reflexes  depend  upon  the  spinal  centers 
and  if  the  centers  or  nerves  are  affected  these  are  imperfect  or  lost 

Kelltx  adum  represents  one  of  the  great  principles  underlying  the 
-Utction  of  the  central  system.  On  the  basis  of  this  reflex  action'there 
a mechanism  providing  For  the  response  to  sensory  stimulation 
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iorm  of  some  kind  of  movement.  In  the  nerve  center  we  find  an  afferent 
part  which  receives  the  impressions;  a common  meeting- place  which  unites 
the  afferent  portion  with  the  efferent  portion  of  the  center.  In  connec- 
tion with  the  posterior  horn  we  find  the  afferent  channels  entering  the 
cord,  so  that  we  find  the  mass  of  fibres  associated  with  a number  of  nerve 
corpuscles  ramifying  into  very  minute  branches.  On  the  efferent  side  of 
the  net ve  centei  we  find  large  corpuscles  which  give  off  numerous 
branches,  one  process  known  as  the  axis  cylinder  process  giving  off  a few 
branches  and  then  passing  out  as  the  main  root  or  anterior  root  of  the* 
spinal  cord.  In  the  central  field  we  have  the  meeting  place  of  the  afferent 
and  efferent,  this  meeting  place  representing  the  most  important  part  of 
these  spinal  centers.  The  branches  of  the  cells  in  the  anterior  and  pos- 
terior horns  approximate  towards  each  other  without  meeting.  It  is  dif- 
ficult to  understand  how  the  junction  takes  place  because  there  is  no 
direct  communication.  Apart  from  the  nutritive  action  of  the  spinal  cen- 
ters these  centers  are  mainly  concerned  in  arousing  muscular  contrac- 
tions in  response  to  irritation  from  a sensory  stimulation.  There  is  a dif- 
ference in  the  discharge  of  impulses  depending  on  the  stimulus,  slight 
stimulation  not  evoking  a response  so  that  the  stimulus  must  be  of  ade- 
quate strength.  By  a single  stimulus  there  is  a single  resulting  twitch, 
while  if  the  stimulus  is  continued  there  is  tetanus,  the  entire  center  in 
this  case  having  the  power  of  summing  up  stimuli  so  as  to  give  an  adequate 
muscular  contraction. 

Horsley  and  Gotch  say  that  during  the  passage  of  the  nerve  impulse 
there  is  a negative  variation  or  a current  of  action.  As  to  the  amount  of 
energy  given  forth  by  a center  there  is  no  means  of  measuring  it  although 
electricity  has  been  applied  to  measure  it  approximately.  Bv  causing  a 
nerve  center  to  give  out  energy  and  observing  the  deflection  in  connection 
with  the  galvanometer  we  can  get  the  amount  of  variation  indicating  the 
intensity  of  the  nerve  energy.  Hence  by  exciting  a nerve  there  is  found 
a deflection  of  200  to  300  in  the  galvanometer,  while  in  stimulating  a center 
and  allowing  the  discharge  to  take  place  down  the  nerve  the  variation  is 
only  about  26  or  30.  Here  we  have  the  basis  for  a physical  estimate  of 
theforce  of  a nerve  center.  On^  of  the  most  interesting  points  in  is  regard 
to  the  time  occupied  in  transferring  a sensory  into  a motor  impulse.  Be- 
taking a nerve  leading  from  the  cord  to  a muscle  and  making  it  lift  a lever 
in  connection  with  the  breaking  of  an  electric  current  and  by  stimulating 
some  afferent  nerve  leading  to  the  center  with  a single  shock  the  center 
will  convert  the  afferent  into  an  efferent  impulse.  Helmholtz  estimates 
the  time  occupied  in  the  nerve  ending  in  the  muscle  at  .01  of  a second,  the 
nerve  plate  inducing  the  muscle  contraction;  the  rate  of  impulses  along 
the  nerves  both  motor  and  sensory  is  about  34  meters  pei*  second.  Hence. 
Horsley~~ estimates  that  .006  of  a second  is  occTTpiefT  in  the  center  in  this 
conversion  PTO'cess.'whTfe'Bxrier'ffas  estimated  ifat  .06.  But  thisdiffercnce 
may  be  due  to  the  different  conditions  found  associated  with  the  stimula- 
tion. 


(3)  The  spinal  cord  represents  a center  of  automatism.  In  the  case 
of  respiration  we  have  the  most  characteristic  of  all  the  automatic  actions 
in  connection  with  the  alternate  expansion  and  contraction  of  the  lungs 
and  the  chest,  in  connection  with  the  rhythmic  discharge  from  the  nerve 
centers.  But  along  the  spinal  cord  we  find  centers  of  automatism  which 
represent  the  activities  of  the  body  organs,  keeping  up  the  tonicity  of 
muscles  and  preserving  the  rhythmic  character  of  contractions  a id  i elax- 


'l'HK  SPINAL  COKD. 


f>00 


ations.  These 


actions 
while 


arc  carried 
tills 


is 


out 
scTthe 


by  these  centers  under  external 
nerve  centers  are  in  a sense  inde- 


sti  m illation;  yet 

pendent,  sending'  out  impulses  rhythmically  manifesting  their  indepen- 
dence in  the  summing  up  of  stimuli  and  in  the  periods  during  which  ener- 
gy is  discharged.  This  automatism  is  undoubtedly  found  in  the  spinal 
centers.  What  tabes  place  in  connection  with  these  centers  when  they 
have  been  stimulated?  When  the  contractions  of  the  muscles  are  traced 
out  on  the  kymograph  it  is  found  that  after  the  response  to  a central  stim- 
ulus is  given  in  the  form  of  a contraction  several  rhythmic  contractions 
follow  which  may  be  called  secondary  contractions,  these  contractions  be- 
ing really  after  results.  This  takes  place  in  connection  with  the  spinal 
centers  equally  with  the  cortical  centers.  This  is  particularly  the  case 
in  diseases  of  the  spine  where  on  stimulation  the  centers  continue  to  give 
forth  energy  after  the  stimulation  is  removed.  Thus  we  find  in  connec- 
tion with  the  ankle  reflex,  when  the  leg  muscles  are  quickly  extended 
there  results  a series  of  rhythmic  discharges  from  the  centers  in  the 
spinal- cord  producing  a continuous  movement  of  .the  foot.  This  is  used 
in  connection  with  this  diseased  condition  as  a diagnostic  sign. 

Automatism  implies  that  changes  arise  in  connection  with  the  center 
itself  and  these  are  determined  by  conditions  which  are  not  found  outside 
but  inside  the  center,  tn  the  case  of  the  brainless  frog  the  body  remains 
motionless  unless  stimulated;  in  the  case  of  a dog  after  the  spinal  cord  is 
divided  there  are  found  spontaneous  movements  under  the  control  of  the 
lumbar  region.  After  the  animal  has  recovered  from  the  injury  the  hind 
legs  are  in  constant  motion  moving  about  in  a restless  manner;  if  the  ani- 
mal is  suspended  from  the  front  part  of  the  body  the  hind  limbs  move 
rhythmically,  indicating  the  discharge  of  rhythmic  automatic  impulses 
from  the  cord.  In  the  case  of  the  heart  the  seemingly  automatic  rhythm 
depends  undoubtedly  on  the  nutrition  of  the  cardiac  substance  producing 
molecular  changes;  in  the  case  of  the  respiratory  rhythm  it  is  dependent 
on  nutritive  changes  in  the  center  depending  on  the  blood  supply,  espec- 
ially when  these  are  accentuated  by  the  nutritive  impulses  entering  the 
center  from  the  vagus  nerve.  In  the  automatic  action  of  the  cord  we  find 
its  fundamental  basis  in  the  nutritive  changes  taking  plape  in  the  gray 
matter,  the  metabolism  associated  with  the  gray  matter  arousing  impulses 
although  these  impulses  are  dependent  on  the  impulses  that  come  in  from 
afferent  sources  Thus  the  automatism  of  the  cord  depends  on  intrinsic 
molecular  changes  under  the  regulative  influence  of  extrinsic  impulses. 

1 his  furnishes  the  reason  of  the  great  limitation  of  the  cord  automatism 
as  compared  with  the  brain  in  which  we  find  intrinsic  nutritive  change 
giving  rise  to  almost  numberless  influences  that  originate  impulses.  The 
maintenance  of  the  artqrial  tone  in  connection  with  the  muscular  coatings 
oi  the  blood  vessels  depends  on  the  automatism  of  the  cord,  the  vaso- 
constrictors exercising  a constant  tonic  influence  so  that  even  when  the 
cord  is  cut  oft  from  the  brain  the  vessels  of  the  hind  leg  of  an  a n final 
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tfnstriped  muscle  ot  the  cardiac  and  pyloric  sphincters  of  the  stomach  and 
the  bladdor  and  anus  sphincter  we  have  the  maintenance  of  tonicity  in 
c . ’"‘lection  with  the  spinal  cord.  Does  the  spinal  cord  exercise  automa- 
tic influences  over  the  skeletal  muscles?  In  the  section  of  a motor  nerve  it 
is  said  by  some  that  no  immediate  loss  of  tonicity  is  observable  as  is  found 
1 u t iv  vase  of  the  division  ol  the  vaso-constrictors,  so  that  they  conclude 
t ere  is  no  skeletal  muscle  toncity.  The  skeletal  muscles,  however,  are  in  a 
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condition  of  tension  so  that  if  the  attachments  of  the  muscle  are  divided  it 
shortens  indicating-  that  the  tendency  to  shorten  is  counteracted  by  the 
muscle  attachments.  In  the  case  of  the  skeletal  muscles  there  are  certain 
molecular  chaaggsjroing  oTTin  connection  with  nutrition  so  that  the  mus- 
cle  retains  its  power  to  contract  when  the  tension  yields  and  so  that  when 
the  tension  increases  it  relaxes.  As  a result  of  this  the  muscles  main- 
tain their  normal  length  returning-  to  it  after  both  contraction  and  tension. 
It  is  this  that  is  spoken  of  as  muscle  tone  in  the  skeletal  muscles,  the  furt 
da  mental  basis  of  it  being-  the  "molecular  changes  taking  p1a<-»  in 
ion  with  nutrition.  As  soon  as  the  muscle  dies  this  is  lost  as  the  nutri- 
tion oT  the  muscles  is  governed  in  someway  in  connection  with  the  cen- 
tral system,  because  by  severing  the  nerve  which  supplies  the  muscle  nut- 
ritive changes  take  place  of  a definite  character.  In  a diseased  limb  as 
compared  with  a healthy  one  we  find  the  loss  of  that  resistance  which  is 
found  in  a sound  limb.  This  skeletal  muscle  tone  can  be  sustained  hr 
animals  by  the  cord  apart  from  the  brain.  After  dividing  the  cord  of  a 
frog  from  the  brain  the  muscles  become  soft  and  toneless;  but  after  the 
injury  is  recovered  from  the  muscle  tone  returns;  if  the  animal  is  sus- 
pended by  the  fore  limbs  the  hind  limbs  manifest  rhvthmic  movements 
which  must  arise  from  the  cord,  as  on  division  of  the-  sciatic  these  move- 
ments entirely  cease.  In  the  case  of  a dog  after  the  cord  is  divided  in  the 
dorsal  region  the  hind  limbs  become  soft  while  the  shock  continues  but 
the  tone  returns  when  the  effects  of  the  shock  pass  off.  In  the  human 
subject  where  the  muscle  tone  is  lost  through-  injury  or  disease  to  the 
cord  it  is  found  that  the  muscle  tone  does  not  return  fully  in  the  reg-ion 
controlled  by  the  cord  below  the  lesion.  Hence  it  is  concluded  that  the 
spinal  cord  exercises  as  one  of  its  functions  an  influence  over  muscles 
whTcB~~pfeserves' ItV  them  tonicity,  but  this  influence  of  tonicitv  depends 
op  the  existence~ofi sensory  impulses  as  well  as  the-  rmamsrc  mitntive  v-a- 
riafions.  Tnat  this  is  so' is  proved  by  the  division  of  the  sensory  nerves 
in  The  case  of  a brainless  frog,  the  cord  ceasing  to  send  out  tonic  influences. 
This  has  led  some  tospeakof  this  asa  reflex  function  rather  than  automatic. 
It  is  however  rather  automatic  because  there  seems  to  be  a combination  of 
the  intrinsic  and  extrinsic  elements  in  the  production  of  this  tonic  condi- 
tion of  the  muscle.  Pathological  conditions  tend  to  confirm  this  view.  In 
certain  diseases  affecting  the  cord  the  legs  become  rigid  in  a condition  of 
extension,  the  rigidity  being  complete  in  both  limbs.  This  rigidity  de- 
pends upon  the  continued  contractions  of  the  extensor  muscles  to  such  an 
extent  that  it  becomes  an  abnormal  tonic  contraction.  Sometimes  this 
tonic  condition  is  replaced  by  a clonic  contracted  condition.  These  con- 
tractions are  undoubtedly  carried  out  in  connection  with  the  spinal  cord 
and  are  different  from  an  ordinary  reflex.  In  normal  movement  the  ex- 
tension is  brought  into  play  when  the  limb  is  in  a flexed  position,  not  in 
an  extended  position.  In  the  diseased  condition  of  the  cord  the  opposite 
takes  place,  the  extension  being  at  a minimum  in  connection  with  the  con- 
traction. This  seems  to  indicate  according  to  Foster  that  when  the  gray 
matter  of  the  spinal  cord  becomes  diseased  there  is  the  arousal  of  latent 
impulses  which  come  into  operation  in  connection  with  these  contractions. 
This  is  used  as  a diagnostic  sig-n  of  a diseased  condition. 

In  connection  with  the  spinal  nerve  centers  the  efferent  cells  are 
small,  the  ramifications  of  the  cells  being  lost  in  the  spinal  cord.  In  what 
way  the  impulses  pass  tHrpug'h  the  meeting  ground  to  the  large  cells,  of 
the"  afferent  part  of  the  centers  is  not  known.  The  question  arises,  which 
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of  these  three  elements  provides  the  neural  energy.  The  large  cells  have 
been  usually  regarded  as  the  source  ot  this  energy.  Bastian  tried  to 
prove  that  the  orio-in  of  the  nerve  energy  is  to  be  traced  fo  the  small  cells 
on  Che  afferent  side,  claiming  that  no  evidence  can  be  produced  of  irtvc 
energy  originating  in  connection  with  the  large  efferent. cells..  Tffe  claims 
that  tKeTundamentafbasis  ot  all  motion  is  to  be  found  in  the  sensorv 
element  which  furnishes  the  element  of  retention  in  connection'  with 
former  motions  so  that  the  memory  of  former  movements  forms  the  basis 
of  all  active  movements.  Bastian  used  kinaesthesis  to  represent  the  two- 
fold ideal  (If  that  all  efferent  activitv  o r i p-i  n a t e s . i n.  . the  sensory..  energy , 


and  (2)  that  the~basis  ot'  all  movement  is  to  be  found  in  sensory  memory'. 
Horsley  and  Hotch  have  applied  these  ideas  in  connection  with  the  elec- 
trical methods  of  investigation.  They  found  that  the  stimulation  of  the 
spinal  centers  passed  up  along  the  cord  as  a series  of  impulses  moving 
along  the  posterior  and  not  along  the  anterior  column.  They  also  found 
that  the  nerve  energy  discharged,  from  a center  when  excessive  passed 
down  along  the  posterior  column  and  along  the  posterior  roots  as  well  as 
along  the  anterior  roots.  This  was  in  line  with  Horsley’s  idea  that  the 
central  cells  presented  an  obstacle  to  the  passage  from  the  afferent  to  the 
efferent  cells,  so  that  in  reaching  the  efferent  cells  the  impulses  were 
greatly  diminished  in  force.  In  finding  out  that  the  overplus  of  energy 
passed  down  along  the  posterior  side  they  claimed  that  the  origin  of  the 
nerve  energy  was  to  be  traced  to  the  afferent  cells.  By  the  use  of  elec- 
tricity applied  to  the  anterior  roots  of  the  spinal  cord  and  by  connecting 

the  upper  part  of  the  cord  with  the  galvanometer  it  was  found  that  no  cur-; 
rent  passed  up  along  the  spinal  cord,  indicating  the  extreme  obstruction 
iMiind  in  connection  with  the  central  cells.  From  these  points  of  evidence 
lorsley  concludes  that  the  origin  of  the  nerve  impulse  in  connection  with 
t he  centei  is  to  be  traced  to  the  afferent  cells.  Pfluger  formulated  a 
theory  in  connection  with  the  reflexes  that  is  in  line  with  this.  According 
u>  him  when  a sensory  impulse  passes  along  a sensory  nerve  reflexion 
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nerve  fibre  stimulated  forms  a part  of  the  cord  there  is  a tendency  on  the 
; ai  l »il  the  impulse  to  move  upwards,  stimulating  the  centers  one.  after 
a.ioL.ier,  until  it  reaches  the  bulb  when  the  stimulation  ceases  or  passes 
(iver  to  the  other  side.  On  the  other  hand  on  the  stimulation  of  a cranial 
nerve  fibre  the  tendency  is  for  the  stimulation  to  pass,  downward  rather 
man  upward  toward  the  bulb.  Hence  he  concluded  that  the  spinal 
centers  represent  a more  connected  pathway  for  the  passage  of  impulses 
upward  than  for  their  passage  downward. 

(4)  1 he  spinal  cord  also  acts  as  a center  for  trophic  influence, 

the  antenoTlTnrmrTtre  cells  which  have  a trophic  relation  to  the"  muse 
VV  hen  the  cells  atrophy  or  degenerate  the  muscles  become  soft.  It 
v.  aimed  by  some  that  the  cells  in  the  posterior  vesicular  column  are 
trophic  in  their  influence  upon  the  visceral  org-ans.  These  cells  are  differ- 
ent from  the  other  cells  of  the  cord,  being  bipolar,  these  cells  being  found 
<>nl  v where  Hie  nerves  leave  the  cord  and  control  the  viscera.  This  indi- 
cates that  there  are  trophic  cells  for  the  viscera.  The -reflex  actions  of 
the  cord  may  lie  inhibited  by  the  centers  in  the  brain.  The  single  reflex 
can  be  gotten  only  when  the  brain  is  cut  off.  If  the  brain  is  cut-off  then 
tne  rctiex  excitability  of  the  spinal  cord  centers  is  increased.  If  the  body 
o a decapitated  reptile  is  placed  in  a pendent  position  rhythmic  move- 
ments are  found  depending  on  reflex  action.  In  the- case  of  the  center  of 
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micturition  which  is  a reflex  center  impulses  passing1  from  the  brain  to 
the  lumbar  region  of  the  cord  may  inhibit  its  action.  In  the  dog  after  the 
division  of  the  spinal  cord  in  the  dorsal  region,  micturition  which  is  setup 
by  abdominal  pressure  may  be  inhibited  by  pressure  in  connection  with 
the  sciatic  nerve.  In  the  human  subject  emotion  has  an  inhibitory  effect 
over  the  micturition  center. 

In  each  segment  of  the  cord  taking  the  vertebra  as  the  unit  we  find  a 
pair  of  nerves  one  on  each  side,  these  nerves  passing  out  from  the  spinal 
canal  in  which  the  spinal  cord  is  encased  through  the  vertebral  foramina. 
In  the  cervical  region  there  are  eight  cervical  nerves  corresponding  with 
the  foramina;  in  the  thoracic  region  we  find  the  dorsal  nerves  originating 
these  becoming  as  they  pass  out  between  the  ribs  the  intercostal  nerves; 
in  the  lumbar  and  sacral  regions  we  find  the  corresponding  nerves  origi- 
nating in  connection  with  the  lumbar  enlargement  of  the  cord  supplying 
the  viscera  and  uniting  in  the  formation  of  the  great  sciatic  trunk  'that 
furnishes  innervation  to  the  lower  extremities.  In  connection  with  the 
spinal  cord  on  the  basis  of  the  functions  we  have  already  o 

find  that  the  spinal  centers  are  regulative  of  (1)  motion,  This  reoresents 
the  most  important  action  of  the  spinal  nerve  centers.  In  order  to  under- 
stand these  movements  it  would  be  necessary  to  follow  out  the  analysis  of 
the  muscle  relations  with  the  spinal  cord,  but  this  is  not  necessary  in  the 
case  of  the  individual  muscles  because  all  movements  are  more  or  less 
similar.  In  regard  to  the  centers  which  are  associated  with  the  muscles 
the  localization  of  movoment  is  made  out  in  connection  with  the  different 
parts  of  the  upper  and  lower  extremities,  these  parts  corresponding  with 
the  segments  of  the  cord.  Hence  the  movements  are  determined  on  the 
basis  of  the  cord  divisions.  Ferrier  first  found  out  that  in  the  spinal 
cord  of  the  monkey  the  cervical  and  lumbar  enlargements  represented  the 
nerve  centers  for  the  muscle  groups  that  regulated  the  movement  of  the 
segments  of  the  lim  bs.  Others  who  followed  have  indicated  that  the 
spinal  cord  is  divided  into  segments,  corresponding  with  the  segments  of 
the  limbs  so  that  the  upper  parts  of  the  limbs  are  represented  by  the 
upper  centers  in  the  spinal  cord  and  so  on  down  to  the  lower  parts  of  the 
limbs  which  are  represented  by  the  lower  centers  in  the  spinal  cord.  For 
example,  in  the  case  of  the  upper  limb  that  part  of  the  cord  which  con- 
Inins  its  cen ters~1sToun d to  extend  from  the  fifth  cervical  to  the  first  dor- 
sal*: The  fifth  ancf  sixth  nerves  regulate  the  shoulder  joint  movements, 
while  the  eighth  cervical  and  first  dorsal  rep-ulate  the  thumb  movements. 
Tde  center  arrangement  for  determining  the  character  of  motion  follows 
the  same  plan.  For  example,  the  flexion  of  the  upper  limb  is  regulated 
by  the  upper  part  and  extension  by  the  lower  part  of  the  cervical  region. 
The  centers  in  the  thoracic  region  as  compared  with  the  cervical  and  lum- 
bar enlargements  are  smaller  and  less  important  because  the  muscles 
supplied  by  them,  namely,  in  connection  with  the  ribs  are  much  more 
limited  in  their  activity  than  the  upper  and  lower  limb  muscles. 

(2)  Sensation.  In  connection  with  the  nerve  centers  of  the  spinal 
cord  a proper  channel  is  opened  up  for  the  transmission  of  sensory  im- 
pulsesT  These  impulses  have  a special  channel  through  which  theypass 
and  also  certain  points  in  the  spinal  cord  where  they  arc  gathered  to- 
gether and  arranged  before  transmission  to  the  brain.  By  dividing  the 
limb  into  a posterior  and  anterior  portion  the  sensation  in  connection  with 
these  two  parts  will  represent  different  portions  of  the  spinal  cord  accord- 
ing to  the  point  at  which  they  enter  the  spinal  cord.  In  connection  with 
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the  afferent  impulses  that  come  from  the  portions  of  the  body  which  are 
in  active  motion  as  for  example,  from  the  muscles,  tendons  and  joints 
when  in  action,  these  impulses  representing-  what  we  call  the  elements  of 
the  muscular  sense,  form  the  basis  of  the  delicate  movements  that  are 
associated  with  the  equilibrium  of  the  bq,dy.  In  connection  with  the 
spinal  cord  they  leave  aspeial  importance  in  connection  with  the  up- 
right posture.  In the  loss  of  consciousness  the  body  standing-  will 

chang-e  the  erect  posture  because  of  the  inactivity  of  the  muscles  in  con- 
nection with  the  centers  in  the  spinal  cord.  If  the  muscles  do  not  con- 
tract the  joints  will  become  relaxed  and  hence  the  body  will  be  unable  to 
maintain  its  erect  position.  In  addition  to  this  entire  disorganization  of 
the  normal  condition  there  are  diseased  conditions  which  affect  only  par- 
ticular fibres  and  in  connection  with  these  fibres  only  particular  sections 
of  the  spinal  cord,  so  that  the  muscular  sensations  are  cut  off  from  cer- 
tain regions  of  the  spinal  cord.  It  is  in  such  conditions  as  these  that 
the  individual  althoug-h  he  is  able  to  maintain  the  erect  position  does  so  in 
a jAtag-g-ering-  manner,  as  we  find  it  in  connection  with  the  condition  of 
locomotor  ataxia  and  in  the  condition  of  tabes  which  represents  a gradual 
aodjiropressive  degeneration.  Hence  it  is  necessary  in  order  to  main- 
tain the  harmonious  organization  of  the  body  system  that  these  spinal  cen- 
ters receive  the  impulses  of  sensation  in  connection  with  the  muscular  and 
tactile  centers. 

( 3 Muscle  tonicity.  In  connection  with  the  spinal  centers  muscle 
tonicity  Is  preserved.  In  connection  with  the  lower  forms  of  lffe  such 
as  the  medusaea  condition  of  tonicity  is  preserved  by  the  nervous  system. 

hig-her  animalsTthe  muscles  are  preserved  in  a tonic  condition  by 
means  of  nerve  impulses  so  that  if  these  impulses  are  cut  off  the  muscles 
relax.  These  impulses  cannot  be  sent  out  from  the  centers  if  the  afff  r- 
ent  paths  are  interfered  with  or  cut  off.  By  the  division  of  the  posterior 
roots  the  muscles  that  are  supplied  in  connection  with  the  centers  whose 
posterior  roots  are  cut  become  relaxed.  The  same  thing-  is  true  if  the 
anterior  roots  are  divided.  The  existence  of  this  muscle  tonicity  is 
essential  to  the  functional  activity  of  the  muscles  because  the  muscle  con- 
traction depends  upon  this  tonic  condition  of  the  muscles.  In  the  case 
ol  infantile  paralysis  in  which  the  afferent  cells  seem  to  be  either  diseased 
°r  atrophied  there  is  a loose  condition  of  the  muscles  which  indicates  the 
absence  of  tonicity.  (4)  The  blood  vessels  are  also  kept  in  a tonic  condi- 
tion^by  the  nerve  supply  that  emanates  from  fire- "spinal  centers.  Here 
we  have  the  vasomotor  action  upon  the  blood  vessels.  In  connection 
with  the  blood  vessels  there  is  a constant  variation  in  the  calibre  of  the 
vessels,  this  variation  depending-  upon  rhythmical  contractions  and  relax- 
ations. Bernard  found  that  by  sending- afferent  impulses  to  the  spinal 
centci  s the  arterial  walls  may  be  relaxed  permitting-  of  a larg-er  supply  of 
blood;  different  impulses  may  lead  to  the  constriction  of  the  arterial 
walls.  Here  we  have  the  basis  of  dilatation  and  constriction  associated 
with  the  spinal  centers,  tHe  fibres  which  are  associated  with  this  function 
in  connection  with  the  blood  vessels  emanating-  from. the  spinal  centers. 
In  some  animals  as  for  example  in  the  serpent,  if  the  nerve  fibres  which 
itpiesent  vaso-constricticn  are  divided  there  is  a very  extreme  distension 
of  the  blood  vessels  in  the  abdominal  reg-ion,  so  that  a larg-e  supply  is 
lound  at  this  point,  so  larg-e  indeed  that  the  blood  may  be  kept  away  from 
the  lungs  and  the  upper  parts  of  the  body  producing-  death.  These  mi- 
nute centci  s which  reg-ulaic  this  function  of  vasomotion  arc  found  all  along- 
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the  spinal  cord  in  connection  with  .the  different  centers,  particular! . at  i;K. 
upper  part  of  the  thoracic  region  and  the  point  in  the  lumbar .enlargement 
from  which  the  first  three  lumbar  nerves  originate.  (5)  Another  spt  t i;u 
function  of  these  spinal  centers  is  to  send  out  impulses  which  regulate  ihe 
secretory  processes  in  connection  with  the  different  glands  of  the  l,odv 
so  that  glandular  secretion  is  subjected  to  regulation  in  connection  with 
the  spinal  centers. 

IiLXegard  to  the  posterior  ganglion  there  is  no  evidence  that  it  mav 
be  the  center  ol  reflex  action  or  that  automatically  it  can  originate  ellem.: 
impulses.  The  nerve  cell  bodies  are  different  from-  tH6  process!- 
ceTIs~aIThough  These  are. really  part  of  the  cells.  Tt  is  certain  tb, 
poisons  act  more  sensitively  on  the  cells  than  on  the  processes-  The 


. . a..- 

hon  is  in  some  way  connected  with  the  nutrition  of  the  nrrVfs  ')  ;u. 

th  of  the  efferent  and  afferent  fibres  takes  place  in  opposite  dirci- 
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tions  so  that  they  are  controlled  by  different  trophic  centers,  the  afferent 
fibres  developing  away  from  the  ganglion'  t6“ward>  the  periphery  or 
cord.  The  efferent  fibres  grow  out  from  the  spinal  cord  ’neriohei  ; 

fhi  ' 3St . ■. i 1 I"'.  i ■ n-  » ■ ' . 


The  fibres  of  the  posterior  root  ha/e  a strong  hold  on  the  spinal  cord, 
some  fibres  extending-  throughout  the  whole  spinal  cord  entering  the 
medulla  passing  along  the  side  of  entrance  into  the  cord.  Others'  p as.-. 
along  the  posterior  column  entering  the  gray  matter  either  above  or  below 
the  point  of  entrance  to  the  cord  and  either  on  the  same  side  or  on  the  op- 
posite side.  T hus  an  affermt  Impulse,  may  pass  along  the  posterior  root 
to  the  cord  and  may  nmdiice  results  either  above  or  below  the  point  of  cn- 
t ranee.,  while  others  pass  along  the  whole  length  < f the  cord  beforTai  v 
results  may  be  found  and  may  even  pass  into  the  medulla  before  any  resul- 
ting action  takes  place.  By  the  method  of  degeneration  it  has  been  Found 
that  certain  fibres  originating  as  processes  of  cortical  cells  pass  to  the 
medulla  through  the  crura,  decussate  in  connection  with  the  pyramids 
and  pass  through  the  lateral  column  of  the  spinal  cord  forming-  the  cross- 
ed pyramidal  tract  in  connection  with  the  thoracic  portion  of  the  latera: 
column,  passing  along  the  whole  length  of  the  cord.  It  gradually  dimin 
ishes  as  it  passes  downward  on  account  of  fibres  passing  out  from  it  so 
as  to  form  the  anterior  roots.  In  this  way  impulses  leaving-  the  cortex 
crossing  to  the  other  side  in  the  medulla  and  passing  along  the  cord  on 
the  same  side  affect  the  body  on  the  side  opposite  to  that  of  origin.  Other 
fibres  leaving  the  cortical  cells  do  not  decussate  in  connection  with  the 
pyramids  but  pass  along  the  same  side  of  the  cord  forming  the  direct 
pyramidal  tract  which  only  appears  in  the  upper  portion  of  the  cord. 

In  connection  with  the  spinal  cord  Gowers  makes  out  a tabulated  list 
of  centers  in  connection  with  superficial  reflexes,  (1)  the  interscapular  re- 
flex resulting  in  the  contraction  of  the  muscles  attached  to  the  scapula 
from  the  sixth  cervical  to  the  first  dorsal;  (2)  the  epigastric  reflex  which 
arises  from  stimulation  of  the  anterior  part  of  the  s.cin  between  the  fourth 
and  sixth  ribs  in  connection  with  the  fifth,  sixth  and  seventh  dorsal;  v>' 
the  abdominal  reflex  consisting  of  the  contraction  of  the  abdominal  mus- 
cles from  the  eighth  to  thjeutwelfth  dorsal.  The  absence  of  this  reflex  on 
both  sides  is  taKen  as  a diagnostic  sign  of  extended  disease  of  the  brain 
while  its  absence  on  one  side  indicates  the  affection  of  the  brain  on  the 
opposite  side  of  the  head;  (4)  the  cremaster  reflex  in  connection  with  the 
first,  second  and  thirduhi  in  bar;  (5)  the  gluteal  re.  ex  consisting  <•!  '.he 

contraction  of  the  gluteal’ muscles  in  connection  with  the  fourth  and  li 1 1 i 
lumbar;  (b)  the  plantar  reflex  in  connection  with  the  first,  second, 
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third,  fourth  and  fifth  sacral.  (7)  The  vesical  reflex  in  connection  with 
the  first  sacral,  the  rectal  reflex  in  connection  with  the  second  sacral  and 
the  genital  reflex  in  connection  with  the  third  sacral. 

Physiologists  are  not  agreed  as  to  the  excitability  of  the  spinal  cord 
in  connection  with  artificial  stimuli.  B rown-Seqnar d claims  that  to  apply 
stimulation  either  to  the-white  or  gray  matter  produces  neither  mov.e- 
ment  nor  sensation.  According  to  Schiff  the  spinal  cord  does  not  itself 
respond  to  stimulation  but  produces  sensations.  His  views  may  be  sum- 
mlirized  as  follows:  (1)  The  sensory  fibres  of  the  posterior  roots  in  the 
posterior  columns  produce  sensations  of  pain  but  the  posterior  columns 
oTTFie  cord, do  not  produce  such  painful  sensations.  He  finds  that  the  re- 
moval  of  the  posterior  column  results  in  the  loss- of  the  tactile  sensation 
and  its  stimulation  produces  dilatation  of  the  pupil  while  the  sensation  of 
paTiTTn~both  cases  remains  intact.  (2)  He  finds  that  the  anterior  columns 


cannot  be  excited  as  long  as  the  stimulation  takes  place  direct,  but  there 
may  be  resulting  movements  in  connection  with  the  stimulation  of  the  au- 
terior  roots.  Accor  ding  to  Schiff  the  stimulation  of  an  uninjured  cord, 
takes  place  either  in  connection  with  the  anterior  or  posterior  nerve  roots, 
i his  view  of  Schiff  is  opposed  by  jjjck  who  claims  that  the  cord  can  be 
-directly  stimulated,  as  he  found  by  stimulation  of  the  white  columns  of 
the  cord  there  were  resulting  movements.  In  the  case  of  the  vaso-con- 
strictors  that  pass  down  the  lateral  column  of  the  cord  these  may  be  ex- 
cited by  all  the  stimuli  which  come  to  them  along  their  path,  the  direct 
stimulation  of  the  fibres  in  a transverse  section  of  the  cord  producing 
constriction  of  the  blood  vessels  that  lie  below  the  point  of  section.  Simi- 
larly the  ascending  fibres  in  the  cord  may  be  stimulated  so  that  the  vaso- 
motor center  is  excited  without  producing  sensation.  The  spinal  cord 
may  be  stimulated^  directly  by  the  application  of  NaCl  or  'fresh  blood  to 
the  cut  surface:  The  motor  centers  of  the  cord  may  be  directly  stimu- 

lated  by  blood  above  a temperature  of  40  degrees  C.  or  by  excessively 


neath  the  point  of  division;  to  such  an  extent  is  this  the  case  that  animals 
!ji  this  condi tion~scream  at  the  slightest  touch.  On  the  other  side  the 
sensibility  is  permanently  lessened. 

th  cnhnccTTdn  with  the  spinal  cord  some  work  has  been  done  in  the 
localization  of  conducting  paths.  In  connection  with  the  posterior  root 
the  internal  portion  is  supposed  to  convey  the  Impulses  from  tendons  and 
those  in  Connection  with  touch  and  tlie  localization  of  space.  In  diseas'ed' 
conditions  of  the  external  part  of  the  posterior  column  such  as  is  found  in 
locomotor  ataxia,  the  deeper  reflexes  are  diminished  and  may  even  be  de- 
stroyed. In  the  external  fibres  we  find  the  paths  that  lead  into  the  gray 
m Mtci  of  the  posterior  horns  carrying  the  impulses  of  temperature  and 
the  sk-n  impulses  of  pressure  .and  contact.  The  central  fibres  which 
enter  directly  into  the  gray  matter  carry  the  sensations  of  pain.  The 
t^ctne  sensations  including  pressure,  temperature  and  the  muscular  sen- 
sations are  borne  upward  along  the  posterior  roots  of  the  ganglia  in  connee- 
!on  with  the  posterior  hornsjpassing  into  the  posterior  columns  on  the  same 
n ^he  human  subject  the  impulses  from  tbe  legs  pass  along  the 
(roll  tract  while  the  arm  impulses  pass  along  the  anterior  column  ground 
he  impulses  in  connection  with  voluntary  movement  are  car- 
rich  along  the  same  s.dc  in  c onncction  with  the  anterior  and  lateral  columns 
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and  in  the  pyramidal  tracts.  The  impressions  enter  the  anterior  horn 
_ccjli>  -passing  to  the  anterior  roots  from  these  cells.  In  the  lower  dorsal 
region  in  connection  with  the  rabbit  these  impulses  have  been  found  to  be 
limited  to  the  lateral  columns.  In  connection  with  the  reflexes  originated 
b\  the  tactile  sensations  the  impulses  pass  into  the  posterior  roots  enter- 
ing- the  posterior  horns.  The  g-anglia  cells  which  are  exercised  in  the  co- 
ordination of  reflex  action  are  united  by  means  of  fibres  which  pass  alon 
the  anterior  paths,  the  anterior  ground'  bundle  and  possibly  along  the  cer- 
ebellar tract.  In  locomotor  ataxia  we  find  a degenerated  condition  of  th 
posterior  columns  resulting  in  interference  with  motor  action.  There  i 
not  an  interference  with  the  voluntary  movements  but  there  is  a lack  of 
adjustment  and  coordination  which  depend  upon  the  impulses  of  touch 
and  the  muscular  sensations  that  are  found  associated  with  the  posterior 
columns.  1 he  mantaining-of  equilibrium  depends  on  the  impressions  that 
pass  inward  to  the  centers  of  coordination  in  connection  with  the  central 
nerves  so;  that  any  interference  with  the  deeper  cr  more  superficial  of 
these  sensations  interferes  with  equilibrium:  for  example,  in  locomotor 
ataxia,  if  a person  closes  the  eyes  and  puts  the  two  feet  together  it  will  be 
difficult  to  manitain  equilibrium  because  of  the  cutting  off  of  sensations  in 
connection  with  the  optic  nerve,  because  the  other  weakened  impulses  are 
too  feeble  to  be  capable  of  securing  coordination.  When  the  tactile  reflex 
sensations  are  inhibited  this  inhibition  takes  place  in  connection  with  the 
anterior  columns,  the  impressions  passing  from  the  anterior  columns  to 
the  gray  matter  in  which  they  become  united  with  the  reflex  mechanism. 
The  sensations  of  pain  pass  along  the  posterior  roots  entering  the  grav 
matter,  after  which  decussation  takes  place.  Injury  to  the  grav  matter 
does  not  stop  the  conduction  of  the  sensations  of  pain  although  they  may 
be  enfeebled;  if  however  the  gray  matter  is  completely  divided  then  the 
painful  sensations  are  interrupted,  producing  the  analgesic  condition.  It 
is  claimed  that  in  the  case  of  the  use  of  chloroform,  it  the  condition  of  nar- 
cosis  is  imperfect  this  is  found  as  the  chloroform  acts  much  more  = u i ch: 
on  the  nerves  that  conduct  painful  sensations  than  on  those  which  are  as- 
sociated with  the  tactile  sensations,  so  that  while  consciousness  may  exist 
as  to  what  is  being  done  there  is  not  consciousness  of  the  pain  associated 
with  the  action  or  operation.  The  entire  gray  matter  takes  part  in  the 
conduction  of  these  sensations  of  pain  so  that  if  the  impressions  fare 
strong  the  painful  sensations  are  also  strong,  accounting:  for  the. fact  that 
painful  sensations  may  be  radiated.  It  is  in  this  wav  we  account  for  the 


fact  that  an  acute 
'wide 
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a single  point  may  be  radiated 
over  a wide  area.  In  connection  with  spasmodic  impulses  originating 
spasms  of  movement  the  gray  matter  represents  the  path  of  conduction 
to  the  anterior  roots  as  we  find  in  epilepsy-  In  the  case  of  wide  reflex 
spasms  the  impulses  pass  from  the  posterior  roots  to  the  anterior  horn 
cells  from  which  they  pass  to  the  anterior  roots  either  above  or  below  * 
point  of  entrance  into  the  cord.  The  vasomotor  fibres  are  found  in  the 
lateral  columns  passing  into  the  gray  matter  leaving  the  cord  by  the  pos- 
terior roots,  reaching  the  muscles  either  in  connection  with  the  spina1 
nerves  or  after  passing  through  the  rami  communicantes  in  connection 
with  the  sympathetics.  If  the  spinal  cord  is  completely  divided  in  trans- 
verse section  there  is  complete  paralysis  of  sensation  and  motion  in  all 
parts  supplied  by  the  nerves  beneath  the  point  of  section.  This  does  not 
interfere  however  with  the  tonic  trophic  condition  of  the  muscles  sup- 
plied below  the  point  of  section.  Vasomotor  paralysis  is  fou.:id  below  the 
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point  of  section  although  this  is  temporary  because  after  a short  time  the 
subordinate  vasomotor  centers  become  completely  established  and  in  this 
way  the  blood  vessels  become  tonic  again.  The  voluntary  control  of  the 
parts  below  the  point  of  section  is  cut  off,  although  the  actions  of  m j rr 
t n r i t i ona  n d d e f ae  c e tum  soon  become  purely  reflex  in  this  condition.  If 
the  section  of  the  cord  is  unilateral  there  is  paralysis  of  the  voluntary 
muscles  of  the  same  side  that  are  supplied  by  the  nerves  given  off  from  the 
spinal  cord.  The  muscles  thus  cut  off  do  not  become  atrophied,  but  as 

of  the  nerves  takes  place  they  become  rigid. 


soon  as  the 


degeneration 


The  vasbfnotoiy paralysis  is  found  on  the  same  side  as  the  lesion,  but  this 
does  not  continue  below  the  point  of  injury.  There  is  complete  anaes- 
thesia and  analgesia  on  the  opposite  side  beneath  the  section,  on  armnnt 
oi  the  tact  that  the  sensory  nerves  when  they  enter  the  cord  very  soon  de- 
cussate. although  some  fibres  run  up  along  the  same  side  producing  a 
dTninisled  degree  of  sensibility  in  a small  area  at  the  level  of  the  section. 
InTheffru inan  subject  we  nnd  nyperaesfhesia  in  coflfl'gdtion  withThe  parts 
ben eath  the  point  of  section. 

t here  are  thus  two  great  pathways  along  the  spinal  cord  from  the 
brain  to  the  periphery,  (1)  the  motor  or  efferent  path  originating  in  the 
cortex  in  the  rTgidfl  of  the ORolancTic  fissure,  passing  along  through  the 
corona,  radiata  and  the  narrow  isthmus  of  the  posterior  part  of  the  intern. ^ 1 


capsule  through  the  crusta  of  the  crus  cerebri  into  the  bulbar  pyramid 
where  the  majority  of  the  fibres  decussate,  passing  out  into  the  ce’rvTca 


e majority 

part  of  the  cord'  along  the  crossed 
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. — - ..  ----  - - pyramidal  tract  on  the  opposite  side: 

while  a few  of  the  fibres  about  ten  percent  of  them  continue  on  the  same 
side  as  the  uncrossed  pyramidal  tract,  these  fibres  gradually  crossing  in 
connection  with  the  anterior  white  commissure  and  entering  into^the 
crossed  pyramidal  tracton  the  opposite  side.  The  fibres  of  the  crossed 
tract  are  gradually  given  off  to  the  gray  matter  of  the  anterior  horns  in 
which  they  are  divided  into  fibrils,  uniting  with  the  plexuses  close  to  the 
nerve  cells,  the  cell  processes  of  which  pass  out  in  the  anterior'  roots  of 
t|1C  :"P‘*^  nerves.  Thus  the  crossed  tract  is  gradually  losing-  its  fibres. 
alimgytnc  length  of  the  cprd,  this  loss  being  partly  compensated  for  bv 
L 10  ‘1'  ision  ot  some  of  the  remaining  fibres,  until  the  entire  tract  disap- 
pears in  connection  with  the  lumbar  region  of  the  cord.  On  the  two 
o'.des  thecrossed  pyramidal  tracts  send  out  across  the  median  line  isolated 
*4kres\v  Inch  reinforce  tbe_ppposite  tracts  as  recrossed  fibres!  This  it  is  said 
r-  tjyc  reason  why  in  the  case  of  paralysis  of  one  side  of  the  body  only 
- 1;  1 e are  sornc  muscles  that  escape  paralysis "becatisg  they  "havebe come 
aUncned,  as  sympathetic  muscles  to  those  of  the  opposite  si cfefin  connec- 


tipn  with  those  recrossed  fibres 
wh 


opposil 

(2)  The  sensory  or  afferent  tract  along 


wh  y n some  if  not  all  the  fibres  from  the  pfisTerior  root's  pass  up  along  the 
series  <>T nerve  cells  to  the  cortcx'cerebelli,  the  corpora  quadrigemina,  the 
optic  thalamus  and  the  cortex' cerebri.  Along  the  efferent  path  wav"  we 
,,llt  °ne  cell  group,  the  efferent  cells  of  the  anterior  horn.  wTnleTh  the 
<iHc ngH  we  find  two  cell  groups,  one  in  connertinn  with  the  posterior 
ganglia  and  the  other  in  connection  with  the  medulla. 

he  iLLf.er.cnt  lmpuj^cs  that  pass  to  the  cord  along  the  posterior  roots 
may  choose  different  pathways  in  their  passage  to  the  brain,  (1)  directly 
alop_githegpostcro-m  ed  ian  col  urn  n . Passing  along  this  path  they  will 

enter  the  nerve  cells  in  the  cuneate  nuclei  of  the  medulla;  (2)  directly 
along  the  cerebellar  tract  to  the  restiform  body.  Along  th 
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1 very  soon  enter  nerve  cells  in  the  cord 
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column.  (3)  They  may  pass  along  the  antero-latcral  column  mar h;,v- 
the  nerve  -cells-tn  connection  with  thrlateral  nucleus  of  the  pprllTTit- 
they  may  pass  across  the  median  line  in  connection  with  the  fibres 
that  are  found  hr  the  /posterior  a ray  "commissure  and  after  passing  Qato 
one-ol±h£.a9Cending  Tracts  Pass  directly  tothe  brain;  (5)  they  may  cnteT 
thc_gxa^__matter  and  leave  it  at  a higher  level  entering  the  white  matter 
arKLpaSS*ng  t^lence  etther  directly  or on  the  opposite  side  to  th e hrp\n 
I^thologyindicates  that  the  decussation  of  the  sensory  ffares  takes  pWe 
clneliy  in  the  spinal  cord  because  where  nnp  lateral  half  of  the  cord  in  de- 
stroyed there  is  an  increase  of  sensibility  on  the  same  side  beneath  the 
point  of  lesion  and  the  sensibility  on  the  opposite  side  is  lessened.  The 
afferent  fibres  do  not  decussate  in  the  cord  until  interruption  fa  ces  place 
in  connection  with  the  nerve  cells.  Horsley  finds  that  on  dividing  the 
sciatic  nerve  and  stimulating  it  centrally  by  electricity  the  negative  var- 
iation passes  over  to  the  opposite  side  of  the  cord.  In  addition  to  this 
crossed  reflex  movements  are  found.  In  the  case  of  the  stimulation  of 
the  central  end  of  the  sciatic  we  find  movements  in  eth  opposite  front 
limb  indicating  the  decussation  of  the  afferent  impression  in  the  lumbar 
region  of  the  cord  somewhere,  passing  up  the  cord  to  the  point  of  level 
with  the  brachial  plexus.  Hence  some  of  the  sensory  impulses  decus- 
ate  in  the  cord,  the  remainder  in  all  probability  decussating  in  the  medulia. 
It  is  claimed  by  some  that  sensory  impulses  may  pass  along  any  path, 
open  to  them.  This  is  negatived  by  the  fact  that  when  certain  lesions  arc 
found  in  connection  with  the  cord  there  is  a loss  of  some  sensations  with- 
out any,  or  with  only  a slight,  interference  with  others'.  Here,  e .identic, 
the  pathological  condition  is  limited  to  a particular  path.  In  locomotor 
ataxia,  for  example,  degeneration  is  mostly  associated  with  the  posterior 
column,  indicating  the  cutting  off  of  both  impulses  which  arise  in  connec- 
tion with  the  tactile  sensations  and  form  the  basis  of  the  muscular  sense 
as  well  as  the  foundation  of  the  equilibrium  of  the  body. 

Head  lays  down  the  principle  that  a certain  segment  of  the  cord  su  >- 
pliesji  certain  region  of  the  visceral  system  and~ on  this- 'assumption  ha  - 
mappeTTout  the  spinal  cord  into  areas  corresponding  with  the  function’s 
discharged  by  certain  organs,  as  follows:  the  heart,  first  to  third  dorsal 
nerve  roots;  the  lungs,  first  to  tEelifth  dorsal:  the  stomach,  sixth  to  nintli 
dorsal ; the  intestines,  ninth  to  twelfth  dorsal;  rectum,  twelfth  dorsal  and 
second  to  fourth  sacral;  the  liver  and  gall  bladder,  seventh  to  tenth  dor- 
sad; the  kidneys  and  ureters,  tenth  to  twelfth  dorsal:  the  bladder,  eleven; 
and  twelfth  dorsal,  first  lumbar,  second  to  fourth  sacral:  the  prostata, 

tenth  to  twelfth  dorsal,  fifth  lumbar  and  first  to  third  sacral:  epiilidvmi>; 
eleventh  and  twelfth  dorsal,  first  lumbar;  testes  and  ovaries  tenth  dorsal: 
uTeTlTlV tenth  to  twelfth  dorsal,  first  lumbar  and  second  to  tourth  sacra  1 . 

In  connection  with  tfte  renexes  these  are  made  use  of  diagnostically  as  any 
diminution  or  loss  of  reflex  action  involves  the  alteration  and  loss  of  the 
power  of  conduction,  even  if  the  center  continues  to  be  intact.  In  loco- 
motor ataxia,  for  example,  the  absence  of  the  knee  jerk  indicates  the  dis- 
eased condition  involving  the  posterior  roots  and  the  posterior  column  of 
the  spinal  cord,  while  the  centers  in  the  gray  matter  and  the  anterior 
roots  are  normal,  at  least  in  the  initial  stages  of  the  disease.  In  cases  of 
the  inflammation  of  the  g'ray  matter  of  the  cord  there  is  a break  in  the 
central  and  efferent  links  while  the  sensory  link  in  the  reflex  is  perfect. 

In  the  case  of  a paraplegia  involving  paralysis  of  the  lower  extremities  of 
the  body  when  brought  on  suddenly  by  accident  or  resulting  from  chronic 
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diseased  conditions,  the  reflexes  become  exaggerated  on  account  of  the 
cutting-  off  of  the  inhibitory  influence  of  the  higgler  centers.  In  the  case 
of  degeneration  associated  with  the  lateral  columns  of  the  spinal  cord 
there  is  an  intensification  similarly  of  the  reflex  action  of  the  cord  arising 
from  the  withdrawal  of  inhibitory  influences  or  possibly  due  to  the  in- 
creased irritability  of  the  gray  matter  ot  the  cord  itself.  Experiments 
and  observations  join  in  demonstrating  that  the  motor  paths  in  the  human 
subject  pass  from  one  side  of  the  brain  to  the  other  side  of  the  body  by 
way  of  the  lateral  column  on  the  opposite  side  and  along  the  anterior 
column  on  the  same  side,  the  former  representing  the  crossed  pyramidal 
tract  which  crosses  over  the  median  line  in  the  medulla  and  the  latter  rep- 
resenting the  uncrossed  pyramidal  tract  which  is  smaller  and  crosses  the 
median  line  in  the  spinal  cord.  In  connection  with  the  sensory  paths 
these -crnasJrom  on e side  of  the  body  to  the  opposite  side  of  the  brain,  the 
principal  crossing  taking  place  according  to  the  older  view  in  the  cord  but 
according  (to  the  more  recent  view  in  the  medulla  higher  than  the  pyrami- 
_dal  decussation. 

It  is  not  possible  to  observe  the  reflex  action  as  it  takes  place  in  the 
spinal  cord  in  the  normal  condition.  Hence  if  the  brain  and  the  spinal 
cord  remain  intact  the  reflex  and  the  voluntary  actions  cannot  be  separat- 
ed, so  that  in  the  human  subject  in  normal  conditions  sensation  and  voli- 
tion are  so  closely  related  together  that  they  cannot  be  separated.  The 
reflex  actions  that  are  associated  with  the  spinal  cord  represent  the  un- 
conscious attempt  to  defend  and  preserve  the-  body.  In  the  case  of  the 
decapitated  frog  in  a pendent  position  by  irritating  one  of  its  feet  retrac- 
tion of  the  limb  takes  place  in  connection  with  the  action  of  the  flexor 
rauscle.  After  the.  irritation  is  withdrawn  the  limb  is  extended;  if  the  ir- 
ritation is  continued  the  muscles  will  flex  and  extend  until  the  spinal  cord 
is  exhausted.  Here  the  flexor  muscles  are  brought  into  activity  in  connec- 
tion with  the  attempt  to  remove  an  irritation.  If  an  irritation  is  applied 
to  the  side  of  the  body  the  hind  limb  will  move  towards  the  point  of  irrita- 
tion with  the  object  of  removing  the  irritation,  indicating  the  adaptive 
character  of  the  reflex  movements.  This  does  not  depend  upon  any  psy- 
«.inc  function  discharged  in  connection  with  the  spinal  cord  because  we 
L..ow  that  when  the  cord  is  cut  off  from  the  brain  by  lesion  or  disease  the 
parts  of  tne  body  beneath  the  lesion  cease  to  be  sensitive  and  subject  to 
volition.  Hence  the  movement  must  depend  upon  the  limb  relation  to  the 
nervous  mechanism  found  associated  with  the  spinal  cord.  In  the  case  of 
experiments  made  on  decapitated  individuals  it  was  found  that  by  stimu- 
lating the  surlace  ol  the  chest  the  arm  was  flexed  and  the  forearm 
was  moved  inward,  resulting  in  the  bringing  of  the  hand  close  to  the  point 
> 1 it  i itation.  It  is  evident  from  this  that  the  sensory  fibres  are  directly 
: e.atcd  to  the  motor  fibres  through  the  cells  of  the  gray  matter  in  the 
spinal  cord  which  gives  direct  reflex  action.  These  reflex  movements  as- 
sociated with  flexion  are  peculiarly  adapted  to  protect  the  body  and  may 
icsult  « rom  slight  stimulation;  the  movements  that  are  associated  with 
expansion  and  rotation  seem  to  be  adapted  to  warding  off  some  foreign 
body  or  to  the  withdrawing  of  the  body  from  some  foreign  substance  and 
Liiese  depend  for  their  activity  upon  an  increased  stimulation.  By  stimula- 
ting suddenly  the  surface  of  the  body  either  mechanically  or  thermally 

c is  oiten  a quick  spasmodic  movement  even  before  any  sensation  of 
; am  is  lelt,  so  that  the  action  must  be  purely  reflex.  If  the  equilibrium 
< i ne  body  is  lost  the  limbs  are  found  to  be  bent,  indicating  the  attempt 
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of  ihe  body  to  protect  itself  from  fall  by  breaking  the  movement  so  as  to 
bring-  down  the  body  with  ease.  These  movements  are  performed  alto- 
gether outside  of  the  field  of  consciousness.  One  of  the_most  important 
of  the  functions  discharged  by  the  spinal  cord^TTlH'  the  preservation  of 
e^TTTibriiim  and  in  the  guidance  of  body  locomotion.  In  the  maintenan  e 

of  equilibrium  many  muscles  are  brought  into  play  the  bod  v beii 
anced  and  preserving  its  equipoise  without  exhaustion.  In  the’ body 
movements  the  flexor  and  extensor  muscles  are  associated  together  with 
peculiar  adaptive  power  in  the  balancing  of  the  body  as  the  body  is  moved, 
calling  into  play  the  action  of  extensive  muscle  combinations.  In  the 
maintenance  of  equilibrium  and  in  the  g-uidance  of  locomotion  the  spinal 
cord  requires  the  assistance  of  the  brain  because  if  the  medulla  is  sud- 
denly injured  or  if  the  upper  part  of  the  spinal  cord  is  injured  bodv  eoui- 
librium  is  no  longer  preserved.  In  some  of  the  lower  animals  as  in  the 
frog  the  reflex  action  of  the  spinal  cord  is  sufficient  to  preserve  the  bodv 
in  balance  upon  the  limbs  but  in  this  case  the  body  seems  to  rest  upon  its 
limbs  naturally.  The  ^decapitated  frog  according  to  some  can  be  made 

to  jump,  each  movement  stimtilafiny-TfieTni bs jaO_ tjia f pyfpn^nn  nniT  . 0 . 
tonjaxg^pj^moted...  In  the  higher  animals _and  especially  in  man  in  addi- 
tion .tajeflex  action  there  is  voluntary  action!  While  the  voluntary  action 
is  necessary  in  equilibrium  and  locomotion  the  subordinate  part  nf  th,-^ 
functions  is  dischafgedTv  the  spinal  cord.  In  other  words  when  the 
action  involved  in  equilibrium  or  locomotion  has  been  originated  the  appa- 
ratus of  the  spinal  cord  may  continue  the  action  without  any  volition  or  n 
tervention  on  the  part  of  the  will.  It  is  not  known  in  what  way  this  is  ac- 


complished possibly  it  is  because  the  reflex  action  of  the  cord  keeps  un 
constantly  the  tension  and  relaxation  necessary  for  the  equilibrium  and 
locomotion  of  the  body.  Here  there  is  required  the  harmonious  action  of 
the  different  parts  of  the  spinal  cord  and  this  takes  place  through  the 
longitudinal  fibres  that  are  found  in  the  posterior  columns.  These  fibres 
are  found  to  run  for  a short  distance  in  the  posterior  columns  entering 
and  leaving  and  then  reentering  the  gray  matter  as  they  pass  upwards 
forming  a continuous  tract  throughout  the  spinal  cord.  At  the  margins 
of  the  gray  matter  and  the  white  columns  fibres  pass  iik  a slanting  direc- 
tion from  the  one  to  the  other  and  this  is  found  to  be  the  case  particularly 
in  the  posterior  columns  and  in  connection  with  the  posterior  horns.  The 
posterior  columns  do  not  represent  the  pathways  for  sensibility  or  in  con- 
nection with  voluntary  action.  The  division  of  these  columns  does 
not  produce  paratysis  but  if  there  are  several  divisions  transversely  at 
short  distances  locomotion  is  interfered  with  and  there  is  the  loss  of  mus- 
cular equilibrium. 

Where  injuries  are  found  in.  tlie-spinal -cord  there  are  found  to  take 
place  secondary  degenerations  which  may  exist  in  different  parts  of  the 
longitudinal  columns.  Some  have  claimed  that  these  secondary  degenera- 
tions are  found  to  extend  from  the  original  injury  towards  the  brain  and 
never  away  from  the  brain  peripherally.  The  internal  part  of  these 
columns  is  found  to  consist  of  a narrow  portion  which  in  connection  with 
the  cervical  region  is  distinct  and  separate  from  the  rest  of  the  column, 
this  part  being  called  the  Goll  column.  On  the  external  part  of  the  pos- 
terior column  the  degeneration  is  found  to  extend  centrailv  for  a short 
■distanc'd,  indicating  that  the  longitudinal  fibres  close  to  the  posterior  horn 
arc  short  and  arise  from  the  gray  matter  ending  jfl  gray  matter _ a Tittle 
above.  In  connection  with  locomotor  ataxia  we  find  an  impedime  . . in 
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walking-  interfering-  with  the  body  equilibrium,  so  that  the  body  equili- 
brium cannot  be  preserved  normally  without  volition.  Hence  the  locomo- 
tion is  abnormal  while  the  power  of  volition  is  preserved  normally.  This 
is  evident  from  the  fact  that  muscular  strength  can  be  exerted  at  will 
both  in  connection  with  the  arm  and  the  limb.  In  other  words  while  the 
voluntary  control  is  complete  the  involuntary  element  is  weakened.  In 
connection  with  th|s  disease  the  posterior  columns  are  found  to  be  affect- 
ed, this  affection  being-  found  to  be  sclerotic,  the  connective  tissue  in- 
creasing while  the  nervous  tissue  has  deg-enerated.  If  this  condition  is 
localized  in  a small  area  of  the  posterior  columns  voluntary  activity  is  not 
interfered  with;  but  if  it  is  found  to  cover  a larg-e  area  either  in  "the  cer- 
vical, dorsal  or  lumbar  region  there  is  always  an  interference  with  voli- 
tional movements.  This  sclerotic  condition  of  the  posterior  column  is 
limited  to  the  lateral  parts,  the  disease  in  this  case  representing-  a pri- 
mary chang-e  in  the  nervous  system  involving-  a greater  or  less  extent  of 
the  nervous  tissue. 

From  these  facts  it  is  evident  that  in  the  spinal  cord  there  is  definite- 
ly localized  the  involuntary  power  of  muscular  coordination  which  is  par- 
ticularly associated  with  the  long-itudinal  fibres  of  the  posterior  columns. 
T_he  apinai  cord  exercises  an  important  control  over  the  intestinal  sphin- 
' tei  s and  the  muscles  of  dclaecation.  lll'b^i  sympjpthetic  supplies  ner- 
v,.,lls  ybiinection  to  the  small  intestines,  the  colon  and  the  caecum  but  the 
lower  part'  of  the  rectum  ds- in  iter  vafetl  from  the  spinal  nerves  through  the 
sacral  plexus.  The  lower  portion  of  the  larg-e  intestines  represents  the 
faecal  res'ervoir.  When  the  faeces  commence  to  pass  from  the  lower 
nart  <>i  the  intestine  there  is  capacity  of  retention  in  the  rectum  and  also 
' apacity  of  discharge,  these  depending-  upon  the  action  of  two  sphincters, 
t h c spincte  1 ani  which  has  as  its  function  the  closure  of  the  anal  orifice, 
and  then  the  levator  ani  which  is  associated  with  the  contraction  and 
opening-  of  the  anus.  These  actions  take  place  under  the  reflex  control 
oi  -l_hcg_ce liters  in  the  spinal  cord.  Normally  the  spincter  ani  is  in  a con- 
dition of  contraction  hindering-  the  intestinal  contents  from  escaping-. 

* closure  of  the  sphincter  is  purely  involuntary  depending-  upon  the 
i efiex  action  of  the  spinal  cord.  On  the  distention  of  the  rectum  a stim- 
ulation is  aroused  which  passes  to  the  spinal  cord  arousing-  an  impulse 
v.  hhli  is  sent  t rorn  the  cord  to  the  sphincter  ani  producing-  relaxation, 
•inudtaneously  the  margins  of  the  relaxed  opening  are  drawn  upwards 

b 1 the  I • — ” 
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die  action  of  the  levator  ani,  permitting-  of’the  expulsion  of  the  faeces, 
icse  actions  are  associated  in  normal  conditions  with  more  or  less  vol- 
u|Tai'y  control,  the  voluntary  control  exercising  an  inhibitory  influence 
untd  the  involuntary  impulse  prevails  wKjnThe  discharg-e' takes  place  in  coii- 
neclion  with  the  reflex  function  of  the  spinal  cord. 

excessively  irritable  the  discharg-e  takes  place 
,il  tiic  cord  is  injured  the  n sensibility  and  voluntary; 


die  spinal  cord  be- 
lace  purely  involuntarily.. 

—  injured  then  sensibility  and  voluntary  actions  are  absent  the 

uiscipi.ric  oejng-  both  Involuntary  and  unconscious.  ' If  the  lower  part  of  the 
' i /!f~  '.ujurqd/then  the  normal  contraction  of  the  sphincter  muscles  is  lost 

(tlicjynrpcrmanent  relaxation  of  the  sphincter  so  that  the  power  of  reten- 
tion is  lost  The  UlaMgr  represents  a urinary  reservoir  and  in  connection 
uit.iPwe  find  the  vesical  sphincter.  The  nerves  of  the  Madder  ^7? 

o consist  of  sympathetic  fibres  in  connection  with  the  ganglia  of 
tjc  mi  ,.e filer v and  the  spinal  nerves  from  the  lumbar  region  of  the  cord, 
a union  of  these  taking  place  in  connection  with  the  hypogastric  plexus. 

- his  vcrical  sphincter  is  maintained  in  a condition  of  tonicity  by  involun- 


ncrvous  .jiction^  Wheigevac nation  ta kesplac e relaxation  of  iju* 

spli meter. -takes- place  by  a — voluntayw--irnpulse  the  r.onf r;.. -i i,.n  of  the 
bladder  taking  place. in  voluntarily.  It'  has  been  found  that  by  irnmiin; 

tjiejujnjjcy^  of  the  s pi  mil  rord  ..there  is  a contraction  of  the  bladder. 

thcsg_eontractions  ceasing-  if  the  sacral  nerve  roots  are  divided.  Sinn. 
bljul  (lei  yon  traction  may  be  found  by  stimulating  the  sympatheth 
spinal  nerves  entering-  the  hy.pogastic  plexus.  If  the  spinal  cord  as 
diseased  or  injured  there  is  found  paralysis  of  the  bladder,  the  contrac- 
tion of  the  blad dei* being-  subject  to  the  involuntary  action  of  the  svm pa- 
thetic and  spinal  systems,  the  sacral  region  of  the  spinal  cord  exercising 
t luegmost  important,  influence. 

The  closing  and  opening^.QL-tlie_v-os4€al  -sphincter. depends  upon  the 
spinal  system.  Experiments  have  indicated  that  the  center  of  reflex  ar- 
tion  associated  with  the  vesical  sphincter  is  found  in  the  him  bar  region 
of  the  spiaaTEfiEtL-  By  dividing  the  spinal  cord  at  the  first  or  seennfTbi  in- 
bar  vertebrae  no  variation  is  found  in  connection  with  the  sphincter,  but  if 
the  division  takes  place  at  the  fifth,  sixth  or  seventh  vertebrae  there  is  a 
lessened  resistance  on  the  part  of  the  vesical  sphincter.  Hence  it  is  con- 
cluded that  the  tonicity  of  the  vesical  sphincter  depends  upon  reflex  stim- 
ulation arising  in  connection  with  the  'vesical'  center  about  the  middle 
region. of  the  lumbar  part’ of  the  spinal  cord.  Urine  retention  and  ej-aTT- 
at_i.QH-iBa-v-take..pla.ce -without  voluntary  action.  Goltz  found  that  by  divid- 
ing the  spinal  cord  between  the  thoracic  and  lumbar  regions  although  there 
wasalossof  sensation  and  voluntary  action  there  was  still  the  capacity  torc- 
lain  and  evacuate  the  urine.  In  the  human  subject  when  an  inllammatorv 
condition  excites  the  bladder  sensitiveness  there  is  an  increase  in. the  in- 
tensity of  the  reflex  stimulation  to  micturition,  resulting  in  the  dischar^v 
of  the  urine  just  as  soon  as  a small  iguantitv  is  accumuleltfid  in  the  bladder. 
If  the  spinal  cord  is  injured  in  the  dorsal  "region  all  sensation  and  volun- 
tary control  of  the  bladder  may  be  removed  without  interfering  with  the 
reflex  act  of  micturition  associated  with  the  lumbar  region  of  the  cord,  if 
the  lower  part  of  the  spinal  cord  is  injured  or  diseased  there  is  often  a 
paralytic  condition  of  the  bladder  which  prevents  the  normal  reflex  nnctii- 
rjtion  process.  In  this  case  the  urine  will  accumulate  unless  removed!  be- 
ing retaTnecTui  connection  with  the  elasticity  of  the  bladder  and  urethra 
but  after  a Lime  the  resistance  will  be  destroyed  and  the  urine  will  pass 
away  just  as  it  is  excreted  from  the  kidneys. 

Before  leaving  the  spinal  cord  we  must  point  out  the  connection  of  the 
spinal  cord. .to.  the  brain.  The  connections  are  established  by  means  of 
the  prolongation  of  the  longitudinal  columns  through  the  medulla.  rl  his 
does  not  represent  a simple  continuation  because  the  fibres  from  'tFe  dif- 
ferent columns  chang-e  their  position  in  connection  with  the  medulla  and 
decussate.  The  larger  part  of  the  spinal  cord  is  found  to  consist  of 
columns  of  longitudinarfibres,'  each  of  the  columns  having  a special  form 
aud-pbsitiojQ-  In  the  upper  cervical  region  there  is  found  to  be  a dif- 
ference, the  fibres  of  the  internal  and  posterior  portions  of  the  lateral 
column  slanting  inward  as  well  as  forward  in  connection  with  the  anterior 
horn  and  posterior  to  the  anterior  column. 

Above  the  second  cervical  the  fibre  bundles  coming-  from  the  lateral 
column  are  found  to  pass  upward  and  forward  in  a slanting  direction 
crossing-  the  median  line  to  the  opposite  margin  of  the  anterior  median 
fissure.  We  thus  find  in  the  lower  part  of  the  medulla  at  the  base  of  the 
anterior  median  fissure  alternating  fibres  bundle  crossing  from  right  to 
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left  and  from  left  to  right  representing-  the  decussation  of  the  anterior 
pyramids.  When  the  decussation  is  complete  we  find  two  long-itudinal 
fibre  bundles  close  to  the  anterior  median  fissure  making-  their  way  for- 
ward toward  the  tuberannulare  The  anterior  pyramids  do  not  continue 
the  anterior  columns  of  the  spinal  cord,  the  fibres  springing-  from  the 
lateral  column  on  the  opposite  side  forming  in  the  lower  part  of  the  me- 
dulla a decussation.  As  these  fibres  pass  from  the  lateral  columns  to  the 
anterior  pyramids  close  to  the  median  fissure  we  find  the  change  in  the 
spinal  cord  as  it  passes  from  the  cervical  region  to  the  medulla.  In  con- 
nection with  the  cervical  enlargement  we  find  that  the  spinal  cord  is  very 
broad,  this  breaylth  being  due  to  the  fibres  in  connection  with  the  branch- 
ial plexus  which  have  united  with  the  lateral  columns,  after  passing- 
through  the  gray  matter  of  the  anterior  horn.  At  the  upper  part  of  the 
cord  there  is  a diminution  of  the  transverse  diameter  and  an  increase  of 
the  antero-posterior  diameter  on  account  of  the  fact  that  some  fibres  pass 
from  the  lateral  column  to  the  anterior  portion  of  the  opposite  side.  In 
addition  to  fibres  from  the  lateral  columns  some  fibres  come  from  the  pos- 
terior columns  and  the  posterior  horn  to  the  pyramids.  This  alteration 
is  found  above  the  previous  crossing-  and  forms  the  upper  decussation  in 
connection  with  the  pyramids;  these  fibres  when  they  leave  the  posterior 
column  and  the  posterior  horns  pass  forward  and  internal,  crossing  over 
the  median  line  in  a slanting  position  and  entering  into  the  anterior 
pyramids.  The  continuation  of  these  anterior  pyramids  is  found  in  con- 
nection with  the  tuber  annulare  into  the  crura  of  which  they  form  a part. 
This  portion  of  the  crus  is  found  at  the  base  of  the  brain  the  fibres  pass- 
ing forward  and  upward  to  the  corpus  striatum.  The  upper  part  of  the 
crura  consists  of  fibres  which  come  from  the  anterior  columns  and  the 
anterior  portion  of  the  lateral  columns.  The  anterior  columns  are  found 
in  addition  to  the  median  fissure  up  to  the  point  where  the  slanting  fibre 
bundles  decussate  in  connection  with  the  anterior  pyramids.  In  connec- 
tion with  the  medulla  they  pass  outward  pass  through  the  tuber  annulare 
and  are  found  in  connection  with  the  uppermost  part  of  the  crura  from 
which  they  pass  to  the  optic  thalami.  The  other  fibres  in  connection 
with  the  lateral  column  pass  through  the  medulla  and  tuber  annulare  as 
well  as  the  crura  entering  into  the  optic  thalami. 

1 he  inferior  crura  cerebelli  represent  the  prolongation  of  the  princi- 
pal part  of  the  posterior  columns  of  the  spinal  cord.  At  the  point  where 
these  columns  separate  from  each  other  in  connection  with  the  formation 
of  the  fourth  ventricle  they  seem  to  pass  directly  on  either  side  out  of  the 
cord  into  the  cerebellum.  There  is  a difference  of  opinion  as  to  which 
part  of  the  cerebellar  crura  is  derived  from  the  posterior  column  of  the 
spinal  cord.  According  to  Meynert  the  majority  of  the  fibres  decussate 
within  the  medulla  so  that  the  right  crus  is  formed  from  the  fibres  com- 
ing from  the  left  posterior  column  and  the  left  crus  from  the  fibres  to 
the  right  posterior  column.  According  to  this  the  connections  establish- 
ed between  the  spinal  cord  and  the  brain  represent,  (a)  the  majorty  of  the 
fibres  of  the  lateral  columns  and  part  of  the  posterior  columns  when  de- 
cussation has  taken  place  becoming  the  anterior  pyramids  extended  sup- 
erficially into  the  crura  cerebri  and  the  corpora  striata.  (3)  The  rest  of 
the  fibres  in  connection  with  the  lateral  columns  along  with  the  anterior 
columns  enter  through  the  uppermost  part  of  the  crura  cerebri  into  the 
optic  thalami.  rl  he  majority  of  the  fibres  of  the  posterior  column  when 
< ccussation  takes  place  in  connection  with  the  medulla,  are  found  in  con- 
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ncction  with  the  restiform  bodies  in  connection  with  the  cerebellum 

1 bus  we  have  established  a close  relation  between  the  spinal  cord  and  the 
brain. 

. 4 chief  function  that  is  .established  by  the  communication  of  the 
brain  and  spinal  cord  is  what  may  be  called  a cross  function.  Sensorv 
lnipi  essions  made  on  the  skin  of  one  side  of  the  body  pass  |hron<rh  the 
spmal  cord  and  reach  the  opposite  side  of  the  brain;  the  motor  imp 
that,  origination  one  side  of  the  brain  pass  through  the  spinal  cord  and 
are  associated  with  the  opposite  side  of  the  body.  This  is  evident  from 
the  fact  that  injui  ies  01  disease  involving-  the  rig"ht  side  of  the  brain  pro- 
duce paralytic  effects  on  the  left  side  of  body  involving-  both  sensation  and 
motion.  The  transmission  of  voluntary  impulses  along  the  spinal  cord 
takes  place  on  the  same  side;  for  example,  by  making  a transverse  section 
of  one  lateral  half  of  the  cord  there  results  the  paralysis  of  voluntary 
motion  in  connection  with  all  parts  below  the  point  of  section  on  the  same 
side  of  the  body.  The  conclusion  is  that  each  half  of  the  body  gets  the 
impulses  of  voluntary  motion  in  connection  with  the  pyramidaf tract  in 
the  one  half  of  the  spinal  cord.  Where  the  pyramids  decussate  in  the 
medulla  there  is  a crossing  of  the  fibres  and  therefore  of  the  impulses  so 
that  an  injury  involving  the  motor  tract  produces  varying  results,  these 
variations  depending  on  the  location  of  the  injury.  If* the  lesion  is  in  the 

spinal  cord  paralysis  takes  place  on  the  same  side  of  the  body,  whereas  if 
above  the  pyramidal  decussation  paralysis  takes  place  on  *the  opposite 
side;  and  if  the  injury  is  found  in  connection  with  the  pyramidal  decussa- 
tion itself  both  sides  of  the  body  become  paralyzed.  This  represents  the 
three  possible  simple  conditions  of  unilateral  a*nd  bilateral  body  paralysis. 
In  connection  with  the  degeneration  that  is  found  in  the  pyramidal  tract 
it  is  found  that  in  addition  to  the  fibres  which  decussate  at*the  pyramids 
there  are  some  fibres  which  pass  down  along  the  same  side  as  direct 
fibres  to  the  cervical  region.  It  is  not  known  where  these  fibres  termi- 
nate although  it  is  claimed  that  they  end  in  the  anterior  horns  of  the  grav 
matter  giving  off  fibres  to  the  upper  extremities  along  which  motor  im- 
pulses pass  to  the  extremities  on  the  same  side  as  the  side  of  origin  in  the 
brain.  Some  physiologists  claim  that  they  pass  through  the  white  com- 
misure  in  the  cervical  region  and  thus  complete  the  decussation,  all  of  the 
fibres  being  found  on  the  opposite  side  of  the  cord  to  that  of  origin  in  the 
brain.  In  connection  with  these  crossed  and  uncrossed  fibres  of  the 
pyramidal  tract  it  is  claimed  that  variations  exist  in  the  number  of  fibres 
that  cross  and  do  not  cross,  depending  on  individual  conditions. 

In  connection  with  the  sensory  impulses  as  they  pass  from  the  peri- 
phery to  the  brain  through  the  spinal  cord  there  is  a similar  decussation, 
as  injuries  to  the  brain  higher  than  the  medulla  lessen  or  destroy  sensa- 
tion on  the  opposite  side  of  the  body.  The  sensory  fibres  differ  however 
from  the  motor  fibres  in  that  they  cross  the  median  line  at  different  points 
along  the  spinal  cord.  This  is  evident  from  the  fact  that  if  the  spinal 
cord  is  divided  transversely  in  one  lateral  half  there  is  a loss  of  sensation 
in  the  opposite  side  while  the  sensation  continues  on  the  same  side.  Ac- 
cording to  Brown-Sqeuard  this  decussation  of  the  sensory  tract  takes 
takes  place  entirely  in  the  spinal  cord.  it  is  claimed  however  by  others 
that  tins  decussation  of  the  sensory  fibres  is  not  complete  in  the  spinal 
cord.  When  one  lateral  half  of  the  spinal  cord  has  been  divided  trans- 
versely there  is  the  indication  of  the  crossing  of  the  sensorv  tracts,  sen- 
sibility being  entirely  lost  or  greatly  lessened  on  the  opposite  side,  there 


THK  BRAIN 


616 


being-  on  the  same  side  an  increase  of  sensibility  with  the  loss  of  motor 
activity.  The  question  arises  what  produces  this  increased  sensibility? 
It  is  likely  to  be  attributed  to  a local  stimulation  amounting-  almost  to  an 
irritation  in  connection  with  the  gray  matter  of  the  spinal  cord' at  the 
point  of  division,  resulting  in  the  increase  of  sensibility.  The  decussa- 
tion of  the  sensory  tracts  can  be  plainly  discovered  by  longitudinally  divid- 
ing- the  cord  in  connection  with  the  median  line.  If  such  a division  is 
made  in  the  lumbar  region  there  is  an  entire  loss  of  sensibility  in  connec- 
tion with  the  hind  limbs.  In  the  case  of  the  human  subiect  it  is  found 
that  injuries  to  the  spinal  cord  result  in  the  loss  of  movement  on  the  same 
side  and  the  loss  of  sensation  on  the  opposite  side.  It  is  certain. that  the 
sensory  and  motor  fibres  have  both  completed  their  decussation  in  the 
medulla,  the  spinal  cord  beneath  this  being  the  conductor  for  the  motor 
im pulses  and  also  the  conductor  as  well  as  the  seat  of  decussation  in  con- 
nection with  the  sensory  impulses.  In  connection  with  paraplegia  there 
is  an  affection  of  the  spinal  cord  substance  at  a particular  point  resulting- 
in  the  loss  of  sensation  and  movement  beneath  the  point  of  injury  on  both 
sides  of  the  body.  If  the  injury  is  localized  in  the  lumbar  region  the  ex- 
tremities and  the  entire  pelvic  portion  of  the  body  become  paralyzed  while 
the' upper  part  of  the  body  is  not  affected.  If  the  lesion  is  found  in  the 
dorsal  region  the  abdomen  and  thorax  are  included  in  the  paralytic  con- 
dition; while  if  the  lesion  is  found  in  the  upper  half  of  the  cervical  region 
there  is  paralysis  of  the  entire  upper  and  lower  extremities  with  the. thor- 
acic, abdominal  and  pelvic  region  of  the  body,  In  this  latter  case  the  par- 
alysis is  certain  to  prove  fatal  because  the  injury  will  involve  the  nerves 
that  are  essential  for  respiration.  In  hemiplegia  we  find  the  loss  of  sen- 
sation and  motion  in  one  half  of  the  upper  and  lower  extremities  of  the 
body  involving  the  skin  and  the  muscles  of  the  entire  lateral  half  of  the 
body.  In  this  case  the  injury  is  associated  with  the  opposite  side  of  the 
brain  above  the  pyramidal  decussation  most  commonly  in  the  cerebral 
hemisphere  of  in  the  ganglia.  In  this  case  the  loss  "of  sensation  and 
of  motion  are  found  in  the  same  side  of  the  body.  If  on  the  other  hand 
the  lesion  exists  in  the  spinal  cord  there  is  a loss  of  sensibility  on  the  op- 
posite side  or  the  body  and  a loss  of  motivity  on  the  same  side.  These 
paralytic  conditions  indicate  the  special  function  of  the  spinal  cord  in  con- 
nection with  sensory  decussation  and  motor  conductivity  and  impulses. 

SECTION  VI.  The  Brain. 

It  is  not  our  purpose  to  enter  the  discussion  of  the  anatomy  of  the 
brain  as  this  does  not  belong  properly  to  physiology.  In  the  brain  we 
find  two  cerebral  hemispheres  associated  with  what  are  called  the  cer- 
bral  ganglia,  including  the  corpora  striata,  corpora  quadrigemina,  the 
corpora  geniculata  and  the  optic  thalami,  as  well  as  the  cerebellum  and 
the  medulla  or  the  spinal  bulb.  Physiologically  the  medulla  is  rather 
spinal  than  cranial  and  the  cerebellum  although  its  function  is  supposed 
to  be  cerebral  really  represents  the  intermediate  portion  between  the 
gi  eat  spinal  tract  and  the  cerebral  region.  In  connection  with  the  cere- 
bral ganglia  their  importance  does  not  rest  upon  their  possession  of  or 
pcrforming  any  functions  that  can  be  specifically  stated;  but  rather  rep- 
resent what  is  called  the  cranial  isthmus  representing  the  pathway  of  co- 
'‘rdinatlon  between  the  cerebral  hemispheres  and  the  lower  part  of  the 
nervous  mechanism.  From  this  standpoint  the  physiology  of  the  brain 
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is  largely  limited  to  the  cerebral  hemispheres  and  to  those  parts  which 
are  called  tracts  that  unite  the  hemispheres  and  form  channels  of  connec- 
tion between  the  different  parts  of  the  nervous  mechanism.  The  brain 
represents  a large  mass  of  white  substance  in  which  is  embedded  grav 
matter  and  over  which  there  is  enveloped  a gray  substance  layer  covering 
over  the  enfoldings,  fissures  and  convoluted  parts  of  the  surface.  This 
superficial  gray  substance  represents  the  brain  cortex  which  is  supposed 
t<Tbe^isociatedI^i£h^ensation  and  volunfaTy^otionTsTveTr^thp  p^yrhw- 
functions.  In  connection  with  the  white  matter  we  find  the  sensory  jm.- 
pulses  as  well  as  the  motor  impulses  led  in  and  out,  so  that  it  represents  a 
conducting  medium  of  massed  fibres  which  appear  In  ^ the  front  of  a fan 
between  tne  basal  gangliaand  the  cortical  substance,  this  conducting  mass 
being  extended  into  the  lower  part  of  the  neural  mechanism  as  the"white 
columns  of  the  medulla  and  the  spinal  cord.  This  white  milstam-p  i«^ 
spoken  of  as  the  corona  radiata.  In  the  basal  portion  of  the,  brain  we 
find~this  white  matter  forming  itself  Into  fHelfiternaTcapsule  between  the 
optic  thalamus  and  the  corpus  striatum,  representing  the  chief  pathway 
in,  connection  with  sensory  and  motor  impulses.  Continuing  this  path- 
way we  find  the  two  cerebral  peduncles  passing  through  the  pons  V arolii 
continued  out  in  connection  with  the  white  column  of  the  medulla  and 
the  spinal  cord.  This  principal  pathway  in  connection  with  the  white  ma  - 
ter  receives  and  gives  out  fibres  in  connection  with  the  ganglia  throu  -h 
which  and  in  the  midst  of  which  it  passes  at  the  basal  portion  of  the  braui. 
In  what  way  the  connections  of  these  distant  parts  of  the  basal  ganglia 
are  united  with  these  main  tracts  it  is  not  nown,  especially  as  these  tracts 
represent  mainly  the  pathway  of  sensory  and  motor  impulses  between 
the  gray  matter  in  the  brain  and  the  gray  matter,  of  the  spinal  cord. 
This  has  been  demonstrated  in  connection  with  the  degeneration  of  the 
efferent  tra.ct_originatmg~  in  The  cortex,  passing  through  the  corona 
• radiata,  the  internal  capsule,  the  crura,  the  pons  Varolii,  the  antcrior_ 
pyramids  of  the  medulla  to  the  lateral  column  on  the  opposite  side  and 
the  anterior  column  on  the  same  side  of  the  spinal  cord. 

In  regard  to  the  definite  localization  of  the  sensory  and  motor  tracts 
pathology  indicates  that  the  posterior  part  of  the  internal  capsule  and  the 
anterior  part  ol-the'crus  represent  the  chief  paths  of  motor  and  sensory 
impulses.  It  is  found  that  the  lesion  of  the  anterior  part  of  the  posterior 
portion  of  the  internal  capsule  is  found  in  hemiplegia;  a lesion  in  connec- 
tion with  the  posterior  part  in  semi-aneesthesic  condition.  It  is  found  by 
tracing  the  progress  of  degeneration  in  connection  with  the  frontal  and 
occipital  cortical  regions  that  they  represent  the  anterior  and  posterior 
parts  in  connection  with  the  pyramidal  portions  in  connection  with  the 
capsule  and  crus.  We  find  thus  what  is  called  a vertical  fibre  system 
and  a horizontal  fibre  system,  the  latter  being  represented  by  the  corona 
radiata  between  the  two  hemispheres  in  connection  with  the  corpus  cal- 
losum. The  different  convolutions  found  in  the  cerebral  cortex  arc 
united  together  more  or  less  completely  by  association  fibres  which  have 
not  as  yet  ben  traced  with  any  degree  of  accuracy.  The  vertical  and  hor- 
izontal fibre  systems  arc  represented  by  the  internal  capsule  and  the  cor- 
pus callosum,  both  of  these  being-  closely  associated  together  in  connec- 
tion with  the  corona  radiata.  From  what  has  been  said  it  will  be  evident 
that  the  cerebral  hemispheres  stand  at  the  head  of  the  entire  neural 
mechanism  and  are  in  a sense  independent  not  only  of  the  rest  of  the 
mechanism  but  especially  of  the  rest  of  the  brain.  Tnis  is  evident  from 
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the  fact  that  in  some  animals  the  cerebral  hemispheres  may  be  reproved 
while  the  animal  may  live  for  a considerable  time.  Interesting-  experi- 
ments have  been  made  by  the  removal  of  the  cerebral  hemispheres  in  the 
case  of  the  frog-.  Along-  with  the  hemispheres  there  are  removed  the 
corpora  striata  leaving-  the  frog-  with  the  medulla,  the  cerebellum,  the 
optic  thalami  and  the  optic  lobes.  In  this  condition  the  frog-  has  been 
preserved  in  life  a long  time.  In  connection  with  the  frog  deprived  of  the 
cerebrum  there  is  the  absence  of  intelligence  and  volition.  If  the  inter- 
mediate parts  of  the  brain  and  the  medulla  are  intact  there  is  no  inter- 
ference with  vasculation,  respiration  and  alimentation  and  the  animal  is 
capable  of  moving  although  its  movements  require  stimulation.  It  is 
claimed  that  such  an  animal  will  not  move  unless  subjected  to  stimulation. 
In  connection  with  the  frog  however  as  soon  as  the  results  of  the  injury 
nave  been  recovered  from  there  is  a tendency  to  spontaneous,  movement 
indicating  the  adaptive  power  of  the  remaining  portion  of  the  nervous 
system.  Under  such  conditions  the  frog  does  not  give  any  evidence  of 
the  possession  of  volition  although  there  is  a difference  between  the  frog 
simply  with  spinal  cord  and  the  frog  which  possesses  in  addition  to  the 
spinal  cord  the  intermediate  portions  of  the  brain.  In  the  latter  case 
there  is  a capacity  for  movement  when  stimulation  is  applied  so  that  a fi'og 
can  freely  swim  and  move  about.  If  the  stimulation  is  absent  the  frog 
will  assume  its  normal  position  and  if  placed  upon  its  back  it  will  resume 
this  normal  position.  The  only  difference  seemingly  is  'that  the  move- 
ments require  external  stimulation  in  order  to  call  them  forth.  Another 
difference  seems  to  be  that  they  depend  entirely  on  the  stimulation,  orig- 
inating- when  the  stimulus  is  applied  and  ceasing  when  the  stimulation  is 
withdrawn.  If  there  is  no  interference  with  the  optic  nerves  the  move- 
ments seem  to  be  regulated  by  the  sense  of  vision.  There  is  very  little 
difference  between  this  frog  condition  and  the  normal  frog  except  in  the 
tact  that  in  the  normal  frog  the  actions  and  movements  are  volitional, 
whereas  these  are  purely  mechanical. 

In  the  case  of  the  warm  blooded  animals  the  removal  of  the  cerebral 
hemispheres  is  a more  difficult  process.  In  the  case  of  a pigeon  the 
cerebral  hemispheres  have  been  removed  and  the  animal  preserved  in  life 
several  weeks.  As  soon  as  the  effects  of  the  injury  have  passed  away 
Inc  pigeon  resumes  an  almost  normal  condition  as  it  is  able  to  maintain 
its  equilibrium  although  it  will  continue  without  motion  and  in  a condition 
° stupor  unless  stimulated.  Subjected  to  stimulation  it  may  execute  al- 
most normal  movements  while  in  some  cases,  this  condition  of  stupor 
passes  away  and  it  becomes  capable  of  movements  independent  of  stimula- 
u°n.  his  condition  of  stupor  is  not  due  to  the  absence  of  the  cerebrum 
out  rather  to  the  result  of  injury  in  connection  with  its  removal.  In  the 
ca>,e  ol  the  higher  animals  it  is  very  difficult  to  remove  the  cerebral  hemi- 
spheres, although  in  the  case  of  the  rabbit  the  hemispheres  have  been  re- 
moved, except  the  parts  contiguous  to  the  optic  thalami;  in  such  a condi- 
tion the  rabbit  is  quite  motionless  and  does  not  exhibit  any  readiness  to 
move  unless  when  stimulated.  It  is  claimed  that  in  some  cases  the  move- 
ments may  be  stimulated  by  light  or  by  sound.  In  tne  case  of  the  mam- 
ais  there  is  undoubtedly  a capacity  of  equilibrium  and  the  capacity  to  ex- 
ecute movements  in  connection  with  the  special  senses  when  the  cerebral 
icmispheres  are  absent.  There  is,  however  the  entire  absence  of  intel- 
ligence and  of  volition.  In  the  absence  of  intelligence  and  volition  there 
',lc  indication  that  these  are  associated  with  the  cerebral  hemis- 
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phere^. 

In  the  medulla  we  find  a more  complex  arrangement  depending  on 
the  nerve  fibres  that  pass  through  the  grry  matter  and  also  the  nuclei  re- 
presenting-the  new  gray  matter.  It  is  the  extension  into  the  brain  of 
the  spinal  cord  connecting-  the  brain  proper  and  the  cord  so  that  the  spinal 
medulla  and  the  medulla  itself  from  one  org-an.  The  spinal  column  is, 
connected  with  the  cerebellum  and  the  cerebrum  by  means  of  the  me- 
dulla. The  gray  matter  of  the  medulla  instead  of  representing-  the  ap- 
pearance of  the  cord  is  varied  by  the  nuclei  of  the  white  matter,  these 
nuclei  being-  connected  with  the  cranial  nerve  roots.  The  white  sub- 
stance of  the  cord  changes  its  form  and  position  when  it  passes  into  the 
medulla.  There  is  a connection  of  each  spinal  cord  column  through  the 
medulla  with  the  cerebrum  and  cerebellum.  In  the  evolution  of  the  nei  - 
uous  mechanism  it  is  found  that  the  spinal  cord  about  the  fifth  month  of 
the  embryonic  life  represents  the  pyramidal  fibres  in  connection  with  tho 
lateral  columns  the  Goll  and  Turck  columns  as  non-meduliated  while  the 
fibres  connected  with  the  anterior  and  posterior  and  the  rprphpllar 
i nTbn'nec tion  with  the  lateral  columns  are  medullate.d.  It  is  claimed  from 
this  that  the  lateral  columns  represent  the  primative  part  of  the  cord 
while  the  other  columns  represent  additions  in  the  higher  rlpyplnpmpnt  r»f 
the  spinal  cord  in  the  higher  animals.  The  nuclei  that  are  associated 
with  the  cranial  nerve  roots  and  which  correspond  with  the  anterior  and 
posterior  horns  and  the  gray  matter  between  these  are  as  follows:  ( 1 , A 
nucleus  for  the  hypyglossal,  the  motor  tongue  fibre;  (2)  a nucleus  for  Lh 
auditory  nerve;  (3)  a general  nucleus  for  the  spinal  accessory,  pneumo- 
gastric  and  glosso-pharyngeal  nerves;  (4)  a nucleus  for  the  fourth  nerve 
to  the  superior  oblique  muscle  of  the  eye;  (5)  a nucleus  for  the  sixth  nerve 
to  the  external  rectus  muscle  of  the  eye;  (6)  a nucleus  for  the  facial  nerve: 
(7)  the  corpus  dentatum  in  which  is  found  nerve  cells  although  not  direct- 
ly connected  with  the  nerve  roots.  In  connection  with  the  fifth  nerve  we 
find  sensory  and  motor  roots  in  connection  with  the  medulla.  In  the 
third,  fourth,  sixth  and  hypoglossal  nerves  we  find  motor  nerves  in  con- 
nection with  the  anterior  horns;  in  the  spinal  accessory,  pneumogastric. 
fifth  f.nd  glosso-pharyngeal  we  find  the  mixed  nerves  in  connection  with 
the  posterior  horns  and  the  intermediate  gray  substance. 

The  functions  of  the  medulla  may  be  summarized.  (1)  in  connection 
with  in otor  lmouIsesT  If  the  medulla  is  destroyed  death  w.h 

result  because  of  the  close  relation  of  the  medulla  to  the  circulation,  res- 
piration and  vaso-motor  activity.  The  motor  nerves  from  the  brain  decus- 
sate in  the  anterior  pyramidal  tracts  passing  down  the  lateral  column  of 
the  cord  through  the  anterior  roots  of  the  spinal  nerves  to  the  muscles. 
If  the  anterior  pyramid  is  divided  above  the  decussating  fibres  paralysis 
results  in  connection  with  motivity  on  the  opposite  side.  Sensory  fibre 
also  decussate  in  the  gray  matter  at  the  base  of  the  posterior  median  fis- 
sure in  connection  with  the  spinal  cord.  Hence  a blood  clot  in  the  left 
optic  thalamus  produces  paralysis  on  the  opposite  side,  both  of  sensation 
and  of  motion,  that  is,  in  this  case  we  would  have  rig-lit  side  hemiplegia. 
(2)  The  medulla  is  the  seat  of  reflex  acti.op.  Various  special  centers  are 
localized  in  the  medulla^  the  respiratory  center  in  connection  with  the 
pneumogastric  nerves,  consisting  of  an  inspiratory  and  an  expiratory 
part,  the  obliteration  of  which  destroys  respiratory  action;  the  vaso-motor 
center  which  regulates  the  calibre  of  the  small  blood  vessels  in  the  body; 
the  cardiac  centers,  an  accelerator  in  connection  with  the  sympathetic  and 
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an  inhibitory  in  connection  with  the  pneumogastric,  the  deglutition  center 
in  connection  with  the  sensory  and  motor  nerves  in  connection  with  swal- 
lowing, the  vocal  center  in  connection  with  the  sterno-cleido-mastoid  mus- 
cle which  is  the  regulator  of  the  glottis  action  in  connection  with  the  ex- 
piratory process  associated  with  vocalization  the  glycogenic  center  in  con- 
nection with  vaso-motor  action  upon  the  liver;  the  salivation  center  control- 
ing  the  facial  nerves  including  the  chorda  tympani  and  the  superficial  pet- 
trosal  in  connection  with  the  glands  of  insalivation.  The  center  which 
controls  the  facial  muscles  through  the  seventh  nerve  and  mastication 
through  the  motor  fibres  of  the  fifth  nerve;  the  sweat  center  in  connec- 
tion with  and  regulating  the  subsidiary  sweat  centers  that  are  found  in 
i he  spinal  cord.  In  addition  to  these  certain  impulses  pass  to  the  me- 
dulla from  the  higher  centers  which  may  produce  a modification  of  action 
of  these  medullary  centers. 

In  the  cerebrum  and  cerebellum  we  find  an  entirely  different  arrange- 
ment of  the  gray  and  white  matter,  although  the  structure  is  eventually 
the  same.  The  gray  matter  found  in  the  cortex  cerebrum  is  an  enlarge- 
ment that  covers  the  entire  upper  surface  the  corpora  striata  quadri- 
gemina  and  the  optic  thalamus  forming  nuclei  in  the  internal  portions  of 
the  cerebral  ganglia;  in  the  central  gray  matter  of  the  cord  and  the  anter- 
ior of  the  ventricles  of  the  brain  out  of  which  the  cerebral  nerves  primari- 
ly arise;  and  in  the  cortex  of  the  cerebellum.  These  masses  of  gray 
matter  are  united  together  by  white  fibrous  tissue.  The  pons  Varolii 
is  above  and  anterior  to  the  medulla  between  the  cerebellar  hemispheres. 
In  it  we  find  fibres  longitudinally  establishing  connections  between  the 
brain  and  the  medulla  and  spinal  cord;  transversely  establishing  connec- 
tion with  the  lateral  cerebellar  hemispheres  constituting  the  intermediate 
crura  of  the  cerebellum.  We  find  a number  of  fibre  bundles;  (1)  an 
anterior  fasciculus  continuing  from  the  motor  cortical  regions  of  the  brain 
through  the  crural  fibres  and  also  continuous  with  the  superficial  part  of 
the  anterior  pyramids  of  the  medulla  and  with  the  crossed  pyramidal 
tract  to  the  opposite  side  of  the  spinal  cord;  (2)  two  middle  fasciculi,  the 
oue  continuous  with  the  frontal  cerebral  lobes  through  the  crural  fasci- 
culi and  the  other  having  fibres  from  the  external  portion  of  the  crus  des- 
cending to  the  lateral  column  of  the  spinal  cord  on  the  same  side;  (3)  there 
is  a posterior  fasciculus  continuing  into  the  columns  of  Turck  into  the 
spinal  cord  of  the  same  side;  (4)  there  are  commissural  fibres  crossing 
from  one  side  of  the  cerebellum  to  the  other;  (5)  a posterior  fasciculus 
containing  sensory  fibres  to  the  cerebrum  from  the  medulla.  Associated 
with  these  fibres  we  find  nuclei  of  gray  substance  in  connection  with  the 
cranial  nerve  roots,  these  nuclei  representing  the  terminals  of  the  facial 
nerve,  the  motor  and  sensory  nuclei  of  the  fifth  nerve,  three  nuclei  in  con- 
nection with  the  auditory  nerve  and  nucleus  of  the  sixth  nerve.  Here 
we  have  established  a nuclear  connection  with  some  of  the  nerve  fibres 
that  have  nuclei  in  the  medulla.  In  function  the  pons  Varolii  is  a reflex 
center  and  also  the  medium  for  the  conveyance  of  impressions.  The 
motor  channel  is  in  the  anterior  portion.  Motor  fibres  connected  with 
tin'  facial  muscles  decussate  in  the  pons  bearing  impressions  outward, 
li  the  lower  portion  of  the  pons  is  injured  on  the  one  side  there  is  paralv- 
sis  of  the  face  on  the  same  side  and  of  the  limbs  on  the  opposite  side. 
Rarely  is  there  found  a loss  of  sensibility  and  in  these  cases  it  is  always 
on  the  opposite  side.  The  sensations  that  are  associated  with  touch,  heat 
and  pain  arc  said  to  pass  through  the  middle  region  of  the  pons.  There 
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are  numerous  reflex  centers  associated  with  the  pons  representing-  com- 
plicated motor  action.  It  is  claimed  by  some  that  in  the  pons  we  have  the 
spasm  center  on  account  of  the  fact' that  when  it  is  subjected  to  severe 
stimulations  the  result  is  that  extreme  spasmodic  cramp  conditions  fol- 
low. 

The  crura  cerebri  consist  mainly  of  motor  and  sensory  fibres  be- 
tween the  cerebellum  and  the  cerebrum  and  also  between  the  basal  ^-ai> 
gdia,  the  pons  and  the  medulla.  In  connection  with  these  crura  each  crus 
consists  of  three  portions,  an  anterior  and  inferior  part,  above  this  a grav 
lamina  of  pigmented  substance  and  behind  these  another  layer  of  fibres 
forming-  the  tegmentum.  In  connection  with  the  first  part  we  find  an  in- 
ternal portion  continuous  with  the  anterior  part  of  the  internal  capsule, 
the  geniculate  fasciculus  and  the  pyi’amidal  fasciculus  together  with  an 
external  part  coming  from  the  posterior  portion  of  the  internal  capsule 
with  fibres  in  connection  with  the  corpora  geniculata  and  the  caudate  and 
lenticular  nuclei.  In  connection  with  the  tegmentum  we  find,  (1 ) an  in- 
ternal part  in  connection  with  which  we  find  two  nuclei  of  gray  matter, 
and  (2)  an  internal  part  consisting  of  fibres  in  connection  with  the  optic 
thalamus  and  the  medulla.  The  only  thing  that  is  definitely  known  as  t<» 
the  crural  functions  is  that  they  represent  a medium  for  impulses.  Irri- 
tation of  the  crura  produces  painful  sensations  and  the  destruction  of  one 
of  the  crura  produces  circular  movements  on  the  part  of  the  body,  indi 
eating  that  the  crura  are  connected  in  some  way  with  the  maintenance  <.  i 
the  steady  vertical  position  of  the  body  and  the  equilibrium  of  the  U d 
particulai'ly  in  locomotion. 

In  connection  with  the  cerebral  ganglia  we  find  intermediate  parts  of 
the  brain  including  the  corpora  quadrigemina,  the  optic  thalami  and  the 
corpora  striata,  all  of  these  ganglia  acting  with  the  cerebral  hemispheres. 
The  corpora  quadrigemina  represent  two  pairs  of  rounded  bodies  be- 
hind the  optic  thalami  above  the  Sylvian  aqueduct  and  closely  connected 
with  the  crura,  the  pons,  the  medulla  and  the  spinal  cord.  In  these 
bodies  we  find  gray  matter  overlaid  with  a layer  of  white  matter.  In 
size  they  represent  a very  small  proportion  of  the  gray  mass  in  the  higher 
animals.  The  posterior  bodies  are  united  to  the  cerebellum  by  the 
superior  crura  cerebelli  and  also  the  crura  cerebri  by  the  protuberances 
on  the  sides  of  the  crura  called  the  corpora  geniculata.  The  anterior 
and  posterior  bodies  are  related  to  the  optic  tracts  and  also  the  optic 
thalami.  From  this  it  is  evident  that  the  corpora  quadrigemina  are  con- 
nected in  some  way  with  the  sense  of  vision.  If  they  are  destroyed  blind- 
ness results.  If  the  whole  of  the  brain  except  these  bodies  is  removed  in 
the  case  of  an  animal  like  the  pigeon  there  is  still  the  normal  contraction 
of  the  iris.  If  one  of  these  bodies  is  then  removed  mobility  is  destroyed 
in  the  iris  and  accommodation  capacity  is  .also  destroyed.  Hence  these 
oodles  are  said  to  contain  the  center  through  which  impressions  travel- 
ing along . _ L'n e optic  ner  ve~~lrre-- co n-ygverlT''  We  tmd  fibres'  in  the  third 
cranial  nerve  that  control  the  contraction  of  the  pupil  of  the  eye  and  also 
the  cilium  which  regulates  the  variations  of  sight  distance.  '1  his  third 
nerve  arises  in  the  gray  matter  on  the  floor  of  the  Sylvian  aqueduct  con- 
tiguous to  the  corpora  quadrigemina.  Hence  it  is  said  that  there  is 
here  a center  of  reilex  action  in  connection  with  the  iris  and  the  cilium. 
When  the  retina  receives  a light  impression  the  optic  nerve  is  stimulated 
and  an  impression  is  said  to  pass  along"  the  optic  tract  to  these  bodies. 
When  an  impression  reaches  this  center  it  causes  activity  of  the  center 
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and  the  impressions  may  be  sent  out  in  one  cf  two  directions;  upward  to 
certain  nerve  cells  in  the  gray  matter  of  the  hemispheres  and  as  a result 
from  the  stimulation  of  these  visual  sensation  may  be  produced;  or  the 
center  in  the  corpora  quadrigemina  may  act  merely  as  a reflex  center, 
transmitting-  impressions  received  from  the  optic  tracts  to  the  various 
muscles  and  so  leading- to  certain  movements.  This  latter  condition  is 
said  to  exist  in  a state  of  somnambulism  in  which  there  is  evidently  a 
sig-ht  of  the  position  followed  by  the  body  althoug-h  it  does  not  exist  in 
consciousness,  What  we  know  definitely  is,  that  these  bodies  have  some- 
thing to  do  with  the  iris  and  cilium  motivity,  althoug-h  this  is  supposed 
not  to  represent  a primary  function  on  account  of  the  fact  that  they  are 
found  to  be  'excessively  developed  in  the  brain  of  the  lower  form  of  animal 
life.  These  bodies  are  considered  to  be  concerned  chiefly  in  the  consci- 
ousness of  color  and  of  lig-ht. 

In  the  optic  thalami.  we  find  bodies  that  represent  g-angdionic  groups 
behind  the  corpora  striata  and  ptkihla4or  to  the  corpora  quadrig-emina. 
The  internal  surfaces  are  seen  in  connection  with  the  third  ventricle,  the 
external  being  connected  with  other  portions  of  the  brain.  Fibres  from 
the  crus  cerebri  are  found  in  the  under  surface,  the  upper  surface  being- 
overlaid  with  fibres  that  pass  between  the  thalamus  and  the  corpora  stri- 
ata, constituting  the  internal  capsule.  The  fibres  which  come  from  the 
thalamus  to  the  capsule  pass  to  the  surface  of  the  cerebral  hemispheres. 
In  the  substance  of  the  thalamus  we  find  cells  whose  relations  are  yet 
unknown.  The  functions  of  the  thalami  are  very  obscure,  although 
they  are  generally  regarcled  as  centers  of  impulses  which  when  received 
from  the  periphery  are  sent  forward  to  the  corpora  striata  or  even  high- 
er up  to  the  cerebral  hemispheres.  It  is  supposed  that  these  movements 
of  impulses  represent  unconscious  and  entirely  reflex  actions.  When 
the  sensory  impressions  from  the  optic  thalami  are  transmitted  to  the 
corpora  striata  from  which  these  impulses  pass  through  the  crura  cerebri 
the  cerebral  ganglia  become  centers  of  reflex  action.  If  however  the  irn- 
pulses  pass  to  the  cerebral  centers  then  we  find  the  activity  of  the  higher 
cerebral  centers.  It  is  difficult  to  specialize  the  functions  of  these  bodies 
i. clause  of  their  remote  condition  removed  from  the  field  of  observation 
and  experiment.  It  is  certain  that  jnjur^to  these  bodies  does  not  result 
1.1  paralysis  of  motivity  or  loss  ofe^n^bility.  The  only  loss  that  is  ob- 
servable is  that  of  lack  of  coordination  in  connection  with  limb  ro.ov.e- 
'■h  'its.  A he  most  commonly  accepted  theory  of  the  functions  of  these 
*•  ;bami  is  that  they  represent  centers  of  tactile  sensations  in  rnnnpyinn 
Wl th_^ensory  impression  conveyed  to  them  from  the  surfaces  of  the  body. 
” h*3  means  that  the  corpora  quadrig-emina  and  the  optic  thalami  wnnid 
i * present  the  centers  of  ihe  senses  of  vision  and  of  touch  on  the  basis  of 
space,  bv  means  of  which  sensations  are  localized  in  space.  The  close 
connection  of  these  two  regions  would  also  seem  to  indicate  the  close  re- 
lation of  space  perception  from  the  standpoint  of  vision  and  touch.  In 
apopietic  cases  involving  the  thalami  we  find  interference  with  sensory 
activity  on  the  side  of  injury.  This  has  lead  to  the  conclusion  that  these 
thalami  represent  the  higher  ganglia  through  which  all  sensory  impulses 
pass  and  in  which  they  are  co-ordinated  prior  to  their  passage  into  the 
ceiebral  hemispheres.  r\  hus  they  are  secondary,  intermediate  -centers 
between  the  sensory  and  the  cerebral  r.pntprs. 

Jn  connection  with  iho  fij n d that  they  are  situated 

anterior  to  the  optic  thalami  visible  in  connection  with  the  internal  ventri- 
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clc.  The  larger  part  ofthese  bodies  is  found  imbedded  in  the  white  mat- 
ter of  the  hemispheres  the  portion  that  is  visible  from  the  floor  of  the 
ventricle  being  called  intraventricular.  The  fibres  from  the  thalamus  es- 
tablish a posterior  connection  with  the  corpus  striatum  while  the  inferior 
portion  is  connected  with  the  pyramidal  part  of  the  medulla  through  the 
internal  capsule.  In  thejcgrpus  striatum  we  find  a coordinating  center  in 
connection  with  the  motor  impressions.  The  corpus  may  be  stimulated 
bvmipulses  that  pass  directly  to  ItTrom  the  optic  thalamus"  but  itfnav 
alscTbe  stimulated  by  impulses  reaching  it  from  the  cerebral  hemisphere. 

' These  corpora  are  certainly  engaged  in  the  transmission  of  impulses  re- 
ceived from  the  cerebral  cortex,  some  say  also  from  the  optic  thalamus. 
to  the  muscles.  If  theie  is  a.  blood  clot  in  the  left  corpus  stna,tupi  there 
i§  motor  paralysis  in  connection  'with  the  right  side  of  the  body.  the 
paralysis  affecting  the  muscles  according  to  the  extent  of  the  clot,  'if  the 
i\VP  corpora_are  destrQ_vgd  voluntary  movement  is  destroyed  although 
there  is  still  the  power  of  forward 'movement  in  connection  with  the  ex- 
tremities. If  the  nucleus  of  the  intra-ventricular  portion  is  destroyed  un- 
consciousness results.  A lesion  in  the  corpus  striatum  thus  produces 
paralysis,  that  is  motor  impressions  originating  in  the  voluntary  senses 
on  the  surface  of  the  hemispheres  are  no  longer  able  to  reach  the  muscles 
and  arouse  muscle  activity  as  the  motor  tract  decussates  at  the  anterior 
pyramids.  According  to  Magendie  a lesion  in  connection  with  the  cor- 
pora striata  not  only  destroys  the  capacity  of  regulating-  voluntary  move- 
ments but  produces  a tendency  to  move  forward  without  any  power  to 
regulate  or  to  stop  these  movements.  From  this  it  follows  that  the  paral- 
ysis will  be  found  on  the  side  opposite  to  the  lesion  in  connection  with  the 
corpus.  A voluntary  impulse  passes  from  the  cerebrum  through  the 
crus  and  pons  Varolii  on  the  same  side  to  the  medulla.  ' From  this  the 
fibres  decussate  in  the  interior  pyramidal  region  passing  down  the  op-^ 
posite_side  of  the  cord,  some  of  the  fibres  passing  down  the  same  side  an d 
decussating  further  down  the  cord,  completing  the  d e c u ssation7>T  alt  the 
motor  fibres  before  their  passage  from  their  anterior  roots.  The  sensorv 
impressions  originating  on  the  surface  of  the  body  pass  to  the  cord 
through  the  posterior  roots,  going  up  along  the  same  side  of  the  cord  for 
a distance  that  varies  considerably,  then  entering  the  gray  matter  of  the 
posterior  horn,  passing  from  cell  to  cell  and  then  upwards  along  the 
posterior  columns.  They  Then  enter  the  pons  Varolii  where  the  fibres 
decussate  and  enter  the  brain  on  the  opposite  side  to  that  from  which  they 
originated.  From  this  point  decussation  again  takes  place  in  the  case  of 
some  fibres.  When  they  reach  the  brain-sensory  impressions  are  re- 
ceived on  the  opposite  side  from  that  on  which  they "enter." 

The  cerebellum  has  three  crura,  the  superior,  middle  and  inferior, 
which  pass  into  the  cerebellum  at  its  front  part.  Internally  there  is  a 
nucieus  of  gray  matter,  tne  corpus  dentatum.  Externally  we  find  two 
layers,  an  outer  with  a few  round  cells  and  fibres  and  an  inner  with  nu- 
cleated cells  that  are  very  closely  connected.  The  cerebellum  cannot  be 
stimulated  mechanically  and  its  puncture  does  not  produce  pain  but  may 
result  in  the  flexing  of  the  head  to  one  side.  It  is  claimed  that  the  irrita- 
tion of  the  cerebellum  by  an  induced  current  of  electricity  produces  a 
peculiar  motion  of  the  eyes.  If  the  middle  crus  is  divided  the  animal  will 
rotate  around  the  long  axis  towards  the  divided  side.  By  experimenting 
on  a pigeon,  dividing  the  cerebellum  in  parallel  sections  from  ihe  upper 
surface,  there  is  found  a progressive  loss  of  locomotion.  The  first  stage 
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represents  the  weakness  of  motion;  this  is  followed  when  half  of  the  cere- 
bellum is  removed  by  staggering-;  finally  when  it  is  all  removed  it  is  un- 
able to  support  itself.  None  of  the  senses  seem  to  be  destroyed.  This 
indicates  that  the  cerebellum  has  to  do  with  the  coordinating  power  of 
motion  independent  of  the  sensations;  the  function  of  the  cerebellum 
there  fore  is  the  securing  of  proper  coordination  of  the  movements  that 
are  associatelfwlth  the  hndv. 

By  the  influence  of  the  cerebellum  the  various  muscles  of  the  body 
concerned  in  body  movements  are  enabled  to  act,  each  one  at  the  proper 
time  and  to  the  proper  e>$ent.  For  example,  in_thc  action  of  winking  the 
eye-lid  motion  is  under  the  control  of  two  muscles,  the  one  elevating  and 
other  drawing  down  the  lid!  In  connection  with  the  lifting  of  an  object  in 
the  hand  there  is  a complicated  action  on  the  part  of  a number  of  muscles 
in  the  hand,  the  forearm,  the  arm  and  the  shoulder.  All  of  these  muscles 
require  to  act  in  an  automatic  manner  and  the  various  muscles  and  groups 
of  muscles  require  to  act  at  the  proper  time.  Most  of  these  movements 
are  purely  unconscious  although  they  were  originally  conscious  actions. 
The  body  movements  give  rise  to  certain  sensations,  these  sensations 
regulating  the  action  that  is  necessary  on  the  part  of  the  muscles  in  order 
to  the  maintenance  of  the  body  equilibrium  or  to  the  muscular  movements 
that  are  associated  with  locomotion.  At  first  the  action  on  the  part  of  the 
body  muscles  involves  a conscious  process,  the  peripheral  impulses  pass- 
ing to  the  centers  along  the  nerves  of  sense  originating  in  the  skin,  mus- 
cles and  viscera.  In  connection  with  the  special  senses  of  sight  and  hear- 
ing we  have  impulses  that  have  a great  deal  to  do  with  body  equilibrium 
and  movement.  Certain  impulses  originate  in  connection  with  the  semi- 
circular canals  whidh  are  at  the  basis  of  equilibrium  on  the  part  of  the 
body.  The.attitude  of  the  head  in  reference  to  the  body  determines 
very  largely  the  equilibrium  of  the  body.  The  same  thing  is  true  of  the 
sense  of  vision,  as  the  blindfolding  of  an  animal  produces  an  unsteadiness 
in  the  body  equilibrium,  the  precision  of  movement  on  the  part  of  blind 
persons  being  an  acquired  habit,  regulated  largely  by  sensations  that 
originate  in  connection  with  hearing  and  the  tactile  sense.  Impulses 
originating  peripherally  pass  to  the  centers  and  regulate  coord i nation  of 
movement,  these  peripheral  impulses  originating  in  connection  with  the 
sensitive  nerves  found  in  the  skin,  the  muscles  and  the  viscera;  in  connec- 
tion with  the  auditory  nerve  fibres  and  in  connection  with  the  optic  nerve 
fijrres.  It  is  supposed  that  all  of  these  impressions  are  collected  together 
m the  cerebellum  but  how  the  impressions  are  coordinated  is  not  known. 

1 he  cerebellum  is  connected  with  a great  many  of  the  nerves  that  bear 
those  sensory  impulses.  In  connection  with  the  restiform  bodies  sensory 
fibres  pass  to  it  from  the  spinal  cord;  there  are  nuclei  in  connectisn  with 
the  auditory  nerve  in  the  cerebellum  and  the  corpora  quadrigemina. 
v\  hen  the  cerebellum  is  directly  excited  there  are  found  to  follow  certain 
motion  of  the  eychalls.  In  connection  with  cerebellar  lesions  it  is  found 
that  sometimes  blindness  follows.  Phrenology  claims  that  the  cerb.cllum 
is  the  scat  of  the  sexual  function,  but  thqrc  seems  to  be  no  evidence  in  sup- 
port of  tins  idea  in  the  ease  of  lesions,  in  the  crura  ccrcbelli  there  arc 
found  to  be  characteristic  movements,  out  of  the  ordinary  locomotive 
movements  of  a rotatory  character,  the  irritation  of  part  of  these  crura 
intensifying  these  rotatory  movements..  In  some  cases  where  one  por- 
tion of  the  cerebellar  crus  is  in  jured  or  irritated  it  is  found  that  a motion 
is  produced  towards  the  side  of  irritation  or  injury  and  in  some  cases  lo- 
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while  the  animal  performs  circus 


tc  ior 
fiores 


comotive  action  is  entirely  destroyed 
like  movements. 

In  the  ■cerebral  hemispheres  we  find  the  white  matter  consisting  of 
ascending-  fibres,  longitudinal  fibres  and  transverse  fibres.  The  infe 
portion  of  the  crura  cerebri  consists  of  bundles  of  longitudina. 
springing  from  the  anterior  pyramid  of  the  medulla,  these  fibres  passin 
into  the  internal  capsule,  the  fibres  reaching  the  brain.  The  crusta  as  it 
ascends  to  the  hemispheres  is  flattened  down  the  fibres  themselves 
spreading  out  in  fan-shape.  These  fibres  assume  the  form  of  a conical 
convex  surface,  the  convex  part  being  found  directed  upwards.  Among 
the  fibres  localized  we  find  sensory  fibres  from  the  posterior  .areas  and 
life  GoTT  columns,  from  the  roots  of  the  optic  nerve  and  theolfactorv  lol 
the  fibres  of  the  pyramidal  tracts  pass  through  the  internal  capsfile 
the  corona  radiata  terminating  in  the  parietal  lobe  and  the  middle  lobe  of 
the  cortex.  There  are  also  found  fibres  from  thelixfernal.'ffdi'tion  of  tilt 
optic  thalamus  which  unite  the  internal  capsule  with  the  convolution,  of 
the  parietal  and  frontal  lobes.  There  are  also  fibres  from  the  cxtcr.m 
part  of  the  caudate  nucleus  passing  to  the  corona  radiata  with  fibres  . 
the  superior  part  of  the  lenticular  nucleus  uniting  with  ascending  'fiTre:. 
from  the  internal  capsule.  Other  fibres  are  found  to  arise  from  i.,c 
superior  crus  cerebelli,  from  the  corpus  callosum  and  in  connection  with 
the  internal  and  external  capsule  reaching  the  cortex  through  the  corona 
radiata.  Among  the  longitudinal  fibres  are  found  those  immediatelv 
beneath  the  cortical  surface  uniting  with  contiguous  convolu  Lions;  liw 
fibres  of  the  fornicate  convolution  which  originate  in  the  anterior  per. or- 
ation encircling  the  corpus  callosum  and  terminating  in  the  same  perfora- 
tion, the  off  shoots  entering  the  secondary  convolutions.  Among  the 
transverse  fibres  we  find  the  fibres  of  the  corpus  callosum  passing  from 
side  to  side  and  uniting  the  convolutions  in  connection  with  the  hemis- 
pheres the  anterior  commisstual  fibres  pass  backward  towards  die  coo  • 
volutions  in  the  neighborhood  of  the  Sylvian  fissure.  In  connection  with 
the  cerebral  lesions  we  find  the  following  account  of  the  fibre  arrange- 
ment of  intrest;  fibrese  thatarise  from  the  frontal  convolutions  are  found 
in  connection  with  the  internal  part  of  the  cerebral  crus  and  the  anurior 
portion  of  the  internal  convolutions;  fibres  that  pass  from  the  lower 
portion  of  the  ascending  frontal  convolutions  are  found  at  the  bend 
of  the  internal  capsule  and  of  the  crus;  the  fibres  passing  from 
the  higher  part  of  the  ascending  frontal  convolutions  are  found  in 
connection  with  the  anterior  portion  of  the  posterior  capsule  and  external 
portion  of  the  peduncle;  fibres  arising  from  the  lower  part  of  the  ascend- 
ing parietal  convolutions  form  the  middle  part  of  the  posterior  capsule 
and  the  inner  portion  of  the  external  crural  fasciculus;  fibres  arising  from 
the  posterior  cerebral  convolutions  are  found  in  connection  with  the  pos- 
terior part  of  the  posterior  capsule  and  the  external  portion  of  the 
peduncle;  fibres  are  found  passing  from  the  cortex  cerebri  towards  the 
lenticular  nucleus  from  which  they  pass  into  the  peduncle  while  others 
pass  from  the  optic  thalamus  to  the  cortex. 

The  gray  matter  of  the  hemispheres  is  connected  with  intelligence; 
hence  mental  disturbance  is  associated  with  a diseased  condition  ol  the 
gray  matter.  A.  sudden  injury  or  compression  or  a 11  u id  effusion  resul- 
ting from  inflammation  produces  unconsciousness.  If.  the  pressure  is 
takemaway,  consciousness  may  be  restored.  If  there  is  disease  in  con- 
nection with  the  white  matter  paralvsis  may  result  or  convulsions  may 
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be  found  without  any  loss  of  consciousness.  Thus  the  gray  matter  on 
the  sTirftrce  of  the  ccTebnim'iT associated  wittL  consciousness  and  with 
mental  phenomena.  This  fact  is  the  foundation  fact  in  psychopathy, 
forming-  the  basis  of  the  modern  remedial  treatment  of  insanity.  In  con- 
nection with  the  cerebal  hemispheres  different  methods  have  been  fol- 
lowed in  attempting- to  differentiate  the  •convolutions.  Some  have  at- 
tempted to  observe  the  natural  arrang-ement  of  the  convolutions  following 
the  divisions  marked  out  by  the  Rolandic  and  Sylvian  fissures  as  well  as 
by  the  points  of  connection  that  are  established  in  connection  with  these 
fissures.  Others  have  differentiated  certain  convolutions  as  for  example, 
Broca’s  convolutions  which  represent  one-third  of  the  frontal  reg-ion. 
Some  experimenters  have  taken  the  brain  and  gradually  sliced  it  into 
transverse  sections  so  as  to  find  out  the  relations  of  the  different  parts. 
If  the  gray  matter  of  the  hemispheres  in  a pig-eon  is  gradually  sliced  off 
the  animal  becomes  more  and  more  stupefied  and  loses  all  consciousness, 
perception  and  volition  being-  lost.  Perfectly  normal  movements  may  be 
produced  by  stimulating-  the  external  surface.  Such  movements  are 
purely  reflex,  are  not  accompanied  by  consciousness  of  the  external 
stimuli  and  are  not  the  result  of  voluntary  effort.  If  the  animal  is  fed  it 
will  live  for  months  in  this  condition  of  stupor.  A frog-  from  which  the 
cerebral  lobes  have  been  removed  may  be  made  to  g-o  throug-h  all  its  nor- 
mal movements  by  a suitable  external  stimulation.  Such  movements  in 
the  frog-  never  takes  place  spontaneously  but  only  when  stimulations  are 
applied  to  the  surface  incicating-  that  the  actions  are  purely  reflex.  It 
wili  therefore  appear  that  it  is  only  through  the  cerebral  hemispheres 
that  the  will  is  able  to  work  and  that  the  processes  set  up  in  the  cells  of 
the  hemispheres  as  a result  of  the  influence  of  the  will  cause  impulses  to 
travel  along  a nerve  to  the  lower  centers,  from  which  afferent  impulses 
pass  out  to  the  muscles.  It  may  be  taken  as  proved  that  the  nervous 
processes  and  activities  connehthd  with  volition,  sensation  and  the  other 
mental  phenomena  take  place  in  and  only  in  the  nerve  cells  of  the  gray 
maTfer  of  the  hemispheres.  In  early  times  it  was  supposed  that  all 
parts  of  the  cerebral  cortex  had  the  same  function.  Broca  discovered 
that  the  affection  of  speech  as  found  in  connection  with  paralytic  conrhi- 
tions  was  associated  with  ~ *—  ^ ! j ^ — x-1  — ^ t 


, - in  Ih^Itjlird'ifron  convolution.  In 

such  a case  the  person  may  know  the  object  but  may  not  be  able  to  name 
it;  he,  may  be  a b 1 e to  know  the  til i nglTseff  and  also  the  word 
cxpiess  it  but  he  is  unable  to  connect  the  two  together  so  as 
finite  expression  to  the  idea.  This  was  the  earliest  location 
in  connection  with  the 


word  that  would 
to  give  de- 
of  function 

cerebral  hemispheres.  Later  it  was  found  by 
Bchilf  and  others  tnat  electrical  stimulation  of  the  cortical  surface  did  not 
affect  or  produce  muscle  movements  from  which  it  was  concluded  that 
the  cortical  substance  pvas  associated  more  particularly  with  the  psychic 
phenomena.  Hit/.ing  in  connection  with  the  application  of  electricfty  to 
t e brain  found  that  certaih  movements  took  place  in  connection  with  the 
ciliary  muscles.  Ferrier  then  took  up  the  subject  using  instead  of  the 
constant  cui  rent  an  induced  current.  His  experiments  were  carried  on 
in  connection  with  the  monkey  applying  by  analogy  the  motor  areas  found 
in  the  monkeys’s  brain  to  the  brain  of  the  human  subject.  These  areas 
as  found  by  him  were  limited  to  a certain  part  of  the  cortex.  In  connec- 
tion with  other  portions  of  the  brain  stimulation  did  not  produce  any 
movement  and  hence  he  concluded  that  there  was  not  only  a motor  area 
•wit  also  a psychic  area.  Experiments  made  by  him  over  the  surface  of 
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of  which,  ;it  least  in tEeTase  bFThe  monkey,  rh. particular  move- 
ments. This  area  is  grouped  around  the  fiissure  of  Rolando;  (3 , an  an- 

t . Much  discussion  has  ariseTTs~ 
to  these  areas.  It  has  been  found  that  by  the  removol  of  the  grav  mat- 
ter there  follows  a weakening- of  the  movements  controlled  by  the  area; 
after  a short  time  these  signs  of  weakening-  disappear.  From’  this  it  was 
concluded  that  if  one  motor  area  is  destroyed  some  other  part  mav  take 
up  the  function  that  was  formerly  discharged  by  the  area  that  was  de- 
stroyed. The  motor  areas  in  connection  with  the  brain  of  the  monkey 
were  supposed  to  be  localized;  (1)  jn_connection  with  the  posterior  part. of 
the  parietal_lobe,  connected  with  movements  on  the  opposite~hind~)eg. 
(2)  At_the  upper  part  of  the  nssure  ot  Rolando  complicated  movenrentU 
asspciatecTwith  the  fore  and  hind  limbs  on  the  opposite  side  and  rer'^Tn 
movements  of  the  body  connected  with  these.  T In  the  ascendmg  par- 
ietal convolutions  an  area  associated  with  the  movements  of  the  hard  and 
lingers  on  the~opbbSite"5ulg'df  tlie  botTyT 


OS- 


_ _ (4)  In  connection  with  the 

tenor  portion  of  thesupenor  frontal  convolution  an  area  connected  wrtn 
tF extension  of  tEFhTnd^iTd~'ai^Tr~th e opposite  side.  At  the  uoper 
part  of  the  ascending-  convolution  an  area  connected  with  the  flexion  of  the 
forearm  on  the  opposite  siae.""^  (6)  In  the  median  part  of  th^sceml'lp*? 
fronial  convolution  an  area  connected  with  the  miisrnlarmnp-opients  o! 
fche.mou'tE"  1Y)  Beneath  this  in  connection  with  the  same  convolution  an 
area  was  localized  asspciateT"h  ith  the  lip  and  nasal  move  meats.  (8)  At 
the  inferior  . part  of  the  ascending-  frontal  and  the  posterior  part  of  the 
third  frontal  convolution-  an'  area  in  connection  with  mouth  and  tonguie 
movement.  (9)  At  the  inferior  part  of  the  ascending-  parietal  convolution 
an  area  connected  with  the  lateral  movements  of  the  head.  '(10)  In  con- 
nection with  the  posterior  parts  of  the  superior  ami  middle  convolution  a 
region  connected  with  the(op_enmg~  of  the  eyes  and  the  motions  ofThee yes 
and  of  the  head  towards  the  opposite  sidroT~the  body.  (11)  In  connec- 
tion with  the  angular  convolution  and  the  supramarginal  lobule  a region 
associated  with  various  movements  of  the  eyes  and  the  cimtraetten-ofthe 
piLpils.  (12)  In  connection  wimHe^nTra marginal  lobule  a center  asso- 
ciated  with  the  ears,  localized  as  the  center  of  hearing.  Goltzexperimen  i- 
ed  in  connection  with  the  removal  ot  the  gray  matter  by  washing-  with  a 
jet  of  water  so  as  to  prevent  hemmorrhag-e.  He  found  that  there  is  a power 
of  recovery  from  the  removal  of  a certain  area,  the  paralysis  being-  due  to 
the  injury  exciting  the  inhibition  of  other  centers.  It  is  suggested  that 
definite  movements  do  not  depend  solely  upon  a definite  area,  that  they 
may  depend  upon  two  or  more  areas  so  that  if  one  area  is  destroyed  the 
function  may  be  performed  by  another.  According  to  Goltz  paralysis  is 
associated  with  an  injury  that  produces  an  inhibition  in  connection 
with  the  centers  that  are  below.  Horsley  and  Schafer  find  that  the  tac- 
tile sensations  are  associated  with  the  fornicate  convolution. 

It  seems  to  be  definitely  established  that  different  parts  of  the  hemi- 
spheres have  different  functions  so  that  definite  areas  are  connected  with 
the  action  of  certain  muscles  or  groups  of  muscles.  It  is  possible  that 
each  muscles  may  not  be  associated  with  a single  area  but  this  does  not 
destroy  the  work  of  localization  that  has  already  been  accomplished.  In 
proof  of  this  fact  we  find  that  tumors  pressing-  on  a particular  gar,  of  the 
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hemispheres  are  associated  with  paralysis  of  the  special  muscles,  the  suc- 
cessful removal  of  these  tumors  being*  followed, by~tEe~3isat>h6a-rance  of 
the  paralysis.  What  is  referred  to  as  an  aphasic  condition  due  to  a lesion 
or  imperfect  nutrition  of  the  inferior  frontal  convolution  of  the  left  side  is 
another  proof  of  localization  of  function.  Localization  has  taken  place  in 
connection  with  the  following-  areas:  (1)  For  the  head  and  neck  in  the 

posterior  part  of  the  first  frontal  convolution.  (2)  For  the  facial  muscles 
in  the  posterior  part  of  the  second  frontal  convolution.  (3)  For  the  artic- 
ulatary  movements  in  connection  with  the  upper  portion  of  the  third  left 
front  convolution.  (4)  In  connection  with  the  arm  at  the  middle  of  the 
ascending-  convolution.  (5)  In  connection  with  the  arm  in  the  upper  por- 
tion of  the  ascending  convolution  close  to  the  Rolandic  fissure.  (6)  In 
connection,  with  the  eyes  the  posterior  parts  of  the  first  and  second  frontal 
convolutions.  (7)  For  the  body  muscles  in  connection  with  the  convolu- 
tion of  the  corpus  callosum  and  the  marginal  convolution.  The  visual 
center  is  localized  in  the  occipital  and  the  auditory  center  in  the  temporo- 
sphenoidal  lobes;  general  sensibility  being  associated  with  the  occipital 
and  the  posterior  parts  of  the  parietal  lobes.  According  to  Horsley  and 
Schaefer  the  areas  cannot  be  definitely  separated  from  each  other  as ‘they 
overlap  each  other,  for  example,  the  area  of  the  arm  is  found  in  connection 
with  the  upper  parts  of  the  ascending  frontal  and  parietal  convolutions; 
this  region  is  associated  with  the  muscles  of  the  shoulder,  of  the  foreram, 
of  the  wrist  and  of  the  fingers  in  the  different  parts  of  this  region  from 
the  upper  to  the  lower.  The  face  area  is  said  to  take  in  the  ascending 
parietal  and  frontal  convolutions  to  the  Sylvian  fissure.  This  area  repre- 
sents the  eye,  the  nose,  the  mouth  in  its  upper  part  and  the  jaws,  tongue 
and  lips  in  its  lower  part.  The  region  of  the  head  is  represented  as  be- 
ing associated  with  the  frontal  lobe  anterior  to  the  arm  region.  The  re- 
gion of  the  leg  is  found  in  connection  with  the  median  cortical  centers 
passing  over  the  border  and  being  associated  with  an  area  extending  from 
the  parieto-occipital  fissure  to  the  body  region.  The  body  area  is  confin- 
ed almost  entirely  to  the  marginal  convolution. 

In  the  same  way  the  sensory  areas  have  been  localized  by  Ferricr 
The  angular  gyrus  in  connection  with  stimulation  was 


and  others. 


found  to  be  associated  with  movements  of  the  eye  in  connection  with  re- 
llcx  sensory  stimulation.  In  connection  with  the  destruction  of  the 
angular  gyrus  on  one  side,  the  eye  on  tne  opposite  side  became  "hlind 
Wtu- 1 L-,is  'rf  fh c t wn  g y i i tve re  destroyed  total  blindness  follows  without 
any. motor  paralysis.  Thus  it  was  claimed  that  the  regular  gyrus  reprer 
'-silts  the  center  <>l  sight.  ill  the  same  way  the  auditory  area  was  local- 
ized  in  the  superior  tcmporo-sphenoidal  convolution  just  below  the  fissure 
of  Sylvius;  the  taste  and  smell  areas  at  the  extremities  of  the  temporo 
sphenoidal  lobe  and  the  area  of  tactile  sensation  in  the  gyrus  uncinatus 
and  the  hippocampal  gyrus.  Horsley  and  Schaefer  locate  the  area  of 
sensibility  in  the  gyrus  fornicatus  on  account  of  the  fact  that  they  find 
following  injury  to  the  region  a condition  of  semi-anaesthesia.  It  may  be 
generally  accepted  that  thr  posterior  part  of  the  brain  is  concerned 
primpally  in  receiving  sensory  impulses  whereas  the  motor  areas  con- 
neJ  m tlje  sending  out  of  impulses  are  associated  with  the  middle  and 
lateral  regions  and  the  frontal  or  anterior  lobes  are  concerned  with 
psychological  actions,  including  volition,  cognition  and  intelligence. 
I hus  thegray  matter  may  be  topographically  divided  into  three  great 
(1)  the  anterior  'orTrbntal  enrreerned  in’ psychic  phenomena;' (2)  the 
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motor  area  representing ;t.hr  mifldlp  region,  and  (3)  th^  posterior  region 
representing.  . sensory -iru pressioivs.  The  differentiation  of  the  brain 
may  be  accepted  as  a working  theory  in  order  to  aid  in  the  localization  of 
pathological  conditions  in  connection  with  the  psychic  and  the  phvsiologi- 
cal.  The  areas  have  already  been  mapped  out  to  a considerable  exte’nt 
in  the  field  of  surgery  so  that  there  exists  a physiological  foundation  for 
. tne  different  localized  brain  areas. 

According  to  Goltz  even  when  a large  part  of  the  cortex  is  removed 
blindness  does  not  result  but  there  is  an  interference  with  the  sight.  Ac- 
cording to  Munk  there  may  be  blindness  produced  by  the  destruction  of 
a large  part  of  the  occipital  lobes.  Munk  claims  that  there  maybe  phy- 
sical  and  also  psychic  blindness,  the  latter  including  incapacitv  to  under- 
stand the  impressions  that  are  made  in  connection  with  the  sense  of  vis- 
ion; according  to  him  the  cortical  surface  of  the  oscipital  lobes  forms  the 
physical  basis  in  the  cerebrum  for  the  transformation  of  the  visual  sen- 
sations into  perceptions.  In  the  same  way  he  says  that  the  other  sen- 
sations of  touch,  smell,  taste  and  feeling  are  transformed  into  percep- 
tion in  connection  with  other  parts  of  th'e  cortex.  According  to  Munk 
we  find  in  the  same  cortical  region  nerve  cells  which  give  rise  to  motor 
impulses  in  connection  with  particular  muscles  and  also  cells  for  the  re- 
ception of  sensory  impulses  originating  i.i  the  same  muscles,  indicating 
that  the  motor  and  sensory  region  in  the  cortex  are  found  in  the  same 
cortical  areas.  It  is  claimed  by  those  who  defend  this  theory  that  the 
lai-ger  and  deeper  cells  represent  the  motor  while  the  smaller  surface 
cells  represent  the  sensory  function.  In  opposition  to  this  it  is  claimed 
that  by  the  destruction  of  one  area  paralyzing  a set  of  of  muscles  the  sen- 
sory function  in  connection  with  the  same  muscles  is  not  necessarily  in- 
terferred  with.  It  is  also  claimed  that  by  the  destruction  of  a different 
cortical  area  sensibility  may  be  destroyed,  indicating  that  motor  and  sen- 
sory functions  are  discharged  by  different  areas.  As  we.  have  stated  the 
posterior  part  of  the  brain  is  the  sensory  region,  the  middle  and  lateral 
portions  being  engaged  in  transmitting  the  motor  impulses  out  from  the 
brain. 

In  regard  to  the  anterior  portion  of  the  brain  it  is  found  that  the  stim- 
ulation of  the  preefrontal  area  does  not  produce  any  motor  action  and  the 
complete  destruction  of  it  does  not  seem  to  interfere  either  with  motion 
or  sensation.  According  to  Ferrierthe  removal  of  the  anterior  frontal 
lobe  does  not  produce  any  change  from  the  physiological  to  pathological; 
in  the  case  of  the  monkey,  instinct  and  feeling  as  well  as  the  sensibility 
remain  normal.  There  is  no  interference  with  voluntary  motion  and  there 
Is  almost.no  chamge  that  would  indicate  any  important  variation  produced 
by  the  absence  of  this  large  portion  of  brain  substance.  Yet.  Ferrier 
says  that  an  important  change  is  observable  in  the  intelligent  character 
of  the  monkeys.  He  claims  that  they  pass  into  a condition  of  apathy  and 
stupor,  becoming  listless  and  even  unintelligent  to  a certain  degree,  al- 
though they  have  not  lost  the  function  of  intelligence.  If  is  on  this  basis 
that  the  brain  is  made  and  that  the  prefrontal  area  of  the  brain  is  asso- 
ciated with  intelligence.  According  to  this  the  frontal  region  of  the  gray 
matter  on  the  surface  of  the  brain  represent  intelligence  and 
volition.  According  to  Hugh  lings  Jackson  diseases  or  lesions  affecting 
certain  regions  on  the  cortex  of  the  hemispheres  produces  spasms,  these 
spasmodic  actions  being  limited  to  certain  muscles  so  that  he  claims  we 
have  the  basis  of  the  localization  of  motor  functions  in  connection  with 
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the  cerebral  hemispheres.  Impulses  coming  in  from  the  afferent  nerve 
reach  the  cortex  cerebri,  this  pathway  being-  fully  developed  in  connec- 
tion with  the  higher  animals.  In  order  that  the  impulse  may  have  its 
effect  it  must  pass  from  the  central  system  and  enter  into  part  of  the  bodv 
that  is  subject  to  control  so  that  the  impulses  have  definite  paths  from 
the  cortex  to^  the  different  regions  of  muscular  action  in  connection  with 
the  body.  Early  experiments  were  made  by  Fritsch  and  Hitzig  in  con- 
nection with  the  coi  tical  surface  in  the  brain  of  the  dog  by  the  use  of  the 
intei  i upted  constant  current  in  which  they  found  that  certain  movements 
are  directly  associated  with  certain  parts  of  the  cerebral  cortex.  In  the 
case  of  labbits  and  dogs  stimulation  has  been  applied  to  the  open  surface 
of  the  cerebral  hemispheres.  If  a weak  current  is  applied  for  a few 
seconds  slight  movements  of  the  muscles  are  noticeable,  the  contraction 
continuing  for  a short  time  after  the  withdrawal  of  the  stimulation.  If 
the  cui  rent  is  increased  in  strength  a large  number  of  muscles  respond 
b-v  contracting,  sometimes  producing  convulsive  movements.  Verv  soon 
the  response  ceases  to  be  given  indicating  the  loss  of  irritability.  In  con- 
nection with  the  cortical  surface  we  find  that  the  areas  are  associated 
with  the  pathways  leading  to  the  special  organs  of  sense.  The  area  rep- 
lesented  by  the  organ  of  vision  is  one  that  can  be  definitely  localized  in 
connection  with  stimulation.  Ferrier  claims  that  by  the  stimulation  of 
other  sensory  regions  movements  may  be  produced,  these  movements  be- 
ing supposed  to  represent  the  localization  of  sensory  areas.  When  the 
rest  ol  the  area  is  stimulated  certain  movements  follow,  these  responsive 
movements  having  been  made  the  basis  of  the  localization  of  the  sensory 
centers.  If  such  stimulation  is  applied  to  the  posterior  part  of  the  visual 
legion,  the  eye  turns  down  and  if  stimulation  is  applied  to  the  ventral 
parts  of  the  visual  region  the  eye  turns  upward,  the  movements  taking 
place  in  the  two  eyes  even  although  stimulation  is  applied  onlv  to  the  one 
side.  In  connection  with  the  other  sensory  areas  similar  results  are  re- 
ceived, indicating,  (1)  the  existence  of  cells  whose  stimulation  produces 
cei  tain  muscular  contractions;  and  (2)  that  these  cells  while  capable  of 
eceiving  impressions  from  the  sensory  organs  are  also  capable  of  stimu- 
ution  from  the  cell  itself.  This  would  seem  to  indicate  that  although  the 
aieas  ai  e particularly  adapted  to  receive  impulses  in  connection  with  the 
specia1  organs  of  sense  the  areas  are  not  exclusively  sensory.  By  the  ap- 
]>  tea  ion  o electrical  stimulation  to  the  different  regions  of  these  sense 

'mHaSi  °Ca  -fwT8  been  ma(le  in  connection  with  different  senses 

ih n vVI ‘,h  ,hG  dlfferent  sensations.  The  hemisphere  surface  may 

thus  be  divided  up  into  areas  of  motion  and  sensation  and  into  sub-areas 
lo.icspondmg  with  the  different  parts  of  the  body,  the  arms,  the  head, 
fro m i thC  iP’  CtC'  The.se  areas  «ay  be  also  distinctly  separated 
troiiinJ thPr ffhcr  a.S  centerrs  111  vvhich  we  have  a combination  of  cells  con- 
v h X wfi  epen  ?aItS  °f  thc  or-ans  of  the  body.  This  is  identified 
movem entl  w P C motor  regions  which  control  the  various  body 

acterkSrtkinHWlV1,nth,S8amem0t0rarea  wemay  also  localize  the  char- 
an  I leus  movements,  such  as  extension  anil  flexion  of  the  arms 

frn-  the  sm-,1^ l h>s  division  into  centers  may  be  carefully  made  by  separa- 

ate°all  othSiSI  '°fm  each  othcr  by  meaas  of  incisions,  so  as  to  seper- 
i»aralicT wfth til Pc?\fn,)m  contiguous  areas.  By  making  an  incision 
tion  anolied  u il  Sl"  IP  J2n?ath  cortex  it  will  be  found  that  stimnla- 

that  the  imnuVebe  W^'-e  SU/faCe  l,encalh  ^iv’es  no  response,  indicating 
the  impulses  arising  from  thc  stimulation  pass  from  the  cortical 
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portion  into  the  substance,  thus  entering-  the  nerve  path  along-  which  the 
impulses  pass.  This  seems  in  indicate  that  by  stimulating-  the  cortex 
the  impulses  that  are  associated  with  muscular  movements  pass  through 
certain  changes  within  the  cells  on  the  surface  ana  are  then  passed  to  the 
nbi  es  that  lie  beneath.  If  this  portion  of  the  cortex  is  removed  and 
stimulation  is  applied  to  the  hemisphere  a similar  result  mav  be  found, 
except  that  the  response  in  the  case  of  muscle  contraction  is  less  coordin- 
ated and  continuous  only  while  the  stimulation  lasts.  Thus  the  stimula- 
tion of  the  cortex  affects  the  cells,  impulses  being  aroused  which  pass 
fi  om  the  cells  to  the  fibies  beneath  and  thence  along  the  nerve  tract  to 
the  muscles.  If  a part  of  the  cortex  is  removed  from  the  motor  region 
there  is  found  degeneration  in  connection  with  the  internal  capsule  Imd 
the  callosum  substance  uniting  the  hemispheres,  the  degeneration  taking- 
place  on  the  same  side  and  also  in  the  fibres  that  cross  the  callosum  to  the 
other  side.  -This  gives  us  the  difference  between  the  parts  which  cross 
and  the  part  that  is  not  crossed,  representing  the  crossed  and  the  direct 
pyramidal  areas.  The  direct  pyramidal  tract  disappears  in  the  spinal 
cord  entering  by  the  anterior  commissure.  The  direct  pyramidal  tract 
is  said  to  terminate  in  the  spinal  cord  in  the  cervical  and  lumbar  expan- 
sions. 

Sheri-ington  observed  that  in  the  case  of  unilateral  injury  of  the  cor- 
tex there  is  a degeneration  in  the  two  crossed  pyramidal  tracts,  the  deg- 
eneration being  greater  at  the  point  of  the  two  enlargements  on  the  same 
side  as  the  lesion.  This  indicates  that  there  is  an  increase  locallv  in 
connection  with  the  fibres  running  on  this  side.  He  inferred  that'  the 
fibres  of  the  pyramidal  tract  recross  in  the  spinal  cord,  there  being  two 
groups  of  fibres,  the  onegrouperossingandthe  other  not  crossingso  that  the 
two  groups  of  fibres  are  found  on  the  two  sides  of  the  cord.  If  this  is  true 
then  we  have  a basis  for  the  capacity  of  each  cerebral  hemisphere  to  con- 
tro  the  body  movements  on  both  sides  of  the  body.  As  this  degeneration 
is  continuous  itseemsalsotoindicatethatthecortical  cells  have  neura  reach- 
ing into  the  cell  regions  of  the  spinal  cord,  even  as  far  as  the  sacral  region, 
the  different  neuraextendingtothecervicaland  lumbar  enlargements  of  the 
cord.  If  the  spinal  cord  is  divided  midway  in  the  dorsal  region  and  the  leg 
area  region  and  then  stimulated  by  thestimulationof  the  divided  cord,  in  the 
former  case  we  find  impulses  and  in  the  latter  case  no  impulses,  because  in 
the  former  case  stimulation  is  applied  to  nerves  that  are  passing  to  the 
lumbar  region,  whereas  in  the  latter  case  the  neura  form  the  arm  cells  end 
in  the  cells  of  the  cord  nearer  to  the  brain  than  the  divided  part  of  the  cord. 
According  to  this  we  have  a simple  arrangement  in  connection  with  the 
cortical  cells  and  the  cells  of  the  spinal  cord.  According  to  this  the  cell 
neura  in  the  cortex  extend  to  the  spinal  cord  regions  that  control  the  move- 
ments of  the  arms,  legs,  muscles,  etc.  These  neura  of  the  cortical  cells 
are  contained  wholly  inside  the  central  nervous  system  carrying  impulses 
along  the  cord  for  distribution  in  the  different  cord  regions,  representing 
the  combination  of  the  axial  cells.  According  to  Sherrington  there  is  a 
degeneration  of  some  fibres  as  far  down  as  the  lumabr  enlargement  by 
an  injury  to  the  cortical  arm  area.  In  this  way  we  have  the  connection 
established  between  the  cortical  cells  and  the  cord  cells.  Thus  the  cor- 
tical areas  represent  the  areas  of  movement,  the  size  of  the  area  having  no 
relation  to  the  muscle  movements  that  are  controlled.  In  what  way  the 
two  sets  of  cells,  namely  the  cortical  and  the  cord,  arc  connected  together 
we  are  not  able  to  say. 
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The  nerve  fibres  found  in  the  pyramidal  tracts  do  not  justify  us  in 
concluding-  that  there  is  one  fibre  for  each  cell  in  the  cortical  region. 
This  is  supposed  to  be  explained  by  the  branching-  processes  that  are  as- 
sociated with  the  pyramidal  fibres,  each  pyramidal  fibre  being-  connected 
with  a number  of  the  efferent  cells,  these  efferent  cells  being-  probably 
arrang-ed  in  groups.  In  the  human  subject  as  well  as  in  all  the  higher 
animals  this  localization  of  areas  seems  to  be  most  complete,  the  localiza- 
tion being  studied  chiefly  in  connection  with  the  monkeys.  The  chief 
localizations  of  these  areas  are  found  in  connection  with  the  two  central 
convolutions  of  the  brain,  these  areas  passing  beyond  only  along  the  great 
longitudinal  fissure.  In  studying  the  cortical  anatomy  from  the  stand- 
point of  the  areas  we  find  that  the  head  and  face  areas  are  separated 
widely  from  each  other,  the  arm  area  lying  between  them  and  the  area 
for  the  body  being  found  between  the  arm  and  the  leg.  The  order  of  the 
areas  from  the  anterior  posteriorly  is  as  follows: Jieaxl,  arm,  body  trunk, 
legs^  It  is  impossible  to  establish  any  relation  between  the  size  of  the 
areas  and  the  muscles  that  are  controlled  from  those  areas.  It  is  claimed 
that  the  movements  become  more  complicated  as  we  pass  from  the  pos- 
terior anteriorly,  the  head  movements  representing  the  most  anterior 
areas  and  physiologically  representing  the  most  complicated  movements 
that  are  associated  with  the  body.  These  areas  are  divided  into  sub-areas, 
for  example,  the  arm  area  is  found  to  be  associated  with  the  shoulder 
movements  at  the  upper  part  and  at  the  lower  part  with  the  movements 
of  the  fingers.  The  same  sub-division  of  areas  is  found  in  connection 
with  the  face  and  leg  regions.  It  would  seem  from  this  that  in  connec- 
tion with,  for  example,  the  shoulder  sub-area  the  neura  from  the  cortical 
cells  carry  impulses  downward  towards  the  efferent  cells  in  the  spinal 
cord  from  which  impulses  are  sent  out  along  the  anterior  roots  to  the 
shoulder  muscles.  The  same  thing  is  true  of  the  other  areas.  In  con- 
nection with  the  localization  of  the  areas  in  the  different  animals  it  is 
found  that  there  is  an  increase  in  the  degree  of  perfection  with  which  the 
ccdls_axe_grouped  together  inlXLaxgas  so  that  as  we  pass  upwards  to  man 
the  different  areas  become  more  definite. 

In  connection  with  pathological  observations  and  some  direct  experi- 
ments made  upon  the  human  subject  it  is  found  that  the  chief  seat  of 
these  areas  is  in  connection  with  the  two  central  convolutions.  In  con- 
nection with  the  human  subject  the  cortical  cells  become  elaborated  in 
connection  with  the  lower  centers  that  are  so  largely  increased  in  the 
spinal  cord.  It  is  said  that  the  entire  cortex  is  united  in  connection  with 
the  motor  and  sensory  areas  by  means  of  the  neura  which  carry  impulses 
to  the  motor  areas  and  pass  the  impulses  away  from  these  motor  areas 
towards  the  cells  in  the  spinal  cord.  The  cortex  according  to  Munk  is 
divided  into  areas  in  which  are  found  the  terminals  of  the  afferent  nerves 
indicating  the  areas  connected  with  the  organs  of  sense  asdhe  sensory 
areas  and  also  the  muscles  representing  motor  areas.  In  this  wav  the 
whole  of  the  cortex  in  which  localized  areas  arc  found  consists  of  cells  and 
fibres  carrying  impulses  to  those  cells,  the  cells  undergoing  certain 
changes  resulting  in  the  passage  of  impulses  to  other  portions  of  the  cor- 
tex and  to  the  central  nervous  system.  All  the  different  parts  of  the  cor- 
tex which  have  special  functions  originate  when  stimulated  certain 
movements;  in  the  case,  however,  of  stimulation  in  connection  with  the 
sensory  areas  movements  are  aroused  which  produce  contraction  of  the 
muscles  that  arc  associated  with  the  external  organs  of  sense,  these  rep- 
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resenting-  a very  small  part  of  the  motor  activity  that  is  associated  with 

the  brain  in  connection  with  the  skeletal  muscles/  1,1 

^ here  is  a control  on  the  part  of  certain  cell  groups  in  the  cortex  e* 
crcised  over  the  same  cell  groups  in  the  axial  system  of  the  spinal  cord’ 
as  tor  example,  where  movements  of  the  eve  follow  not  onk-  stimni  ’ 
ot  the  eye  area  but  also  of  the  parts  of  the Tccip  £1  reg"?  TifcST 
t.on  ot  the  cortex  cerebri  produces  a response  simply  on  one  side  that  re 
of  JS!VS  tound.ul  the  ?lde  opposite  to  the  one  stimulated  unless  in  cases 

the  symmetncal  action  of  muscles,  as  for  example,  in  the  case  of  the 
eyes  the  action  taking  place  simultaneously.  The  impulses  leaving  the 

Iho  r6X  °?  the  Pyramidal  tracts  to  the  ceIls  of  th?e  spinal  cord  hi 

,|n  cf/,c  of  human  subject  there  is  a large  number  of  fibres  represen- 
gthe  active  operation  of  the  cortical  region  and  its  close  connection 
with  the  spinal  cord.  It  is  found  that  in  thf  case  of  dividing  Se  spina" 
e ic  m the  monkey  and  in  the  human  subject  the  pyramidal  fibre  area 
is  larger  in  the  human  subject  than  in  the  monkey;  indicating  that  a 

in  man  iT  °/  hbr.e,s  are  lound  in  connection  with  this  pyramidal  tract 

mn,^ % this  region  that  disturbances  arising  from  the  re- 

o\alot  the  brain  in  the  human  subject  produce  reactions  upon  the 
en  lie  nervous  system,  the  connection  being  so  close  that  great  disturb- 

fn  Tf  t5  f0  °\V‘  , 0ui;  kn<5wledge  of  the  arrangement  of  the  cells 
the  coitex  depends  largely  upon  the  results  of  direct  stimulation 
lndmating  the  compiexky  that  is  associatecl  with  the  attempt  to  localize 
the  different  pathways  uniting  the  cortex  centers  with  the  lower  centers 
Ln  regard  to  the  sensory  areas  these  have  been  localized  chiefly  in  connec- 
tion with  bi  am  anatomy  and  brain  injuries,  both  congenital  and  acciden- 
tal. 1 he  olfactory  center  is  localized  at  the  point  of  the  temporal  lobe 
in  close  connection  with  the  hippocampal  convolution.  The  auditory 
i egioii  is  said  to  be  localized  in  the  first  and"  secondTemporal  commlution/ 
ajiynjur^to  these jxrodmees  deafness  and  their  destruction  on  the  one 

sld| produces  deafness  on  the~o^posite  side"  The  visual 

center  is  associated  in  some  wav  with  the  cuneate  lobule  as 
the  injury  of  this  region  affects  the  sight.  If  there  is  a lesion  in  the 
yisi^l  reg.ioxi  offone  hemisphere  there  is  a partial  affection  of  the  sio-ht  in 
both  eyes.  In  the  case  of  the  visual  and  auditory  regions  if  the  areas  are 
removed  the  stimulation  of  the  sub-cortical  substance  does  not  give  any 
response.  Thus  the  central  cells  in  connection  with  vision,  audition  anil 
°.  faction  must  be  in  the  cortex  and  if  the  impulses  associated  with  sensa- 
tions do  not  pass  to  these  cells  they  do  not  call  for  any  response  from  the 
center.  It  is  possible  voluntarily  to  produce  contraction  of  any  muscle 
group  under  the  influence  of  any  stimulation.  Hence  although  the  im- 
pulses from  the  cortex  control  certain  organs  of  the  body  the  fibres  of  the 
coitex. are  so  associated  together  that  the  stimulation  of  one  region  may 
i csult  in  the  motoi  impulse  passing  to  another  region  and  from  that  re- 
gion to  the  appropriate  organ.  Thus  when  impulses  pass  to  the 
visual  centei  in  connection  with  the  visual  stimulation  the  nerve 
impulse  may  be  transferred  from  the  visual  to  the  hand  center, 
the  transference  taking  place  aloip 
the  result  may  be  found  in  a hand  movement. 

fibres  connect  any  of  the  lateral  areas  on  the  HU  b 

out  the  central  nervous  system.  From  this  it  would  seem  that  these  associ 
ation  tracts  represent  the  pathways  of  union  between  the  areas  in  the 
cortex.  Broca  pointed  out  that  when  a lesion  is  found  in  the  third  fron- 


the  association  fibres  so  that 
These  association 
same  side  through- 
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ta.1  convolution  of  theleft  hemisphere  there  is  a loss  of  speech.  Hence  he 
localized  the  .speech  center  in  this  part  of  the  cortex,  this  center  being- called 
the  Broca  center.  This  does  not  involve  the  inaction  of  the  muscles  of 
speech,  probably  on  account  of  the  fact  that  in  this  area  there  are  found 
no  cells  which  are  immediately  connected  with  the  nuclei  that  g-overn  the 
muscles  of  speech.  The  corresponding-  portions  in  the  right  hemisphere 
seem  to  have  nothing-  to  do  with  the  regulation  of  speech. 

From  what  we  have  seen  it  would  seem  that  the  sensory  impulses  are 
distributed  in  different  cells  among  the  different  areas,  these  impulses 
being  sent  from  the  sensory  to  the  motor  regions  by  means  of  neura  con- 
necting the  two  regions,  the  short  tracts  being  found  in  the  cortex  and 
the  larger  tracts  in  the  deeper  surface.  There  seems  to  be  no  uniform 
relation  between  the  connecting  tracts  in  the  different  areas  and  there  is 
not  symmetry  in  this  connection  as  between  the  two  hemispheres.  For 
example,  line  connection  between  the  area  of  vision  and  the  motor  area 
representing-  the  arm  is  established  by  more  nerve  elements  than  the  con- 
nection between  the  area  of  taste  and  the  motor  area  for  the  legs.  It 
seems  that  in  the  case  of  a right  handed  person  a lesion  in  the  left  hemi- 
sphere is  more  hurtful  than  one  in  the  rig-ht  hemisphere.  The  lesion  in 
the~leTT  hemisphere  seems  to  be  more  frequent  and  to  have  a greater 
effect.  The  connections  with  the  sense  organs,  at  least  in  the  case  of  the 
eye,  the  ear  and  speech  seem  to  be  more  perfect  in  connection  with  the 
left  side  than  with  the  right  side.  This  implies  more  perfect  differentia- 
tion of  the  impulses  in  the  left  hemisphere,  because  these  impulses  can 
reach  the  motor  region  of  the  left  with  geater  ease  than  the  right.  As 
yet  there  is  little  evidence  that  the  reverse  is  true  in  the  case  of  left  hand- 


ed persons.  It  is  easy  to  see  how  it  is  possible  in  the  case  of  development 
of  Lhe  sense  organs  on  the  right  side  that  the  individual  tends  normally  to 
be  left-brained.  In  connection  with  the  pyramidal  tract  it  is  found  from 
the  standpoint  of  evolution,  that  ib  is  not  evenly  developed  on  the  fwr>  side* 
01  the  cord  and  this  may  form  the  basis  of  the  uneven  development  in 
adult  life  in  connection  with  the  two  sides  of  the  brain.  It  has  not  yet 
oeen  shown  that  the  crossed  pyramidal  tract  in  the  mature  condition 
possesses  this  inequality.  "Yet  it  is  found  that  injuries_ producing 
d hasic_an(l_apraxic  conditions  are  found  chiefly  in  the  left  hemisphere  in 
c<)11  section  with  persons  who  are  right  handed.  Tf  one  hemisphere  isTn- 
jureu  inThe  mature  individual  there  follows  a decrease  or  loss  of  function, 
although  this  may  be  temporary  if  the  person  is  immature,  in  which  case 
the  other  hemispheres  seem  to  be  capable  of  performing  the  function  of 
tae  injured  hemisphere.  The  nerve  cells  whose  neuron  is  found  in  the 
pyramidal  tract  must  in  the  case  of  the  human  subject  be  the  medium  of 
a large  number  of  impulses.  If  this  cell  is  injured  then  the  capacity  of 
receiving  or  giving  out  impulses  is  modified  or  destroyed  resulting  in  the 
loss  ol  function  of  the  part  controlled.  If  the  sending  out  cell  is  injured 
1)1  ‘ ,0yed  then  the  muscles  that  are  subject  to  the  motor  impulses 
",in  ,-‘1  cell  oe<^me^paralyzSd:  The  sending-out  cell  may  continue 

normal  while  the  pathways  along  which  impulses  pass  in  reaching  the  cell 
may  be  modified  or  destroyed;  this  is  the  condition  that  we  find  associated 
v>U!l_aphasia,  the  discharging  cell  not  receiving  a stimulus  sufficient  to 
p i nduce  a response.  When  a lesion  is  found  in  connection  with  the  region 
oetween  the  visual  and  the  motor  areas  there  may  be  a capacity  to  recog- 
nize  an  object  and  even  to  understand  its  use  without  the  capacity  for 
o<  aptation,  for  example,  to  use  the  hand  in  connection  with  the  use  of  the 
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object.  In  this  case  there  is  a lesion  somewhere  in  the  pathway  between 
the  sensory  and  the  motor  tracts  interfering  with  the  transmission  of  im- 
pulses to  the  center  of  motivity. 


, 11  is  weH  known  that  there  is  a great  difference  in  the  sensitiveness 

of  the  different  senses  in  connection  with  different  individuals,  particu- 
lai  ly  in  the  discrimination  of  a minimum  of  observable  difference  ^l'hi^ 
power  of  discrimination  is  largely  due  to  the  educative  processes  of  the 
central  nervous  system.  It  is  partly  due  also  to  differences  that  are  fou  nd 
in  the  sensory  pathways.  In  the  case  of  those  whose  thoughts  take  place 
m connection  with  pictures  of  vision  as  compared  with  those  who  think 
from  the  standpoint  of  audition,  it  is  evident  that  in  the  former  case  the 
visual  cells  in  the  cortical  centers  are  more  distinctly  developed  whereas 
in  the  latter  case  the  auditory  cells  are  more  distinctly  developed.  We 
find  the  same  difference  in  the  capacity  of  expression,  this  capacitv  cover- 
ing not  only  expression  in  writing  or  speaking  but  also  capacitvof  ex- 
pression in  connection  with  manual  signs  or  acts.  In  either  of  these  cases 
thei  e is  a pai  ticulai  development  in  connection  with  the  relationsof  certain 
sensory  centers  to  the  motor  areas,  for  example,  of  the  hand,  of  phor.a- 
tion.  We  can  not  trace  out  the  anatomical  relations  although  Jhere  is  un- 
doubtedly.a.sensory-motor  combination  more  or  less  complete  in  the  dif- 
ferent individuals.  It  is  evident  from  this  that  a lesion  will  affect  individ- 
uals very  differently.  Hence  we  cannot  fliminate  the  personal  equation 
in  connection  with  the  brain,  this  personal  equation  depending  upon  the 
educativ e piocesses  that  have  been  associated  wTitb  the  central  nervous 
system.  The  relation  of  certain  areas,  for  example,  the  sense  organs,  is 
shown  to  be  true  by  the  fact  that  a complexity  of  impressions  followed  bv 
their  sensations  is  necessary  in  order  to  bring  the  areas  into  activity,  the 
response  being  given  in  the  case  of  one  or  more  of  these  organs,  Differ- 
ences exist  among  individuals  in  the  capacity  of  discernment  especially  in 
the  case  of  minute  differences  even  with  the  same  sense  organs.  The 
minuteness  of  this  capacity  of  discernment  does  not  depend  entirely  upon 
training,  the  difference  being  found  also  in  the  cells  and  the  fibres  Yepre- 
senting  the  pathway  of  impulses  to  and  from  those  cells.  The  visual  cells 
seem  to  be  more  acute  on  account  of  their  more  perfect  development  and 
organization.  The  same  thing  is  true  of  the  capacity  for  expression  as 
between  the  power  of  speech  and  the  power  of  handwriting.  In  connec- 
lion  with  the  cortex  we  find  that  although  the  longer  tracts  are  those  pre- 
pared by  impulses  in  the  passage  from  center  to  center  the  shorter 
tracts  are  often  chosen  as  the  pathway  on  account  of  certain  cell  combina- 
tions. 

Investigation  has  not  as  yet  localized  areas  in  connection  with  the  whole 
cortex,  so  that  a large  part  of  the  cortex  remains  latent.  This  latent 
part  of  the  cortex  may  represent  areas  that  have  not  vet  been  localized 
or  it  may  represent  indifferent  parts  of  the  cortical  centers,  The  cen- 
ter of  speech  is  not  properly  speaking  either  a motor  or  sensory  area  and 
yet  when  it  is  injured  there  is  an  interference  with  vocalization.  The 
center  of  speech  is  thus  regarded  as  composed  of  cells  which  form  a path- 
way to  the  area  represented  by  the  vocalization  muscles.  On  this  analogy 
the  latent  regions  of  the  cortex  arc  supposed  to  represent  pathways  in 
connection  with  which  impulses  pass  or  modifications  take  place  in  the 
passage  of  impulses  to  the  true  motor  area  of  the  brain.  F rom  an  ana- 
tomical standpoint  the  latent  areas  do  not  possess  large  enough  tract  con- 
nection to  allow7  of  the  impulsesarising  from  them  producing  contractions 
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Hence  the  value  of  these  latent  portions  remains  as  yet  undiscovered.  In 
connection  with  the  frontal  parts  of  the  cortex  we  find  established  connec- 
tion with  the  pons  Varolii  and  the  cerebellum.  In  connection  with  the 
removal  of  one  of  the  frontal  lobes  in  the  case  of  the  monkey  it  is  found 
that  there  is  very  slight  disadvantage,  whereas  in  the  case  of  the  removal 
of  the  frontal  lobes  a serious  interference  is  involved.  When  the  single 
frontal  lobe  is  removed  there  are  slight  sensory  and  motor  disturbances 
together  with  a diminution  of  sensibility  on  the  opposite  side  of  the  body 
and  a partial  paralysis.  In  the  case  of  the  removal  of  the  other  frontal 
lobe  the  same  changes  take  place  on  the  opposite  side  of  the  body  together 
with  the  absence  of  concentration  in  connection  with  body  movement,  loss 
of  feeling  and  most  of  the  psychic  functions,  together  with  increased  irri- 
tability. From  this  it  has  been  concluded  that  the  frontal  lobes  have  an 
important  function  to  discharge  in  connection  with  the  entire  central  ner- 
vous system,  representing  as  is  supposed  the  seat  of  intelligent  activity 
in  connection  with  all  the  actions  of  the  lower  parts  of  the  nervous  mech- 
anism. 

In  connection  with  the  coordination  of  body  movements  some  interes- 
ting studies  have  been  made  in  connection  with  the  lower  animals.  All 
movements  are  regulated  in  connection  with  the  sense  of  equilibrium 
which  involves  the  psychic  element  of  appreciation  of  the  body  relations  in 
space.  By  an  interference  with  this  sense  of  equilibrium  the  movements 
of  the  body  cease  to  be  coordinated.  This  sense  of  equilibrium  depends 
upon  sensations  that  are  associated  with  touch  and  vision  and  also  with 
the  muscular  sense.  But  none  of  these  sensations  may  be  said  to  definite- 
ly determine  the  body  equilibrium  because  certain  changes  may  take 
place  in  connection  with  the  body  that  are  not  determined  by  any  of  these 
sensations.  Our  determination  of  the  body  position  and  relations  depends 
therefore  upon  our  consciousness  of  certain  sensations  that  are  associat- 
ed with  the  body  position  independent  of  touch,  sight  and  the  muscular 
sense.  These  impulses  give  us  undoubtedly  our  knowledge  of  the  body 
relations  to  space  and  form  the  basis  of  coordinated  body  movements.  In 
connection  with  some  of  the  lower  animals  such  as  the  pigeon  when  the 
hoi  izontal  semicircular  canal  is  divided  or  injured  in  any  way  the  move- 
ments of  the  head  are  noticed  to  be  indeterminate.  In 'the  case  of  the 
division  of  one  of  the  vertical  canals  the  movement  is  upward  and  down- 
ward.  If  only  one  of  the  canals  is  injured  the  condition  is  transitory 
while  in  the  case  of  injury  to  both  canals  it  is  either  permanent  or  at  least 
remains  for  a longer  time.  Associated  with  these  movements  of  the  head 
there  is  a lack  of  coordination  in  connection  with  the  movements  of  the 
body.  There  is  no  interference  with  audition  and  even  if  an  abnormal 
stimulation  of  the  auditory  nerve  took  place  the  results  of  the  division 
would  be  transitory.  The  amount  of  loss  of  coordination  is  found  to 
miter  in  different  animals;  as  the  movements  become  more  complex  and 
the  coordination  more  perfect,  the  interference  with  the  canals  produces 
the  greater  effect.  In  connection  with  some  of  the  mammals,  for  ex- 
ample,  the  frog,  it  is  found  that  the  division  of  one  of  the  canals  results  in 
certain  movements  in  connection  with  the  head  and  the  eyes  depending 
upon  the  canal  which  is  affected.  This  results  in  a lack  of  coordination 
in  moiion.  If  all  the  canals  are  divided  effects  are  noticeable  to  a greater 
extent,  the  lack  of  coordination  becoming  very  characteristic.  If  all  the 
cana  s are  divided  the  lack  of  coordination  becomes  permanent.  The 
same  result  is  said  to  be  associated  with  the  division  of  the  eighth  nerve 
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or  the  division  of  the  vestibular  portion  of  that  nerve,  even  when  there  is 
no  interference  with  the  semi-circular  canals.  The  three  canals  are 
tound  to  be  associated  with  three  different  planes  in  relation  to  one  an- 
other, so  that  by  turning-  the  head  there  is  a difference  in  the  pressure  in 
connection  with  the  endolymph  found  in  connection  with  the  different 
canals.  By  the  changes  of  the  endolymph  in  relation  to  the  am pullae 
certain  impulses  are  said  to  be  originated  in  connection  with  the  cristae 
which  send  up  impulses  into  the  brain  forming-  the  basis  of  the  coordina- 
tion of  body  movements.  It  is  found  that  by  opening  one  of  the  canals 
and  allowing  the  air  to  pass  through  a canula  into  the  cavity  in  which  the 
endolymph  is  found  different  movements  result  as  the  endolymph  makes 
its  way  towards  or  is  driven  away  from  the  ampulla.  It  seems  to  be  prov- 
ed that  the-am-pulfaxycristxe  reprcsents  the  sense  organs  in  connection  with 
which  cei  tain  impulses  are  originated  depending  upon  the  movements  of 
t.io  head  which  foi  m the  basis  of  the  sense  of  equilibrium  in  connection 
with  the  coordination  of  the. body  movements.  The  only  movement  of  the 
head  that  affects  the  thi  ee  canals  is  the  rotation  of  the  head;  the  motion  of 
the  head  backward  01  forward  and  even  up  and  down  does  not  produce 
the  same  effect  in  connection  with  the  ampulla.  There  must  be  there- 
foresome  means  of  originating  impulses  in  c ) inaction  with  the  various  move- 
ments of  the  head.  How  these  movements  take  place  it  is  not  known  and 
it  is  found  that  the  division  of  the  cochlear  branch  of  the  eighth  r, 
does  not  seem  to  affect  the  coordination  of  body  movements.  From 
it _jsjt  vident  thatjthe  vestibular  branch  of  tne  eighth  nerve  represents  EB 
impulses  that  form  the  basis  of  coordination  in  connection  with  the  e g u i li- 
brium of  the  body  and  also  in  connection  with  coordinated  body  move- 
ments. In  connection  with  experiments  on  the  brain  or  injuries  that  are 
found  associated  with  the  brain  certain  artificial  movements  are  found. 


these  movements  being  of  a veiw  large  character  in  some  cases  and  less 
marked  in  others.  One  of  the  common  forms  of  these  abnormal  move- 
ments is  found  in  connection  with  the  rotation  about  the  longitudinal  bod  v 
axis.  This  is  found  in  connection  with  the  division  of  one  of  the  cerebral 
peduncles  or  one  of  the  cerebellar  peduncles  or  in  connection  with  the 
division  of  the  pons  and  injuries  to  the  corpora  qurdrigemina  and  the 
medulla.  In  other  cases  we  find  what  are  called  circus  movements  the 
animal  rotating  around  about  a center,  sometimes  to  one  side  and  some- 
times to  the  other  side.  This  is  often  found  particularly  in  connection 
with  uni-lateral  sections  of  the  different  parts  of  the  brain.  Sometimes 
we  find  what  is  called  the  clock  hand  motion  in  connection  with  injuries 
due  to  the  posterior  corpora  quadrigemina.  These  movements  may  as- 
sume different  forms  and  the  movements  may  themselves  be  either 
coordinated  or  incoordinated.  Sometimes  the  animal  runs  straight  for- 
ward unless  impeded  by  some  obstacle  as  in  the  case  of  injuries 
to  the  corpora  striata.  In  connection  with  these  different 
forms  of  abnormal  movement  the  animal  is  found  to  put 
into  these  movements  all  its  characteristic  activity.  The  movements 
are  continued  until  exhaustion  ensues,  unless  as  we  find  in  some  cases  the 
movement  itself  originates  from  the  fact  that  certain  voluntary  impulses 
are  not  able  to  gain  egress  from  the  body  on  account  of  some  impediment 
in  connection  with  the  central  nervous  system.  In  most  cases,  however, 
a simple  obstruction  of  volitional  impulses  cannot  explain  the  character::  - 
tic  incoordinated  movements.  Although  we  cannot  explain  tile  tatsc  of 
these  movements  they  indicate  complexity  of  the  coordinating  nucha.:.:  in. 
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especially  in  connection  with  the  different  parts  of  the  brain  and  the  rela- 
tions and  interrelations  of  the  different  parts  of  the  brain  mechanisn.  In 
connection  with  animals  that  have  been  deprived  of  the  cerebral  hemis- 
pheres it  is  found  that  the  coordinating-  mechanism  lies  between  the  cere- 
bral hemispheres  and  the  medulla.  The  relations  of  this  coordinating- 
mechanism  to  the  other  parts  of  the  brain  is  not  well  known.  In  connec- 
tion with  the  frog",  after  the  cerebellar  hemispheres  have  been  removed  it 
is  easy. to  distinguish  the  parts  that  are  left.  On  the  removal  of  the  optic 
thalami  visual  impulses  in  connection  with  body  movements  are  absent. 
On  the  removal  of  the  optic  lobes  the  power  of  equilibrium  is  lost  so  that 
in  the  frog-  the  special  coordinating-  power  of  equilibrium  must  be  localiz- 
ed in  connection  with  the  optic  lobe.  In  the  case  of  a frog-  the  cerebellum 
is  very  small  and  its  removal  cannot  take  place  without  injury  to  the  parts 
lying-  beneath  so  that  it  is  difficult  to  determine  how  much  the  cerebellum 
has  to  do  with  coordination.  In  regal'd  to  the  other  animals  including-  the 
birds  and  mammals  it  is  difficult  to  determine  what  parts  of  the  brain  are 
associated  with  coordination. 


It  js  not  easy  to  determine  the  pathways  of  sensory  impulses  and  the 
sensation  development  that  is  associated  with  the  brain.  It  is  also  difficult 
to  functionalize  the  different  parts  of  the  brain  in  connection  with  the 
gray  matter  and  the  fibre  tract.  In  connection  with  the  cerebellum  we 
find  \ e 1 y intimate  relations  established  with  the  rest  of  the  nervous  sys- 
tem. In  connection  with  the  inferior  crus  whose  fibres  terminate  in  the 
dentate  nucleus  we  find  an  uncrossed  connection  with  the  spinal  cord  and 
the  medulla,  in  connection  with  the  cerebellar  tract  it  is  closely  connected 
with  the  posterior  roots  of  the  spinal  nerves.  It  has  also  established  a 
connection  with  the  cuneate  and  the  gracilis  nuclei  on  the  same  side  as 
w ell  as  with  the  vestibular  portion  of  the  eighth  nerve  and  possibly  some  of 
the  other  cranial  nerves.  In  connection  with  the  middle  crus  whose 
ubres  are  associated  with  the  superficial  gray  matter  connection  is  estab- 
lished between  the  cerebellum  and  the  pons  and  also  fibres  that  are  asso- 
ciated  with  the  frontal  and  occipital  regions  of  the  cortex  with  the  pons. 
In  this  way  each  side  of  the  cerebellum  has  close  connections  established 

^4.i!C<rUSSatl0n- W1^  opposite  side  of  the  cerebrum.  In  connection 
W1  n the  superior  peduncle  we  have  both  a crossed  and  an  uncrossed  con- 
nection although  this  is  an  indirect  connection  representing  a pathway  of 
impulses  from  the  cerebellum  to  the  cerebrum.  In  connection  with  the 
removal  of  a part  or  the  whole  of  the  cerebellum  it  is  found  that  different 
1 esults  follow  as  we  find  also  in  the  case  of  stimulation  by  electricity  of 
ie  ceiebellar  surface.  If  one  half  is  removed  the  effects  are  limited  to 
the  same  side  of  the  body.  The  removal  of  the  entire  cerebellum  does 
not  produce  any  psychic  interference  and  does  not  seem  to  result  in  any 
specia  intci  erence  with  the  cutaneous  sensations.  In  connection  with 
the  removal  of  the  cerebellum  certain  of  the  abnormal  movements  arc 
round,  as  for  example,  rotation,  around  the  longitudinal  body  axis. 

^ratCd  \V-'th  thl.s.therc  is  an  incoordination  of  movement  that  interferes 

i i ocomotlve  activity  and  even  muscular  spasms  in  some  cases  produc- 
ufjfl  tU7ature;.  This  audition  may  piss  away  but  there  is  left  be- 
of  ninrom  ' .C°?'  ‘ matloI1  wb‘ch  >9  found  in  muscle  spasms,  unsteadiness 

it  ^ ,i  , eve"  an  irregularity  in  muscle  movements.  From  this 
orfi;nA;C  lH  r ( * * le  cerebellum  is  in  some  way  associated  with  the  co 

imnntcn™  ° musc!°  contraction.  It  is  claimed  by  some  that  cerebellar 
s ai  t associated  with  volitional  impulses  regulating  in  some  way 
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the  voluntary  and  normal  coordinating  impulses  which  arc  at  the  basis  of 
the  tonic  condition  of  the  muscles  in  normal  contractions.  This,  however, 
has  not  been  proved  unless  we  take  it  that  the  unsteadiness  of  gait  in  the 
case  of  cerebellar  interference  represents  the  interference  with  this  cere- 
bellar function.  It  is  claimed  by  some  that  cerebellar  injury  is  not  sym- 
metrical. This,  however,  does  not  seem  to  establish  anything  definite  in 
regard  to  the  function  or  functions  of  the  cerebellum.  ' There  seems  to 
be  such  a close  relation  established  between  the  cerebrum  and  cerebellum 
that  the  two  would  naturally  seem  to  act  in  coordination  in  the  discharge 
of  their  special  functions  of  coordination. 

In  connection  with  the  corpora  quadrigemina  we  find  complex  bodies, 
the  different  parts  of  which  differ  from  each  other  in  the  gray  matter  and 
the  fibre  connection.  In  the  anterior  pair  there  is  some  relation  to  the 
sense  of  vision.  This  visual  function  is  possibly  limited  to  a small  part 
of  the  bodies,  one  part  possibly  being  associated  with  the  optic  tract  and 
another  with  the  fibres  in  connection  with  the  cortex.  It  is  also  possible 
that  there  is  a part  devoted  to  coordination  of  movement.  Bv  the  stimu- 
lation of  the  superficial  portion  of  the  posterior  pair,  at  least  in  connection 
with  the  monkey,  there  is  produced  vocalization.  This  may  be  associated 
with  reflex  action  although  it  is  claimed  that  it  has  some  relation  to  the 
vocal  function  and  also  to  the  sense  of  hearing.  In  animals  like  the  frog 
in  which  the  cerebellum  is  found  to  be  small  the  optic  lobes  are  supposed 
to  be  associated  with  the  coordination  of  movements.  By  dividing  the 
optic  lobe  there  is  a loss  of  the  power  of  equilibrium  associated  with  lac  . 
of  coordination  of  movements.  The  optic  lobes  are  supposed  to  be  asso- 
ciated in  some  way  with  coordination  of  movements.  In  the  case  of  the 
mammals  interference  with  or  removal  of  the  posterior  corpora  quadrige- 
mina does  not  produce  blindness  although  it  may  give  rise  to  a loss  of  co- 
ordination this  loss  of  coordination  being  temporary.  In  connection  with 
the  anterior  pair  there  is  coordination  of  vision  and  possibly  also 
coordination  in  connection  with  the  posterior  pair  associated  with  hear- 


ing. 


The  brain  taken  as  a whole  has  certain  splanchnic  movements.  Re- 
spiratory and  vasomotor  action  are  associated  with  the  medulla  and  the 
corpus  striatum  is  associated  with  the  heat  centers.  In  connection  with 
the  uppeff'parfs  of  the  brain  strong  influences  are  brought  to  bear  upon 
respiration,  vasomotor  action  and  cardiac  action  through  the  modai. ... 
Voluntary  action  also  has  a bearing  through  the  lower  centers  upon  unvn 
of  tfuTorganic  TuncHonsTas  for  example,  in  the  case  of  micturition  and  de- 
fecation. In  connection  with  these  movements  the  brain  action  seems  to 
be  confined  to  the  acceleration  or  inhibition  of  the  spinal  centers.  These 
are  not  therefore  to  be  found  in  connection  with  the  cortical  motor  areas 
as  real  centers  in  connection  with  these  organic  functions.  The  emotions 
have  a much  stronger  influence  over  these  visceral  functions  than  Hie  will, 
as  for  example,  in  the  case  of  the  heart  and  the  glands.  The  cortex  is  in- 
timately connected  with  the  emotions  and  on  this  account  the  cortex  forms 
the  medium  through  which  emotion  acts  upon  the  visceral  activity.  In 
connection  with  experiments  not  very  definite  results  have  been  obtained, 
for  example,  it  has  been  found  by  stimulating  the  cortex  in  the  case  of  a 
dog  that  certain  bladder  movements  have  resulted,  this  impulse  passing 
to  the  cord  through  the  medulla.  Others  claim  that  the  stimulation  of 
certain  parts  of  the  cortex  produces  salival  flow,  on  the  basis  of  which  it 
is  claimed  by  some  that  there  is  a salival  area  posterior  to  the  Sylvian  fis- 
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sure  in  the  case  of  the  dog-.  Similar  results  hdvc  been  claimed  in  the  case 
of  the  heart  and  vasomotor  action  by  stimulation  of  certain  parts  of  the 
cortex.  These  results  however  have  not  been  applied  to  the  hig-her 
animals  and  it  is  questioned  by  some  whether  such  an  application  can  be 
made. 

In  connection  with  the  time  that  is  occupied  by  cerebral  actions  as  we 
have  seen  already  a certain  time  is  necessary  and  this  time  varies  accord- 
ing- to  the  amount  of  psychic  action  that  is  involved.  Experiments  have 
been  made  to  test  the  velocity  in  connection  with  a stimulus  and  a sigmal 
that  is  g-iven  as  soon  as  a flash  of  lig-ht  is  seen  or  a sound  is  heard.  The 
interval  which  is  found  to  intervene  between  the  stimulation  and  the  sig- 
nal is  called  the  reaction  period  which  is  claimed  to  consist  of  three  difer- 
c-nt  stages.  (1 ) the  afferent  period  during-  which  the  afferent  impulses 
pass  along-  the  afferent  paths  to  the  centralsystem;  (2)  tEFcentral  period 
or  the  time  occupied  in  the  central  nervous  system;  and  (3)  the  time  that 
is  occupied  in  the  passage  of  the  efferent  impulses  along-  the  the  efferent 
nerves.  In  connection  with  the  efferent  period  there  is  little  variation, 
whereas,  during-  the  afferent  period  there  is  much  complexity  and  con- 
siderable difficulty  in  estimating-  the  length  of  time  that  is  occupied. 
This  makes  it  difficult  to  form  any  estimate  of  the  centi'al  period.  There 
is  always  the  personal  element  to  be  taken  account  of  as  every  individual 
does  not  observe  with  the  same  amount  of  precision  or  during-  the  same 
period  of  time.  In  connection  with  the  central  period  there  is  the  com- 
plexity involved  in  connection  with  the  psychological  conditions.  When 
the  afferent  impulses  are  originated  by  means  of  stimulation  they  pass  to 
the  central  system,  complex  changes  taking  place  both  physical  and  psv- 
chical  in  connection  with  sensation,  perception  and  volition'  All  of  these 
elements  would  require  to  be  analyzed  in  order  to  determine  the  reaction 
tone.  In  this  connection  we  require  to  take  account  of  the  voluntary  ac- 
tion that  is  associated  with  the  will.  Here  it  is  difficult  to  discriminate 
between  purely  voluntary  and  involuntary  movements.  In  the  case  of  the 
lower  animals  it  is  true  there  is  an  essential  difference  between  the  vol- 
untary aud  involuntary  actions,  but  this  difference  is  not  found  so  com- 
pletely differentiated  in  connection  with  the  higher  animals.  In  the  dis- 
tinction therefore  between  the  voluntary  and  the  involuntary  elements  we 
must  take  account  not  only  of  coordination  in  connection  with  the  muscle 
and  nei  ye  elements  but  also  the  kind  of  process  that  is  associated  with  the 
origination  of  the  impulses.  It  is  very  difficult  to  draw  a distinction  be- 
tween the  volitional  element  and  the  involuntary  clement  from  this  stand- 
point and  this  of  course  depends  very  largely  upon  our  view  of  the  cerebral 
cortex.  In  connection  with  the  cerebral  cortex  as  we  have  seen  there  is  to 
be  distinguished  the  motor  areas  and  the  sensory  areas  and  the  connec- 
tions established  between  these  areas.  Having  differentiated  the  motor 
area  from  the  sensory  the  question  is,  what  is  the  particular  part  that  is 
played  by  this  motor  area  in  connection  with  the  movements  that  are  as- 
sociated with  the  different  parts  of  the  body.  The  experiments  togeth- 
ci  Wlth  conical  observations  point  distinctly  to  the  fact  that  here  we  have 
a center  with  intimate  connections  with  the  lower  parts  of  the  nervous 
mechanism,  the  association  taking  place  through  the  fibres  of  the  pyrami- 
(Ul  ti  act.  1 hese  fibres  are  determined  to  a large  extent  by  the  cells 
which  form  their  starting  point  and  they  have  been  traced  out  as  we  have 
seen  by  the  processes  of  degeneration.  Hence  whatever  takes  place  in 
tne  motor  area  is  executed  in  connection  with  efferent  impulses  sent  along 
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the  pyramidal  tracts. 

According  to  the  experimental  evidence  the  speech  movements 
are  associated  in  some  way  with  the  third  frontal  convolution 
1 he  inovements  of  speech  are  particularly  skilfull  in  their 
execution  and  involve  the  greatest  adaptation  on  the  part  of  a delicate 
mechanism.  There  is  a series  of  events  all  of  which  are  properly  coor- 
dinated involved  in  the  vocalization  of  a single  word  so  that  if  any  of  the 
links  in  a chain  of  connection  is  broken  the  action  itself  may  fail.  The 
failure  may  take  place  in  connection  with  muscles,  nerve  terminals,  nerve 
nbies  in  the  medulla  or  in  the  upper  part  of  the  brain  so  that  injuries  in- 
volving any  of  these  may  result  in  imperfect  speech  or  in  the  destruction 
of  speech.  Injury  for  example  associated  with  the  medulla  results  in 
the  imperfection  of  speech  due  to  incoordination  in  connection  with  motor 
impulses.  A.phasic  conditions,  for  example,  are  produced  by  injuries  in 
connection  with  the  cortex,  the  aphasia  being  either  complete  or  incom- 
plete, so  that  we  are  not  able  to  determine  the  exact  localization  of  the 
cortical  speech  area  from  these  cases.  In  the  case  of  partial  aphasia 
there  is  sometimes  involved  a psychic  condition  associated  with  volition 
or  emotion.  It  is  concluded  from  facts  like  these  that  the  center  of 
speech  in  the  cortex  can  not  be  limited  to  a sing'le  area,  the  complexity  of 
the  coordination  involving  a number  of  areas  in  the  cortex.  This  means 
that  the  articulation  does  not  originate  from  any  particular  point  in  the 
cortex  but  rather  that  something  is  found  to  take  place  in  connection  with 
this  speech  area  which  results  in  the  sending  out  of  impulses  along  the 
pyramidal  tract  to  the  medulla,  where  a series  of  actions  are  asociated  to- 
gether by  coordination  in  connection  with  articulation.  In  connection 
with  aphasia  a distinction  is  drawn  between  two  possible  cases,  the  one 
arising  from  the  efferency  that  is  associated  with  the  motive  element  and 
the  other  with  the  afferency  of  the  sensory  element.  Thus  the  aphasic 
condition  may  be  due  to  imperfection  of  activity  either  on  the  motor  or 
on  the  sensory  side.  In  the  case  of  those  who  are  congenitally  deaf  we 
have  an  illustration  of  the  latter  condition.  By  the  removal  of  what  is 
called  the  motor  area  from  the  cortex  there  is  not  only  a loss  of  movement 
but  also  an  interference  with  sensation.  For  example,  by  removing  the 
arm  area,  there  is  not  only  paralysis  of  the  arm  but  also  the  absence  of 
sensation  in  connection  with  the  cutaneous  surfaces  of  the  arm.  The 
same  thing  is  true  of  all  the  different  parts  of  the  body,  the  loss  of  move- 
ment being  associated  with  a loss  of  sensation.  The  sensory  loss  seems 
to  be  simultaneous  with  the  motor  loss.  In  connection  with  the  stimula- 
tion of  the  cortex,  particularly  where  this  has  been  associated  with  con- 
sciousness it  is  found  that  there  are  sensations  that  correspond  with  the 
particular  area  subjected  to  stimulation.  This  is  in  line  with  the  known 
fact  that  in  cases  of  epilepsy  the  movements  which  are  associated  with 
the  epileptic  condition  have  preceding  sensations  of  a peculiar  kind,  both 
the  sensations  and  the  movements  having  a delinite  connection  with  the 
cortex.  It  is  found  that  the  cortical  region  associated  with  the  motor 
areas  is  associated  not  only  with  movements  but  also  and  particularly 
with  the  sensations  that  are  found  associated  with  the  different  parts  of 
the  body.  Hence  the  sensory  areas  follow  very  definitely  the  motor  areas 
in  the  brain  cortex.  The  Joss  of  movement  that  is  associated  with  the  ex- 
tirpation of  a definite  motor  area  is  partly  due  to  the  loss  of  the  motor  and 
partly  due  to  the  loss  of  the  sensory  elements.  It  is  claimed  by  some 
that  the  motor  loss  is  really  secondary,  the  primary  loss  being  associated 
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with  the  sensory  area.  It  has  been  found  that  the  pyramidal  tract  repre- 
sents an  efferent  pathway  and  lesion  in  connection  with  its  origin  in  the 
cortex  produces  a loss  of  efferency.  The  extirpation  of  a cortical  area  in- 
terferes with  sensation.  Hence  the  relations  that  are  involved  in  the  cor- 
tical area  of  the  cerebrum  represent  not  simple  but  very  complex  func- 
tions and  the  execution  of  even  a simple  voluntary  action  involves  a com- 
plicated process.  Even  if  it  is  taken  for  granted  that  the  cortical  cell  in 
connection  with  the  pyramidal  tract  is  motor  its  motor  action  is  largely 
determined  by  its  intimate  relation  with  the  other  parts  of  the  nervous 
mechanism.  The  sensory  connections  with  the  motor  areas  are  clearly 
brought  out  in  connection  with  the  stimulation  of  the  cortex  in  the  case  of 
the  dog  when  it  is  subjected  to  morphine.  By  the  application  of  a stimu- 
lation reduced  to  its  minimum  there  is  found  to  be  no  motive  action, 
whereas,  if  there  is  an  increase  of  stimulus  contraction  takes  place  in  con- 
nection with  the  muscles.  For  example,  by  stimulating  with  a minimum 
stimulus  the  areas  representing  the  forearm  and  if  this  stimulus  is  ap- 
plied to  the  area  periodically  no  motor  action  is  found,  whereas,  if  the 
skin  is  very  gently  stimulated  at  the  same  time  as  the  minimum  stimulus 
is  applied  a result  will  be  obtained  in  the  form  of  a contraction.  From 
these  facts  we  may  conclude  that  a voluntary  movement  represents  a com- 
plex process,  the  motor  area  in  connection  with  the  efferent  pyramidal 
tract  representing  only  a small  part  of  the  mechanism.  In  the  case  of 
the  removal  of  a motor  area  there  is  the  destruction  of  the  voluntary  and 
reflex  activity  at  least  for  a time.  In  the  case  of  the  removal  of  an  area 
associated  with  motion  there  is  a recovery  more  or  less  complete  after 
some  time  although  there  is  no  renewal  in  connection  with  the  area.  This 
would  seem  to  indicate  that  the  voluntary  action  can  find  a pathway  for 
its  executionin  connection  with  coordination  in  some  other  way.  The  word 
voluntary  as  representing  the  will  has  been  applied  in  the  general  sense. 

H_is  possible  that  an  individual  may  be  brought  into  a certain  condi- 
1 1 ° 11  j involving  wiTTumler  tlTC  influence  Of  hypnosis  in  "which  certai n move- 
ments  are  performed  under  the  Influence  of  the  will  of  another:  We  can- 

not settle  with  our  present  knowledge  of  hypnotic  action  the  action  of  the 
central  nervous  system  in  connection  with  hypnosis.  For  a long  time 
it  has  been  known  that  hypnosis  is  possible  in  the  case  of  some  animals. 
According  to  Kircher  a fowl  can  be  hypnotized  by  putting  its  beak  to  the 
giound  in  front  of  a chalk  line.  It  is  claimed  that  many  animals  are 
hypnotized  by  sudden  action,  for  example,  altering  the  position  of  the 
body.  In  this  hypnotic  condition  attention  is  the  first  requisite  and  the 
ma_V  saic!  to  be  absolute  obedience  to  the  particular  stimulation. 

1 he  form  of  the  stimulation  is  not  of  primary  significance.  Normally 
in  attention  a particular  individual  is  subject  to  a particular  stimulus  and 
not  subject  to  others.  - In  connection  with  hypnotism  there  is  a cerebral 
preoccupation  which  involves  the  extreme  limit  of  preattention.  Hypno- 
tism resembles  sleep  in  some  respects,  as  the  person  under  hypnosis 
seems  to  be  asleep.  Bernheim  claims,  however,  that  in  the  most  perfect 
hypnosis  there  is  no  evidence  of  the  sleep  condition.  In  the  normal 
sleep  condition  there  is  a very  slight  difference  in  excitability,  the  most 
noticeable  being  susceptibility  to  what  are  called  professional  stimuli.  In 
the  case  of  hypnotism  this  excitability  becomes  very  unequal,  one  form  of 
stimulation  having  an  effect  while  others  are  without  effect.  This  is 
evident  from  the  fact  that  the  feeling  depends  upon  the  will  of  the  hypno- 
J his  does  not  mean  that  other  stimuli  had  no  effect  on  the  indivi- 
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dual  during-  the  hypnotic  condition,  because  these  stimuli  do  make  an  im- 
pression. It  has  been  demonstrated  that  a person  when  hypnotized  al- 
though unable  at  the  time  to  see  or  feel  particular  things  could  after  the 
removal  of  the  hypnotic  condition  recall  the  objects  seen  or  the  sounds 
heard.  Hypnotigm_claims  that  a person  in  the  hypnotic  state  can  be  at 
one  and  the  same  time  physiologically  deaf  and  psychically  not  deaf  to  a 
particular  sound.  In  the  case  of  a person  hypnotised  the  individual  be- 
comes purely  automatic,  the  stimulus  in  the  form  of  a suggestion  produ- 
cing in  connection  with  the  cerebral  cortex  an  idea  which  is  subject  to  the 
control  of  the  hypnotist.  This  idea  is  purely  subjective  and  imaginary 
In  connection  with  the  hypnotized  individual  there  is  a characteristic  con- 
dition of  psychic  credulity  which  represents  the  devolution  towards  a more 
primitive  condition  such  as  we  find  in  infancy  in  which  automatic  action  is 
more  evident  than  in  the  normally  developed  individual  in  whom  reflection 
has  been  cultivated  by  means  of  educative  processes.  The  educative  pro- 
cesses of  itself  a suggestion  process  acting  in  connection  with  the  brain 
under  the  influence  of  predisposition  and  preoccupation,  under  the  direc- 
tion of  hereditary  suggestiveness.  In  the  hypnotic  condition  this  sugges- 
tiveness  is  exaggerated  ^ that  the  credulity  becomes'  extreme  and  there 
is  the  evidence  of  an  unquestioning  acquiescence  in  certain  suggestions. 
We  must  take  account  of  the  fact  that  suggestion  has  a greater  force  in 
the  case  of  certain  individuals  who  have  an  exaggerated  cerebral  condition 
tending  towards  passiveness.  Hypnosis^  represenTs~bne~of  the  forms  in 
which  mind  influences  body.  Many'lmch^xaffn  be'fou nd  asso- 

ciated with  mental  attitudes  as  these  have  an  effect  upon  body  conditions, 
as  for  example,  in  the  case  of  imaginary  diseases  where  physiologically 
there  is  no  foundation  for  such  diseases  in  the  body  system. 

The  question  arises  as  to  the  way  in  which  voluntary  impulses  pass 
from  the  brain  to  the  spinal  cord.  Normally  voluntary  movements  are 
carried  out  by  impulses  conveyed  along  the  pyramidal  tract  to  the  spinal 
cord.  In  connection  with  the  dog  the  entire  pyramidal  tract  decussates 
in  connection  with  the  pyramids  and  it  is  found  that  where  the  pyramidal 
tract  is  divided  along  the  spinal  cord  there  is  a loss  of  voluntary  motion 
associated  with  the  same  side  of  the  body  below  the  point  of  division.  It 
has  been  found  that  by  dividing  the  cord  in  one  lateral  half  there  is  a loss 
of  voluntary  motion  in  the  case  of  the  parts  of  the  body  supplied  beneath 
the  point  of  division.  In  connection  with  the  loss  of  voluntary  motion 
there  is  also  an  interference  with  sensations  and  a possible  interference 
with  voluntary  movements  to  a slight  extent  on  the  other  side  in  connec- 
tion with  the  crossed  fibres.  Itytfie  case  of  the  intact  nervous  system  volun- 
tary motion  takes  place  therefprejFrom  the  cortex  in  connection  with  the 
impulses  that  pass  down  the  pyramidal  tract  to  the  motor  regions  of  the 
cord  and  pass  out  along  the  motor  fibres.  The  pyramidal  tracts  are  found 
to  occupy  in  the  human  subject  a much  more  prominent  position  than  in 
thi'  case  of  the  dog  and  other  lower  animals  so  that  it  may  be  inferred 
that  the  pyramidal  tract  represents  the  pathway  for  voluntary  impulses 
to  the  spinal  cord  and  peripheral  extremities.  In  connection  with  the 
pyramidal  tract  it  is  found  that  in  the  upper  parts  of  the  cord  there  is 
onlv  a partial  crossing  in  the  human  subject,  a number  of  fibres  going 
straight  down  and  crossing  in  connection  with  the  cervical  and  upper  dor- 
ral  regions.  Hence  in  the  case  of  hemisection  in  the  cervical  region  there 
would  be  an  interference  with  voluntary  movements  on  the  one  side  and 
also  a partial  interference  on  the  other  side. 


THIS  BKAIN. 


644 


centers  in  connection  with  the  brain. — As  we  have  seen  the  cord 
represents  the  centers  of  reflex  action  but  in  the  medulla  we  find  also  re- 
flex centers,  as  for  example,  simple  reflex  centers  that  are  associated  with 
the  closing- of  the  eyelids.  We  find  other  centers  which  exercise  a con- 
trol over  the  lower  centers  in  the  cord  as  the  main  vaso-motor  center,  the 
centers  connected  with  sweat  secretion  and  the  dilatation  of  the  pupils  of 
the  eye  as  well  as  the  center  of  combination  in  connection  with  the  reflex 
movements  of  the  body.  There  are  also  found  in  the  medulla  automatic 
centers.  In  the  medulla  the  center  function  is  dependent  upon  blood 
conditions  in  connection  with  the  circulation  of  the  blood  and  the  exchange 
of  g-ases.  By  the  introduction  of  this  interchang-e  there  may  be  produced 
an  excitation  of  these  centers  resulting  in  paralysis  due  to  hyper-stimula- 
tion. A similar  stimulus  may  be  exerted  by  an  excessive  increase  of 
temperature.  The  centers  do  not  act  at  the  same  time  and  they  are  not 
all  subject  to  the  same  excitability.  There  are  two  centers  at  least  in 
the  medulla  that  are  constantly  active,  this  activity” taking  the  form  of 
rhvthmic  action,  namely,  the  respiratory  and  vaso-motor  centers.  The 
card  io-i ri h ibi tor y center  in  connection  with  the  heart,  at  least  in  some 
animals,  remains  in  a condition  of  non-excitability,  while  in  other  animals 
it  is  normally  slightly  stimulated  during  the  inspiratory  period  of  the  re- 
spiratory cycle  along  with  the  respiratory  center.  The  convulsive  cen- 
ter remains  quiescent  normally,  only  an  abnormal  stimulus  arousing  it 
to  activity.  It  is  thus  the  characteristic  of  the  medulla  that  in  it  we  find 


a combination  of  centers  which  are  at  the  basis  of  the  ordinary  animal 
functions  of  the  body.  (1)  The  most  important  of  the  reflex  centers 
that  are  found  associated  with  the  medulla  are  connected  with  coordina- 
tion of  movement.  The  center  that  is  associated  with  the  closing  of  the 
eyelids  isone,  theafferent  nerves  being  found  in  connection  with  the  sensory 
branches  of  the  fifth  nerve  which  bear  impulses  to  the  medulla,  from 
which  center  they  are  passed  to  the  center  that  is  associated  with  the 
facial  nerve  through  whose  branches  the  efferent  impulses  are  carried, 
d his  center  is  supposed  to  be  located  towards  the  posterior  portion  of  the 
pons  Varolii.  The  reflex  action  of  this  center  acts  on  both  sides  of  the 
body  but  this  may  be  controlled  by  voluntary  action  as  in  the  case  of  the 
winking  one  eye.  If  there  is  a strong  stimulation  the  muscles  associated 
with  the  nose  and  cheek  may  also  contract  in  connection  with  the  eyelids 
as  a mdans  of  protecting  the  eyes  more  perfectly.  Inconnection  with  the 
center  of  sneezing  we  find  theafferent  path  in  the  nasal  branches  of  the  tri- 
geminal and  olfactory  nerves,  the  efferentnerve  paths  being  foundinconnec- 
tion  with  the  expiratory  muscles.  The  act  of  sneezing  is  an  involuntary 
act,  it  may,  however,  be  inhibited  in  connection  with  pressure  upon  the  nasal 
nerve.  We  find  the  center  for  coughing  slightly  above  the  inspiratory 
center,  the  afferent  nerve  being  found  in  connection  with  the  vagi  and  the 
efferent  nerves  in  connection  with  those  of  expiration  and  the  closure  of 
the  glottis.  The  center  of  sucking  has  as  its  afferent  nerves  the  sensory 
branches  of  the  trigeminal  and  glosso-pharyngeal  and  the  efferent  in  con- 
nection with  the  facial,  the  hypoglossal  and  the  inferior  maxillary  branch 
ol  the  trigeminal.  The  mastication  center  is  the  same  and  has  the  same 
ikm  ves,  the  only  difference  being  that  the  hypoglossal  in  connection  with 
the.  tongue  and  the  facial  in  connection  with  the  buccal  muscles  are 
brought  into  play  when  the  food  is  passed  into  the  dental  arch.  We  find 
the  center  of  saliva!  secretion  in  connection  with  the  floor  of  the  fourth 
ventrical.  By  stimulating  the  medulla  there  is  produced  a largely  in- 
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creased  salival  flow,  provided  the  chorda  tympani  and  the  glosso-pharvn- 
iteal  are  not  divided,  if  the  cervical  sympathetic  is  destroyed  secretion  is 
destroyed.  1 he  center  of  deglutition  is  found  in  connection  with  the 
floor  of  the  fourth  ventrical,  the  afferent  nerves  being  found  in  the 
)i  ant  lies  of  the  trigeminal,  the  glosso-pharyngeal  and  the  vagi,  while  the 
effeient  paths  are  found  in  the  motor  fibres  in  connection  with  the  nhar- 
vng-eal  plexus.  If  the  glosso-pharyngeal  is  stimulated  the  process  of  de- 
glutiou  is  inhibited.  The  result  of  this  is  that  by  stimulating  the  nerves 
in  connection  with  the  palate  there  is  a contraction  of  the  diaphragm  that 
results  in  rendering  the  deglutition  impossible.  It  is  claimed  by  some  that 
during  the  deglutition  process  there  is  always  a weak  stimulation  of  the  re- 
spiratory center,  so  that  at  every  attempt  to  swallow  there  is  a diaphragm 
cent) action.  It  is  also  claimed  that  there  is  an  interference  with  the 
cardio-inhibitory  center  producing  an  increased  activity  on  the  part  of  the 
leuit.  'lhe  vomiting  center  is  found  in  the  medulla  in  connection  with 
the  terminal  of  cei  tain  branches  ol  the  vagi.  The  main  center  in  connec- 
tion with  the  dilatation  of  the  pupils  of  the  eye  and  the  eyelids  themselves 
is  found  in  the  medulla.  The  nerves  are  found  in  connection  with  the  tri- 
geminal and  also  in  the  lateral  column  of  the  spinal  cord,  passing  to  the 
cilio-spinal  center,  from  which  they  pass  out  along  the  the  two  last  cervi- 
cal and  first  dorsal  nerves  into' the  cervical  sympathetic.  We  find  in  the 
medulla  a center  of  reflex  action  whose  function  seems  to  be  to  coordinate 
the  action  of  the  different  centers  in  the  spinal  cord.  In  connection  with 
the  division  of  the  medulla  above  the  calamus  scriptorius  it,  has  been  found 
that  the  body  movements  are  not  interfered  with  while  by  division  near- 
er to  the  calamus  the  reflex  action  of  the  body  extremities  is  interfered 
with.  This  center  is  supposed  to  be  located  in  the  lowest  part  of  the 
medulla.  On  the  analogy  of  the  lower  animals  like  the  frog  it  is  claimed 
that  the  medulla  is  the  general  center  in  connection  with  locomotor 
movements,  these  locomotive  movements  being  lost  if  the  medulla  is 
divided. 


In  the  medulla  we  find  the  center  of  respiration.  Respiration  invol- 
ves the  coordination  involuntarily  of  a large  number  of  actions,  the  coordin- 
ated action  being  executed  by  the  voluntary  mU'SCl'esT  Tfie  respiration 
is  automatic  as  it  is  continued  in  sleep  and  during  unconsciousness  and 
may  be  still  continued  if  a certain  part  of  the  medulla  is  not  interfered 
with.  This  coordination  of  impulses  takes  place  in  connection  with  the 
medullary  respiratory  center,  the  impulses  being  sent  out  along  the 
nerves  which  supply  the  muscles  of  respiration.  If  the  spinal  cord  is 
divided  beneath  the  level  of  the  fifth  cervical  intercostal  respiration  is  de- 
stroyed; if  the  cord  is  divided  just  beneath  the  medulla  diaphragm  action 
is  also  destroyed  because  of  cutting  off  the  phrenic  nerve  impulses,  but 
there  is  still  continued  themovements  associated  with  the  muscles  supplied 
by  the  seventh  and  vagi  nerves.  The  respiratory  center  is  found  in  the 
medulla  close  to  to  the  origin  of  the  vagi  on  both  sides  of  the  median  line 
close  to  the  calamus  scriptorius  near  the  origin  of  the  vagi  and  spinal  ac- 
cessory. The  actions  of  this  center  we  discussed  in  connection  with 
respiration.  Some  claim  that  there  is  a center  of  inspiration  in  connec- 
tion with  the  optic  thalamus  receiving  its  stimulus  through  the  optic  and 
auditor)'  nerves,  the  stimulation  passing  through  it  along  these  nerves 
accelerating  inspiratory  action.  Along  with  this  there  is  claimed  to  be 
found  an  expiratory  center  in  the  anterior  bodies  of  the  corpora  quadri- 
gemina  and  another  inspiratory  center  in  the  posterior  bodies  of  the  cor- 
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pora  quadrigemina,  these  three  centers  being-  closely  connected  with  the 
medullary  centers.  In  the  respii*atory  center  we  find  impulses  that  are 
claimed  to  be  derived  from  subsidiary  cerebral  respiratory  centers,  as  for 
example,  in  connection  with  the  corpus  striatum  and  the  optic  thalamus. 
Other  centers  have  been  supposed  to  exist  in  connection  with  such  condi- 
tions as  apnoea  and  dyspnoea  but  these  have  not  been  as  yet  absloutely 
localized.  The  cardio-inhibitory  centers  are  also  found  in  connection  with 
the  medulla.  By  the  stimulation  of  the  vagi  nerves  there  is  a diminution 
of  cardiac  action;  if  the  stimulation  is  strong-  the  cardiac  arrest  takes 
place  in  diastole.  The  impulses  that  pass  along-  the  vagi  are  derived 
from  the  spinal  accessory  and  are  associaoed  with  the  medullary  center. 
The  stimuli  of  the  vag-i  are  associated  with  the  cardio-automatic  rhythm 
and  also  with  the  contractile  force  of  the  heart  particularly  of  the  auricles 
of  the  heart.  This  center  may  be  stimulated  directly  in  connection  with 
the  medulla  and  also  by  the  stimulation  of  afferent  nerves.  It  is  claimed 
by  some  that  the  center  is  normally  in  a condition  of  tonic  stimulation,  so 
that  there  is  being-  sent  out  from  this  center  continuously  inhibitory  im- 
pulses that  keep  the  heart  in  a tonic  inhibitory  condition.  Bernstein 
claims  that  this  tonicity  of  impulse  takes  place  reflexly  in  connection  with 
the  cervical  and  abdominal  sympathetics.  Stimulation  of  this  center  may 
take  place  directly  in  connection  with  the  same  stimuli  as  affect  the  cen- 
ter of  respiration.  By  the  sudden  production  of  an  anaemic  condition  of 
the  medulla,  if  the  vag-i  are  not  divided,  there  is  produced  a suspension 
and  in  some  cases  the  destruction  of  the  heart  activity.  The  increase  in 
the  velocity  of  the  blood  produced  either  by  the  artificial  introduction  of 
vitiated  air  into  the  lung's  or  by  the  artificial  destruction  of  respiration 
also  stimulates  the  center.  Similar  stimulation  may  take  place  in  connec- 
tion with  the  excitation  of  the  respiratory  center  or  the  increased  blood 
pressure  of  the  arteries  and  veins.  Reflex  stimulation  may  take  place 
through  the  sensory  nerves,  as  for  example,  the  infra-orbital,  the  stimula- 
tion of  the  vag-us  and  by  the  stimulation  of  the  sensory  nerve  in  connec- 
tion with  the  abdomen  or  the  intestines.  Goltz  by  tapping-  on  the  intes- 
tines with  his  scalpel  handle  produced  a stimulation  sufficiently  strong- 
to  produce  a slowing-  of  the  heart  action  in  the  frog.  By  stimulating  the 
vagus  trunk  at  any  point  along  its  pathway  away  from  the  center  the 
heart  may  be  slowed  or  its  action  arrested  altogether  in  diastole.  We 
find  a center  probably  associated  with  acceleration  of  .he  heart  action  in 
connection  with  the  medulla.  The  nerve  fibres  orig-inating  in  this  center 
pass  along  the  spinal  cord,  leaving  the  cord  in  connection  with  the  upper 
dorsal  nerves  and  entering  the  sympathetics.  It  is  known  that  some  of 
these  nerves  after  leaving  the  spinal  cord  go  through  the  first  thoracic 
ganglion  and  the  Vieussens  circle  uniting  with  the  cardiac  plexus.  These 
accelerating  fibres  at  least  in  the  dog  pass  from  the  cord  in  connection 
with  the  anterior  roots  of  the  second  and  third  thoracic  nerves,  possibly 
also  the  fourth  and  fifth,  passing  by  the  rami  communicantes  to  the  second 
thoracic  and  first  thoracic  ganglia,  thence  passing  through  the  circle  of 
v icussens  to  the  inferior  cervical  ganglia;  thence  they  pass  along  the 
fibies  in  connection  with  the  inferior  cervical  ganglion  orthosearising 
fiom  one  part  of  the  annulus  of  Vieussens.  At  this  point  the  fibres  are 
non-medullated  and  as  they  are  medullated  before  they  pass  into  the  sym- 
pathetic ganglia  it  is  possible  that  they  lose  their  mcdullation  as  they  pass 
into  the  multipolar  cells  of  these  ganglia,  continuing  to  pass  from  thegan- 
g ia  to  the  heart  as  non-medullated  fibres.  Bv  stimulating  these  nerve 
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hbies  the  heart  action  is  increased  and  also  its  force  so  that  it  is  claimed 
by  some  that  the  impulses  emanating  from  the  center  in  the  medulla  are 
both  accelerator  of  action  and  augmentor  of  force.  This  center  of  accel- 
eration is  not  in  a normal  condition  of  tonic  excitation  as  the  division  of 
the  accelerating  nerve  does  not  produce  the  slowing  of  the  heart  and  the 
destiuction  of  the  medulla  or  of  the  cervical  region  of  the  spinal  cord  does 
not  produce  the  slowing  of  heart  action.  In  the  case  of  the  division  of  the 
spinal  cord  in  the  cervical  region  there  must  be  a division  previously  of 
the  splanchnic  nerves  so  as  to  counteract  the  action  in  connection  with  the 
heai  t ai  ising  from  the  great  fall  in  the  blood  pressure  produced  by  the 
destruction  of  the  cord. 


One  of  the  most  important  of  the  centers  that  we  find  in  connection 
with  the  spinal  cord  is  the  vaso-motor  center  which  regulates  the  motor 
activity  of  the  unstriped  muscles  in  the  arterial  system.  It  is  found  that 
this  centei  extends  from  the  upper  part  of  the  medullary  floor  towards 
the  calamus  scriptorius,  the  center  lying  on  both  sides  of  the  median  line, 
each  half  of  the  body  having  its  own  particular  center.  By  stimulating 
this  center  there  is  a resulting  contraction  in  the  case  of  all  the  arteries 
producing  an  increase  of  blood  pressure  in  the  arteries  and  the  dilatation 
of  the  veins.  If  this  center  is  paralyzed  the  arteries  become  dilated  pro- 
ducing a decided  fall  in  the  arterial  blood  pressure.  The  vaso-motor 
center  is  normally  in  a condition  of  continuous  tonic  stimulation.  Bv 
dividing  the  brain  from  above  downward  in  cross  sections  it  is  found  that 
the  reflex  action  is  not  affected  until  approaching  near  to  the  upper  part 
of  the  medulla.  By  continuing  the  cross  section  into  the  medulla  the  re- 
flex rise  in  blood  pressure  becomes  less  until  it  reaches  the  point  where 
the  effect  on  the  blood  pressure  is  destroyed.  In  connection  with-  the 
stimulation  of  the  center  it  is  important  to  consider  the  quantitv  and 
quality  of  the  gases  associated  with  the  blood  as  it  flows  through  the 
brain.  In  an  apnoeic  condition  there  is  a slight  stimulation  of  this  center. 
In  the  normal  condition  of  the  blood  the  center  is  slightly  stimulated.  If 
the  blood  becomes  excessively  venous  there  is  a strong  stimulation  of  the 
center  resulting  in  the  strong  contraction  of  the  arteries  of  the  body, 

1 he  same  result  is  found  in  connection  with  the  ligature  of  the  carotid 
and  subclavian  arteries  producing  an  anaemic  condition  of  the  medulla. 
In  the  post-mortem  condition  the  increased  blood  venositv  stimulates 
strongly  the  vaso-motor  center  producing  contraction  of  the  arteries 
and  thereby  throwing  the  blood  out  of  the  arterial  system.  In  addition  to 
the  main  centers  of  vaso-motion  in  the  medulla  there  are  subordinate  vaso- 
motor centers  in  the  gray  matter  of  the  spinal  cord.  These  subordinate 
centers  act  under  the  influence  of  the  main  center  in  the  medulla;  these 
may  be  stimulated  directly  by  the  blood  in  a dyspnoeic  condition.  When 
the  medulla  is  destroyed  it  is  found  that  in  the  frog  reflex  action  takes 
place  in  the  arteries  of  the  foot  by  the  stimulation  of  the  sensory  nerves 
of  the  leg.  There  is  found  in  the  dog  opposite  to  the  third  and  sixth  dor- 
sal a spinal  vaso-motor  center  which  can  be  stimulated  reflexly;  a similar 
vaso-motor  center  has  been  found  in  the  lower  part  of  the  spinal  cord. 
The  vaso-motor  center  in  the  medulla  is  also  affected  by  cerebral  action 
as  is  evident  in  connection  with  the  psychic  condition  of  fright.  It  is 
claimed  by  some  that  there  is  a center  in  the  cerebral  gray  matter  which 
upon  stimulation  produces  a cooling  of  the  opposite  side  of  the  body.  In 
the  medulla  we  find  the  center  of  convulsions  at  the  point  where  it  unites 
with  the  pons.  This  center  may  be  stimulated  by  causing  an  exceeding- 
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ly  venous  blood  condition  as  in  the  case  of  asphyxia  by  the  sudden  pro- 
duction of  an  anaemic  condition  of  the  medulla,  as  in  the  case  of  ligature 
of  the  carotid  and  subclavian.  In  these  cases  the  center  is  stimulated  by 
the  interference  with  the  normal  respiratory  interchange  of  gases  resul- 
ting in  convulsions.  If  these  same  changes  take  place  gradually  death 
may  result  from  the  depleted  condition  of  the  blood  without  any  spasms. 
Another  center  is  the  sweat  center  which  has  subordinate  centers  in  con- 
nection with  the  spinal  cord.  Although  it  cannot  be  very  definitely  local- 
ized it  is  claimed  that  it  exists  on  the  two  sides  of  the  brain  and  in  some 
cases  it  may  be  found  that  there  is  not  equal  excitability  on  the  two  sides, 
the  perspiration  on  one  side  being  more  profuse  than  the  perspiration  on 
the  other  side. 

In  connection  with  the  cerebral  hemispheres  we  have  already  seen 
the  way  in  which  the  motor  areas  have  been  mapped  out,  these  areas  be- 
ing first  discovered  by  investigations  in  connection  with  the  lower  animals 
including  the  monkey.  Clinical  and  pathological  investigations  have 
shown  that  similar  areas  may  be  found  in  connection  with  the  human  sub- 
ject, those  areas  being  found  in  connection  with  the  region  around  the  fis- 
sure of  Rolando.  These  areas  are  localized  in  the  central  convolutions 
induing  the  ascending  frontal  and  parietal  convolutions,  the  superior 
parietal  lobule  and  the  mesial  surface  of  the  hemispheres  together  with 
the  paracentral  lobule.  In  this  area  the  upper  third  of  the  ascending 
frontal  and  parietal  convolutions  and  the  superior  parietal  represent  the 
leg  region,  the  middle  third  of  the  ascending  parietal  and  frontal  repre- 
sent the  arm  region.  The  upper  part  of  the  lower  third  in  connection 
with  these  same  convolutions  represents  the  face  region;  and  the  lowest 
part  of  the  ascending  frontal  convolution  the  lip  and  tongue  region.  The 
head  area  is  found  in  connection  with  part  of  the  frontal  lobe  from  the 
hemisphere  margin  to  the  area  of  the  face  anteriorly  bounded  by  a non- 
localized  portion  of  the  frontal  lobe.  In  connection  with  the  sensory  cor- 
tical centers  much  discussion  has  taken  place  as  to  whether  these  can  be 
definitely  localized  or  not.  The  results  that  have  been  reached  on  the 
basis  of  the  investigations  of  Munk  may  be  summarized  as  follows;  the 
visual  region  is  found  in  connection  with  the  outer  convex  portion  of  the 
occipital  lobe  in  the  case  of  .the  brain  of  the  monkey.  It  is  probable  that 
it  also  includes  the  mesial  part  of  the  occipital  lobe  including  the  cuneus. 
Schaefer  claims  that  the  visual  area  in  the  case  of  the  monkey  includes  the 
entire  occipital  lobe  and  probably  a part  of  the  angular  gyrus.  Accor- 
ding to  Ferrier  this  center  is  associated  with  both  the  angular  gyri  and 
the  occipital  lobes  called  by  him  the  occipito-ang'ular  region.  The  audi- 
tory area  in  the  case  of  the  dog  according  to  Ferrier  and  Munk  is  found 
in  the  second  primary  convolution  and  in  the  monkey  and  the  human  sub- 
ject in  the  temporo-sphenoidal  gyrus.  The  extirpation  of  this  entire 
region  produces  deafness  in  the  opposite  ear  and  the  destruction  of  the 
middle  portion  psychic  deafness.  The  olfactory  center  is  supposed  to  be 
located  in  the  hippocampal  region  at  the  lower  extremity  of  the  temporal 
lobe.  The  taste  center  according  to  Ferrier  is  localized  beside  the  ol- 
factory center.  According  to  Ferrier  the  center  for  the  tactile  sensa- 
tions is  found  in  the  hippocampal  region  close  to  the  point  where  the  pos- 
terior cerebral  artery  is  distributed. 

1 he  centei  of  pain  is  supposed  to  be  diffused  over  different  regions  of 
the  brain.  The  sensory  center  in  connection  with  the  limbs  is  supposed 
to  be  localized  in  the  hippocampal  and  fornicate  convolutions.  Munk  be- 
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lioycs  that  the  surfaces  of  the  cerebrum  in  connection  with  the  motor  cen- 
ters act  simultaneously  as  sensory  centers  in  connection  with  the  tactile 
and  muscular  sensations  on  the  opposite  side  of  the  body.  The  thermal 
t enters  according-  to  Landois  are  said  to  be  associated  with  an  area  in 
which  is  found  the  motor  centers  of  the  muscles  of  the  fore  and  hind 
limbs.  The  areas  in  connection  with  these  limbs  are  separate,  that  of  the 
tore-limb  being-  anterior  to  the  crucial  sulcus  and  the  posterior  limb 
area  being-  at  the  end  of  this  same  sulcus  laterally.  It  was  found  that  fav 
the  extirpation  of  theis  region  there  was  a temperature  increase  varying 
considerably,  the  rise  in  temperature  continuing  in  different  cases  for  a 
longer  and  shorter  time.  In  connection  with  injuries  to  the  fore  brain 
there  is  not  found  to  be  any  effect  in  connection  with  temperature.  Bv 
puncturing  the  brain  of  the  rabbit  and  forcing  into  it  through  the  gray 
and  white  matter  and  into  the  corpus  striatum  a probe,  there  is  found  to 
be  a sudden  rise  in  temperature.  While  the  injury  of  the  gray  matter 
on  the  cortical  surface  does  not  affect  the  temperature  the  "puncture  of 
the  corpus  striatum  is  found  to  produce  a rise  in  temperature,  at  least 
aftei  some  time,  this  inciease  in  temperature  being  produced  more  quick- 
ly as  the  puncture  approaches  near  to  the  base  of  the  brain.  Hence  it  is 
claimed  that  the  main  center  in  connection  with  temperature  is  to  be 
localized  in  connection  with  the  corpus  striatum. 

SECTION  VII.  The  Nervous  System  as  a Whole. 

The  mass  .of  the  nervous  system  changes  with  age  and  certain  other 
conditions,  these  modifications  taking  place  in  connection  with  the  entire 
nervous  system,  having  an  important  bearing  upon  the  functions  not  only 
of  the  entire  system  but  also  of  its  parts.  We  take  it  for  granted  tha't 
the  different  parts  of  the  nervous  system  possess  a certain  degree  of 
functional  activity,  but  there  is  a modification  of  this  differentiated  func- 
tional activity  when  all  the  different  elements  of  the  nervous  system  are 
combined  together.  Along  with  this  general  change  there  'are  found 
other  changes  in  the  relations  of  the  different  parts  to  each  other,  these 
variations  producing  the  characteristics  that  are  found  associated  with 
the  different  stages  of  life.  The  specialization  of  function  is  so  entirely 
dependent  upon  form,  especially  iff  connection  with  the  nutriment  of  the 
entire  nervous  system,  that  changes  involve  a complete  change  in  nerve 
activity.  Any  variation  that  is  found  in  the  nutrition  of  the  nervous  sys- 
tem has  a modifying  effect  upon  the  action  and  interaction  of  the  differ- 
ent parts  in  their  relations  to  one  another.  In  the  central  nervous  sys- 
tem the  cells  in  themselves  regarded  as  cell  bodies  represent  the  smaller 
proportion  by  weight,  the  neura  and  the  other  tissue  substance  of  the  sys- 
tem representing  about  90  percent.  In  addition  to  the  cells  and  the 
nerves  we  find  vessels  for  the  conveyance  of  blood  and  lymph  and  also  the 
supporting  tissues,  these  representing  the  mass  usually  estimated  about 
equal  to  the  mass  of  the  cell  bodies.  The  weight  of  the  brain  will  in- 
clude the  weight  of  all  of  these  different  constituent  parts.  Sometimes 
the  brain  is  weighed  without  the  blood  when  it  is  cut  up  into  sections. 

In  other  cases  the  brain  is  weighed  with  the  blood.  Sometimes  the  pia 
mater  is  also  eliminated  before  weighing  the  brain,  the  pia  averaging  in 
weight  from  40  to  00  grams  according  to  Broca,  the  weight  varying  nor- 
mally with  the  age.  There  is  also  a proportion  of  water  varying  from 
about  70  percent  in  the  white  matter  to  80  percent  in  the  gray  matter. 
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The  specificc  gravity  of  the  entire  brain  is  estimated  at  1,036  with  a slight 
variation  between  the  male  and  the  female,  there  being-  a variation  also  in 
the  different  layers  increasing-  from  the  outer  surface  inwards.  The 
variation  in  weight  depends  therefore  somewhat  upon  the  chang-es  in  the 
different  elements  constituting-  the  tissue.  The  complete  brain  weig'ht 
will  represent  according-  to  this  the  tissues  themselves  tog-ether 
with  vessels,  blood  and  lymph.  Among-  individuals  we  find  variations 
which  depend  entirely  on  the  chang-es  in  the  nerve  cells,  the  larg-er  the 
mass  as  a whole  representing-  larg-er  cells  and  consequently  a larg-er 
amount  of  substance  within  the  cells  subject  to  chemical  chang-es  such  as 
produce  the  chang-es  in  energy.  There  may  be  also  a variation  in  the 
nerve  fibres  representing-  an  enlargement  or  diminution  of  the  pathway 
along-  which  impulses  may  travel. 

By  the  brain  is  meant  that  mass  of  the  nervous  system  which  is  con- 
tained within  the  cranium.  It  is  usually  weighed  after  being-  drained  o.f 
its  fluids,  the  pia  mater  being-  allowed  to  remain  in  connection  with  the 
brain  substance.  According-  to  anthropology  there  are  said  to  be  five  dif- 
ferent standards  of  the  brain  found  among-  different  individuals.  The 
smallest  is  estimated  from  about  300  to  1,000  grams  in  the  male  and  from 
280  to  900  in  the  female;  the  small  brain  in  the  male  is  about  1,001,  to 
1,250  and  in  the  female  from  901  to  1,150  grams;  the  medium  in  the  male 
is  about  1,251  to  1,450  and  in  the  female  from  1,151  to  1,350;  the  large  brain 
is  in  the  male  from  1,451  to  1,700  and  in  the  female  from  1,351  to  1,500;  the 
larg-est  brain  is  reckoned  in  the  male  from  1,701  to  1,925  and  in  the  female 
from  1,501  to  1,745.  The  ordinary  adult  brain  is  represented  by  the 
medium  size.  In  the  different  races  we  find  great  differences  in  the  size 
of  the  brain,  in  the  lower  l'aces  of  people  the  smaller  brain  being-  found. 
Even  among-  the  same  races  there  are  differences  depending-  upon  ag-e,  sex, 
stature  and  size.  From  20  to  40  years  of  ag-e  represents  the  averag-e  adult 
size  of  the  brain,  the  male  bi*ain  being-  always  heavier  than  that  of  the 
female,  the  variation  being-  from  about  125  to  185  grams  at  different  ages 
and  in  different  body  sizes.  Among  those  of  the  same  sex  and  ag-e  those 
of  larger  stature  generally  have  a larger  brain,  the  weight  increasing  to 
about  40  years  of  age  and  thereafter  gradually  diminishing,  the  devolu- 
tion changes  being  more  marked  after  about  70  years  of  age.  The  same 
changes  are  not  found  in  connection  with  the  body  weight,  at  least  so  con- 
stantly, perhaps  chiefly  because  of  the  large  proportion  found  in  larger 
bodies.  In  general  it  may  be  said  that  heavier  individuals  have  a larger 
nervous  system.  The  change  in  weight  found  in  connection  with  old  age 
is  probably  due  to  the  general  decrease  in  nervous  activity  resulting  in 
more  or  less  of  atrophy  in  connection  with  the  nervous  system  as  a whole. 
In  the  changes  found  in  persons  of  larger  stature  the  difference  is  proba- 
bly due  to  the  increase  in  the  size  of  the  cells  and  of  the  nerve  elements. 

he  same  thing  is  probably  true  in  regard  to  the  differences  between 
the  sexes,  the  individual  cell  elements  being  found  to  be  larger  in  the 
male.  rl  hese  differences  do  not  depend  upon  functional  activity  as  we 
find  the  same  differences  between  the  brains  in  the  two  sexes  in  the  lower 
iaces,  in  which  the  intelligence  and  brain  activity  are  at  their  lowest. 

he  same  thing  is  found  in  the  case  of  the  lower  mammals.  This  seems 
to  indicate  that  the  difference  is  due  to  the  size  of  the  nerve  elements 
lathei  than  to  an  increase  in  the  number  of  those  elements.  In  the  com- 
pel ison  between  the  brains  of  those  occupying  the  lower  strata  of  society 
and  those  of  eminence  in  the  social  and  intellectual  world  it  is  found  that 
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on  an -average  the  latter  have  heavier  brains  and  yet  among  those  who  have 
held  positions  of  eminence  in  the  social  and  intellectual  scale  there  are 
found  great  variations  in  the  weight  of  the  brain,  indicating  that  a la  ore 
bi  am  weight  does  not  necessarily  imply  a high  degree  of  mental  capacity. 
1 he  observations  made  by  Manouvrier  in  connection  with  the  brains  of 
criminals  and  insane  persons  indicate  that  there  are  usually  among  these 
classes  to  be  found  brains  of  lesser  size.  There  are  also  found,  however 
diirei  ences  among  the  insane,  depending  upon  the  character  of  the  insan- 
ity. In  connection  with  the  insane  an  important  point  of  consideration  is  the 
disease  with  which  the  insanity  is  associated,  where  there  are  congested 
conditions  the  brain  weight  being  greater  and  where  there  are  destruc- 
tive variations  the  weight  is  smaller. 

In  regard  to  the  spinal  cord  very  few  observations  have  been  made, 
the  avei  age  weight  in  cases  subjected  to  experiment  giving  a variation  in 
the  case  of  the  cord  without  the  nerve  roots  but  including  the  pia  mater 
of  24  to  34  grams.  In  the  central  nervous  system  we  find  normallv  a sym- 
metry in  the  two  halves  of  the  system  that  is  called  bilateral.  This,  how- 
evei  is  subject  to  exception,  namely,  that  from  a physiological  standpoint 
the  central  nervous  system  is  one  sided,  although  from  a structural  stand- 
point it  is  bi-lateral.  In  nearly  all  the  cases  reported  there  is  found  to 
be  a variation  in  weight  between  the  right  and  left  hemispheres.  The 
same  absence  of  symmetry  is  said  to  exist  in  other  parts  of  the  brain, 
for  example,  in  the  cerebellum,  in  which  it  is  said  that  the  molecular  layer 
is  thicker  on  the  left  than  on  the  right  side.  These  variations  are  ex- 
plained by  some  in  connection  with  the  blood  supply.  The  left  carotid 
furnishes  a more  pex'fect  supply  of  blood  to  the  left  hemisphere  than  the 
right  carotid  to  the  right  hemisphere  and  this  would  provide  a stronger 
nutritive  influence  in  connection  with  the  left  hemisphere.  This  may 
account  for  the  greater  development  on  the  left  side,  but  as  yet  nothing 
has  been  formulated  of  a definite  character  by  physiologists. 

The  brain  and  the  spinal  cord  pass  through  many  changes  from  the 
period  of  birth  up  to  maturity,  these  growth  changes  representing  inter- 
esting developments  in  connection  with  the  central  nervous  system.  In 
the  cases  reported  by  Vierordt  the  weight  of  the  male  brain  after  birth  is 
381  grams  and  of  the  female  384  grams;  after  the  first  }rear  in  all  the  re- 
ported cases  the  male  brain  exceeds  that  of  the  female  brain  in  weight 
with  an  exception  found  by  him  in  connection  with  7 cases  about  the 
14th  year  when  the  female  brain  represented  a greater  weight  than  that 
of  the  male,  the  female  development  at  this  stage  being  abnormal.  In  all 
Vierordt  examined  839  cases.  From  these  records,  we  find  that  at  birth 
the  brain  weight  is  about  one-fourth  of  its  weight  at  maturity.  It  in- 
creases in  weight  very  rapidly  during  the  first  year,  the  increase  being 
gradual  from  the  first  to  the  eighth  year  after  which  it  is  very  slow.  This 
early  growth  may  be  associated  in  some  way  with  the  fact  that  the  cranial 
bones  are  as  yet  not  fully  connected  so  that  there  is  a freer  capacity  of 
brain  growth.  In  some  cases  about  the  15th  year  in  the  male  and  the  14th 
in  the  female  there  was  found  by  Vierordt  an  abnormal  development  of 
the  brain;  if  this  development  is  too  great  it  produces  death  or  at  least  it 
is  found  associated  with  death  at  this  age.  These  reported  cases  of 
Vierordt  are  all  hospital  cases  and  it  must  be  remembered  that  these 
represent  individuals  not  of  the  normal  upper  or  middle  classes  but  rather 
those  of  the  lower  classes;  hence  it  has  been  inferred  that  conditions  and 
circumstances  associated  with  the  life  condition  in  societv  have  mu;';  to 
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do  with  brain  growth;  this  same  point  it  is  claimed  applies  to  cases  of 
senile  brain  atrophy.  The  point  however  to  be  noted  in  connection  with 
the  reported  cases  is  the  general  development  up  to  a certain  point  after 
which  maturity  continues  for  a lengthened  period  when  decay  and  degen- 
eration set  in.  According  to  the  older  physiologists  the  male  child  at 
birth  has  a heavier  brain  than  the  female.  This  however  is  contradicted 
by  later  investigations  which  indicate  that  the  female  brain  is  larger  at 
birth  or  nearly  equal  to  the  male,  the  difference  in  weight  arising  later  in 
connection  with  the  brain  development.  The  development  of  the  brain 
differs  from  that  of  the  body  in  that  the  former  is  more  rapid,  this  brain 
development  being  usually  almost  complete  before  the  9th  year.  At  this 
period  the  body  has  not  attained  more  than  one-third  of  the  adult  body 
size.  This  indicates  that  the  brain  and  body  development  do  not  go  side 
by  side,  for  at  birth  the  brain  represents  a little  more  than  one  eighth  of 
the  body  weight,  whereas,  in  the  adult  life  the  brain  represents  less  than 
one  fiftieth  of  the  body  weight.  This  change  is  due  largely  to  the  large 
muscle  growth  in  connection  with  the  adult  life.  From  the  standpoint  of 
embryology  it  is  pointed  out  that  the  increase  in  the  number  of  nerve 
cells  ceases  after  the  third  month  of  the  intra-uteri  lie  life  so  that  when, 
new  cells  cease  to  be  produced  the  enlargement  must  take  place  in  con- 
nection with  the  increase  in  the  size  of  the  cells  out  of  their  embryonic 
form. 

Side  by  side  with  the  cell  development  we  find  also  the  development 
of  the  nerve  fibres,  these  nerve  fibres  being  either  medullated  or  nqn- 
medullated.  The  cerebral  cortex  varies  considerably  the  variation  de- 
pending largely  upon  the  size  of  the  cerebral  hemispheres.  According 
to  Yulpian  the  number  of  fibres  found  in  the  different  layers  of  the  cere- 
bral hemisphere  is  at  its  maximum  about  33  years  of  age,  after  this  period 
a decrease  taking  place.  Two  kinds  of  fibres  are  found  medullated  and 
ncm^medullated.  In  both  we  find  the  isolation  of  the  fibre  in  connection 
with  the  neurilemma;  the  non-medullated  fibres  are  found  in  connection 
with  the  sympathetic  system  where  the  function  is  less  differentiated  and 
also  to  a certain  extent  in  the  central  nervous  system.  It  has  been  sug- 
gested that  medullation  represents  a perfected  condition  and  non-medul- 
lation  an  imperfect  condition,  the  latter  representing  a condition  which  is 
found  associated  with  part  of  the  nervous  system  throughout  the  entire 
period  of  life.  At  birth  the  central  nervous  system  possesses  only  im- 
perfect medullation,  the  after  development  representing  largely  the  com- 
pletion of  the  medullary  process.  The  medullated  portion  and  the  axis 
cylinder  from  above  contain  equal  parts  of  the  fibres.  The  fibres  form 
as  we  said  before  90  percent  of  the  encephalon  and  about  one-half  of  this 
would  represent  medullated  fibres.  It  is  estimated  that  in  the  entire 
central  nervous  system  there  are  3,000,000,000  of  cells.  In  the  central 
system  about  one-fourth  of  the  substance  represents  the  sustentacular 
tissue  and  blood  vessels  and  the  remainder  nerve  tissue  proper.  All  of 
these  cells  in  embryonic  form  can  be  accommodated  in  an  area  of  three 
cubic  centimeters  which  would  represent  about  the  size  of  the  nervous 
system  in  the  human  foetus  at  the  end  of  the  third  month.  In  the  case  of 
the  matured  system  it  is  estimated  that  there  is  an  increase  of  450  fold 
representing  a volume  which  is  within  the  normal  limit  of  the  encephalon 
and  cord  in  the  adult  life.  This  involves  an  enlargement  of  the  nerve 
elements  amounting  to  450  times  the  embryonic  size.  Thus  we  find  the 
development  of  the  central  nervous  system  is  due  to  a gradual  enlarge- 
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ment  of  the  cell  elements  found  in  the  early  embryonic  stages,  this  en- 
largement talcing-  place  in  the  cell  proper  and  in  the  formation  of  the  neura 
together  with  the  increase  representing  medullation,  all  of  these 
changes  following  the  development  we  have  already  considered.  In  the  cen- 
tral nervous  system  the  development  becomes  more  complete  as  advance 
takes  place  in  life  and  the  system  becames  capable  of  greater  activity  as 
the  impulses  are  increased.  Thus  the  power  of  the  nervous  system'  be- 
comes enlarged  representing  new  functional  development.  The  central 
nervous  system  in  other  words  becomes  more  fully  organized  as  the 
change  takes  place  fiom  immaturity  to  maturity.  In  embryonic  condi- 
tion the  cells  ai  e isolated  from  one  another.  Out  of  their  primitive  loca- 
tion the  neuroblasts  migrate  coming  more  closely  together  and  forming 
as  we  have  seen  cell  combinations.  In  the  organization  of  the  nervous 
system  the  chief  changes  that  take  place  are  those  in  the  neura  and  den- 
drons.  These  are  developed  by  extension,  the  neura  developing  outward 
towards  the  dendrons  the  dendrons  also  growing  so  that  there  is  a con- 
stant approximation  of  the  two  towards  each  other.  In  the  central  sys- 
tem as  well  as  in  the  sympathetic  system  medullation  is  not  necessary  to 
the  functional  activity;  all  the  fibres  that  become  medullated  originate 
from  non-medullated  fibres  so  that  medullation  represents  organization. 
In  the  afferent  cells  we  find  an  increase  in  the  neura  and  their  branches 
presenting  a larger  surface  for  stimulation.  In  the  central  cells  we  find 
the  increase  of  the  neura  and  dendrons  increasing  the  facility  of  receiving 
and  sending  out  impulses.  The  efferent  cells  develop  largely  if  not  alto- 
gether by  the  development  of  dendrons.  Thus  the  chief  development  of 
organization  depends  on  the  central  cells  which  branch  out  in  all  possible 
ways.  Imperfect  development  may  be  localized  in  any  'one  or  all  of  these 
different  ways  although  deficient  development  usually  takes  place  only  in 
one  way.  The  deficienc}^  of  one  however  usually  involves  the  weakening 
of  the  rest. 

In  all  this  development  the  blood  supply  is  an  important  considera- 
tion. The  most  delicate  blood  vessel  connections  are  found  associated 


with  the  cell  bodies  where  they  are  most  closely  packed  together  in  groups 
of  cells.  In  this  close  relation  of  the  blood  vessels  to  the  cell  bodies  in 
the  gray  matter  we  find  the  basis  of  the  changes  taking  place  in  connec- 
tion with  these  cells.  The  brain  represents  a verjr  delicate  organ  and  it 
is  necessary  that  it  should  receive  an  abundant  blood  supply  and  that  it 
should  not  be  subjected  to  shocks  from  the  pulsating  vessels  or  pressure 
from  the  overfilled  vessels.  These  are  secured,  (l)  by  the  tortuous 
course  of  the  arteries  which  carry  the  blood  to  the  brain;  ■.  3 by-  the  fact 
that  thy  arteries  are  very  delicately  divided  into  branches  before  entering 
thevbrain  substance,  the  division  taking  place  in  the  pia  mater;  and  (3)  bv 
the.  cerebro-spinal  fluid  as  well  as  "the  continuity  of  the  cranial  cavity  and 
the  spinal  canal.  Hence  if  for  any  reason  an  unusual  amount  of  blood 
enters  the  cranial  vessels  a corresponding  amount  of  cerebro-spinal  fluid 
goes  down  into  the  spinal  canal  and  so  the  pressure  on  the  cranial  sub- 
stance is  prevented.  There  is  no  reflex  variation  in  the  blood  vessels  as 
there  is  no  direct  vasomotor  nerve  supply  in  connection  with  the  vessels  of  the 
brain  or  the  cord.  Thus  the  blood  varies  very  little  as  we  find  it  circul- 
ating in  the  central  nervous  system.  If  the  arterial  pressure  rises  the 
blood  flows  more  rapidly  through  the  brain,  but  there  is  a corresponding 
increase  in  the  venous  blood  flow.  The  amount  of  blood  normally  in  the 
brain  and  spinal  cord  is  small,  not  more  than  one  100th  part  of  the  entire 


THU  NERVOUS  SYSTEM  AS  A WHOLE. 


f>54 


blood  of  the  body.  During-  mental  activity  there  is  an  increased  flow 
to  the  brain;  when  fatigrie  or  exhaustion  follows  there  is  a diminished 
blood  supply  to  the  brain.  Not  only  does  the  brain  require  a sufficient 
quantity  of  blood  but  it  requires  also  blood  of  a sufficient  quality.  It  is 
said  that  tha  thyroid  g-land  has  an  important  influence  on  the  blood  sup- 
ply to  the  nervous  system  as  the  removal  of  the  thyroid  results  in  nervous 
weakening-  due  to  malnutrition.  The  use  of  thyroidin  it  is  claimed  has 
beneficial  effects  in  the  case  of  cretinous  conditions  involving-  the  nervous 
system. 

In  reg-ard  to  the  cerebr-ospinal  fluid  its  composition  is  not  exactly 
known.  Some  specimens  that  have  been  examined  as  these  have  been 
found  in  connection  with  fractures  of  the  base  of  the  skull  are  normal 
whereas  others  in  hydx*ocephalic  conditions  are  abnormal.  Most  of  the 
analyses  have  taken  place  in  connection  with  the  abnormal  fluid.  This 
cerebro-spinal  fluid  is  a brig-ht  colorless  fluid  slig-htly  alkaline  in  reaction 
with  a specific  gravity  of  1,010.  The  larg-er  part  of  the  solid  substance 
consists  of  salts,  the  amount  of  the  salts  depending-  upon  the  composition 
of  the  blood  and  the  lymph.  Proteids  are  very  scanty  in  this  fluid,  the 
chief  being-  a g-lobulin  identified  by  some  as  an  albumose  or  peptone, 
albumin  itself  being-  normally  absent.  This  fluid  does  not  coagulate  and 
does  not  contain  any  of  the  fibrin  element.  It  also  contains  some  sug-ar 
substance  that  is  akin  to  dextrose.  The  composition  of  this  fluid  diff- 
ers from  that  of  the  lymph  and  some  claim  that  it  is  secreted  in  connec- 
tion with  the  epithelium  found  in  connection  with  the  choroid  plexus. 
There  is  no  evidence,  however,  that  such  a secretory  process  does  take 
place  in  connection  with  the  choroid  plexus,  the  most  probable  opinion  be- 
ing- that  if  such  a secretion  does  take  place  it  is  mixed  with  lymph.  What- 
ever may  be  the  color  it  seems  to  be  furnished  normally  to  the  brain  as 
one  of  the  essential  fluid  substances.  In  connection  with  cases  of  frac- 
ture of  the  skull  it  is  found  to  flow  in  considerable  quantities  and  by  the 
injection  of  saline  substances  into  the  blood  the  rate  of  the  flow  was 
found  to  be  considerably  increased.  It  has  been  found  experimentally 
that  to  increase  the  arterial  pressure  does  not  produce  any  change  in  the 
flow  of  this  fluid  and  this  is  taken  by  some  as  a proof  that  it  is  not  ordin- 
ary lymph.  The  pressure  that  is  found  in  connection  with  this  fluid 
varies  considerably,  depending-  upon  the  vascular  mechanism  that  is  as- 
sociated with  the  brain.  This  fluid  finds  its  escape  in  connection  with 
the  elong-ations  of  the  subarachnoidal  space  in  connection  with  the  nerve 
roots,  these  representing-  prolong-ations  of  the  nerve  lymph  vessels;  in  the 
cranium  such  passag-es  are  found  in  connection  with  the  cranial  nerves 
more  particularly  the  optic  nerves.  Some  claim  that  the  Pacchionian 
glands  furnish  a direct  medium  through  which  the  fluid  may  pass  into 
the  blood  in  connection  with  the  venous  sinuses. 

1 he  rate  at  which  this  cerebro-spinal  fluid  escapes  is  of  considerable 
importance.  By  sending  an  abnormal  flow  of  blood  into  the  brain  there 
is  a prevention  of  cranial  compression  by  means  of  the  removal  of  cerebro- 
spinal fluid  from  the  cranium  into  the  spinal  canal  and  also  by  the  passage 
ot  some  of  the  fluid  along  the  cranial  nerves,  so  that  in  this  way  we  have 
fui  nished  a means  of  equilibrating  the  fluids  in  connection  with  brain 
circulation.  In  connection  with  the  brain  the  vascular  arrangements  are 
oT  considerable  importance.  There  is  a special  supply  in  connection 
with  the  right  and  left  vertebral  and  internal  carotids  unification  taking 
place  in  connection  with  the  circle  of  Willis.  Another  important  point  in 
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connection  with  the  supply  of  arterial  blood  to  the  brain  is  to  be  found  in 
the  tact  that  the  three  principal  cerebral  arteries  have  their  distribution 
m connection  with  the  cortex  and  underlying-"  white  matter,  the  deeper 
portion  of  the  cerebrum  being  supplied  in  connection  with  smaller  arter- 
ies that  pass  directly  from  the  circle  of  Willis  or  branch  from  the  beam- 
ing of  thethree  cerebral  arteries.  No  anastomosis  "takes  place  in  con- 
nection with  these  two  systems.  There  is  a free  anastomosis  of  the 
small  arteries  in  the  pia  mater  but  there  is  very*  little  anasffi/mblus  be- 
tween the  small  arteries  which  pass  from  the  pia  mater  into  the  deeper 
brain  substance.  This  forms  a reason  why  when  these  smaller  arteries 
are  obstructs ct'there  is  an  interference  with  the  cortical  nutrition  of  that 
part  of  the  brain.  In  connection  with  the  venous  blood  w^e  find  that  the 
sinuses  represent  the  chief  channels  for  the  passage  of  the  venous  blood, 
these  sinuses  representing  receptacles  that  can  easily  be  filled  and  as 
easily  emptied^,  a free  passage  of  the  blood  being  possible  without  any  in- 
terference. This  has  an  important  bearing  upon  the  encasement  of  the 
brain  substance  within  the  cranium.  When  there  is  too  much  blood 
passed  to  the  brain  there  must  be  provision  made  for  It  by  the  removal  of 
some  of  the  other  fluids,  otherwise  a pressure  upon  the  substance  of  the 
brain  would  result  in  clanger  to  the  bi'ain  itself.  flhis  accommodation 
impartially-  provided  for  by  the  removal  of  some  of  the  cerebro-spinal  fluid. 
In  normal  conditions,  howTever,  the  sinuses  are  sufficient  to  regulate  the 
blood  pressure,  representing  as  they  do  receptacles  fi*om  which  a large 
proportion  of  blood  can  be  quickly' discharged,  this  discharge  being  aided 
by  the : negative  pressure  found  in  connection  with  the  veins  at  the  neck 
during  the  inspiratory  phases  of  respiration.  Excessive  pressure  upon 
the  brain  substance  in  connection  with  the  rupture  of  vessels  and  blood 
effusion  resulting-  in  brain,  compression,  paralysis  and  even  death.  The 
blood  supply  to  the  brain  seems  to  be  small  compared  with  the'character- 
istic  importance  attached  to  the  brain  in  connection  with  the  body.  In 
the  case  of  a rabbit  it  is  found  that  about  one  hundredth  of  the  entire 
blood  of  the  body  is  found  in  the  brain;  even  in  the  human  subject  there 
is  a very  small  blood  supply  relatively  to  the  importance  attached  to  the 
brain  as  an  active  organ.  This  would  seem  to  indicate  that  the  extent  of 
brain  metabolism  is  small  and  that  its  importance  rests  not  so  much  in 
the  amount  of  metabolic  change  as  in  the  nature  of— It. 

The  mass  of  the  brain  is  continually  passing  through  changes  in  con- 
nection with  the  blood,  these  changes  having  a vital  relation  to  the  organ- 
ic functions  that  are  discharged  by  the  body  organs.  ^.t  every  heart 
beat  there  is  found  in  connection  with  the  cerebral  substance  a pulsation; 
at  every  respiration  there  is  a double  variation,  during  inspiration  the 
lessening  of  pressure  in  the  large  neck  veins  producing  a diminution  and 
the  opposite  increase  of  pressure  during  expiration  producing  an  enlarge- 
ment of  the  brain  substance.  Other  brain  variations  are  found  in  con- 
nection with  the  movements  of  the  body  and  the  different  parts  of  the 
body  and  also  certain  phases  of  activity  determined  bv  the  conditions  of 
wakefulness  and  sleep.  In  addition  to  this  there  is  sometimes  a vaso- 
motion  at  the  basis  of  the  brain  activity.  By  moving  the  head  to  the  re- 
clining position  there  is  a tendency  to  accumulate  blood  within  the  cran- 
ium and  in  moving  the  head  from  this  reclining  position  to  the  erect  posi- 
tion there  is  a tendency  to  drive  the  blood  out  of  the  cranium.  In  both 
cases  there  is  an  interference  with  the  cerebral  equilibrium.  When  the 
brain  substance  is  in  its  normal  condition  these  changes  have  little  if  any 
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effect  because  of  the  compensatory  capacity  based  upon  the  vaso-motor 
action  in  connection  with  the  blood.  In  connection  with  the  cerebral 
artery  we  find  characteristic  muscular  walls  and  this  forms  a basis  of  the 
supposition  that  there  are  special  vasO-motor  fibres  for  the  brain  arteries. 
This  supposition  has  not  been  carried  out  by  means  of  experiments  and 
the  negative  results  seem  to  indicate  the  absence  of  such  vaso-motor 
fibres.  It  is  claimed  by  others  that  the  blood  flow  in  connection  with  the 
brain  really  depends  upon  the  general  vaso-motor  mechanism  having  no 
vaso-motor  fibres  of  its  own.  This  seems  to  be  almost  as  far  as  we  can 
go  in  the  discussion  of  this  subject.  The  cerebral  vessels  according  to 
this  would  be  subject  to  the  vaso-motor  system,  so  that  in  case  there  is  an 
increased  blood  pressure  arising  from  vaso-constrictor  action  in  connec- 
tion with  the  abdominal  organs  there  is  of  necessity  an  increased  volume 
of  blood  passed  to  the  brain  and  vice  versa.  This  forms  the  basis  of  the 
automatic  actions  of  the  brain  in  connection  with  vaso-motion.  This 
seems  to  be  indicated  by  the  fact  that  if  the  blood  supply  to  the  vaso- 
motor center  in  the  medulla  is  lessened  there  is  a stimulation  aroused 
which  produces  vaso-constriction  and  results  in  an  increase  of  the  blood 
pressure  resulting  in  the  driving  of  blood  into  the  brain.  The  blood  flow 
in  connection  with  the  brain  and  consequently  the  brain  changes  may  be 
subject  to  other  modifications.  Irritation  applied  to  the  motor  areas  of 
the  cerebrum  produces  an  outflow  of  venous  blood  without  affecting 
materially  the  blood  pressure.  This  forms  the  basis  of  the  fact  that 
there  is  claimed  to  be  a special  vaso-motor  nervous  mechanism  in  connec- 
tion with  the  blood  vessels  of  the  brain.  Thorertically  the  existence  of  this 
vaso-motor  arrangement  is  more  satisfactory  in  explanation  of  the  facts 
that  we  find  in  connection  with  brain  changes  than  that  depending  upon 
the  general  vaso-motor  mechanism. 

In  connection  with  the  brain  it  is  important  to  consider  the  subject  of 
sleep, because  it  is  claimed  to  be  a particular  phenomenon  associated  with 
the  nervous  system.  In  sleep  we  have  the  lessening  of  activity  arising 
from  diminished  impulses  passing  through  the  eentral  nervous 
system.  This  diminution  may  result  from  a voluntary  re- 
duction of  the  afferent  impulses.  Following  this  we  find 

the  nervous  system  gradually  ceasing  to.  give  a response,  representing 
either  a condition  of  fatigue  or  the  exercise  of  volition.  The  chief  con- 
dition that  favors  sleep  is  the  lessening  of  the  passage  of  nerve  impulses 
thtough  the  central  nervous  system.  'This  may  be  accomplished  by 
lessening  the  stimuli,  by  reducing  those  stimuli  that  are  received  to  a 
minimum;  it  may  also  depend  upon  the  excitability  of  the  nervous  system 
in  connection  with  the  condition  of  fatigue.  Variations  are  found  at  dif- 
ferent periods  of  life. in  connection  with  the  active  part  played  by  the  sen- 
sory abd  motor  cells.  During  childhood  the  sensory  impulses  are  not 
distributed  over  as  large  a sensory  area  and  the  impulses  stored  in  the 
nerve  cells  are  few  as  compared  with  those  found  in  the  adult  condition. 

he  same  thing  would  be  true  of  old  age  although  in  childhood  there  is  a 
capacity  of  development  which  we  do  not  find  in  old  age,  the  nerve  activity 
a v 1 n g become  exhausted  to  a large  extent.  In  the  same  wav  we  find  the 
supply  of  blood  varying  with  age 'so  that  the  amount  of  energy  capable  of 
being  yielded  varies  witlrchildhood,  maturity  and  old  age.  Exercise  in- 
duces a fatigued  condition  giving  rise  to  afferent  impressions  which  when 
conveyed  to  the  center  produce  the  sensations  of  fatigue.  In  connec- 
tion with  the  body  activity  both  of  muscle  and  nerve  there  are  certain 
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substances  which  when  conveyed  to  the  blood  act  the  part  of  an  induc- 
ent  of  sleep.  Mosso  has  pointed  out  that  if  the  blood  of  a dog-  fatigued 
by  over-exertion  is  transfused  into  another  dog-  that  is  not  at  all  fatigued 
but  that  has  been  resting  the  resting  dog  will  give  signs  of  fatigue,  It  is 
inferred  that  there  are  certain  metabolic  products  in  the  transfused  blood 
that  have  brought  about  the  change.  The  same  thing  is  indicated  by 
the  difference  in  the  sensations  of  fatigue  depending  on  the  form  of  fa- 
tigue and  its  inducing  cause.  We  are  able  to  distinguish  between  differ- 
ent degrees  of  fatigue  the  sensations  that  are  associated  with  the  differ- 
ent kinds  of  exercise  differing  among  themselves.  The  preceding  con- 
ditions of  sleep  may  be  summarized,  (1)  suspension  of  stimulation;  (2j  ces- 
sation of  response  in  the  case  of  the  nerve  centers; *(3)  a product  of  some 
kind  in  the  blood,  and  (4)  a decreased  supply  of  blood  to  the  brain  These 
conditions  can  be  produced  artificially  by  the  removal  of  the  stimulation  and 
by  the  use  of  certain  anaesthetics.  * The  loss  of  blood  or  the  retarding 
of  the  circulation  of  the  blood  to  the  brain  by  pressure  on  the  carotids 
induces  unconsciousness  analogous  to  sleep.  ' These  artificial  conditions 
differ,  however,  from  normal  sleep  in  the  effect  that  they  have  upon  the 
central  nervous  system;  in  the  former  case  there  is  more  or  less  of  a 
disturbance  caused  by  the  artificial  means  used  to  induce  it,  whereas, 
in  the  latter  case  normal  cells  act  as  a restorative  of  energy  upon  ex- 
hausted cells  in  the  central  nervous  system.  During  sleep  there  is  never 
a loss  on  the  part  of  the  central  system  or  the  power  to  react  because  if 
this  were  lost  sleep  would  be  permanent.  Thus  the  central  nervous 
system  always  retains  even  in  sleep,  during  the  continued  vitality  of  the 
body,  its  power  of  responsiveness;  if  this  power  were  lost  it  would  be  im- 
possible to  arouse  anyone  out  of  sleep.  The  person  that  is  asleep  is 
never  removed  from  the  influence  of  external  stimulation.  The  plethv- 
smograph  has  been  used  to  demonstrate  this  fact.  The  arm  is  placed  in 
the  instrument  and  the  person  is  allowed  to  go  to  sleep.  It  is  found  that 
after  falling  asleep  a stimulation  that  is  insufficient  to  arouse  from  sleep 
will  produce  variations  in  the  volume  of  the  arm  due  to  the  removal  of 
blood  from  the  arm.  This  must  have  increased  the  circulation  of  the 
blood  in  the  brain  without  affecting  the  sleep  in  any  way.  This  shows 
that  during  sleep  the  nervous  system  is  capable  of  response  without  anv 
consciousness  of  the  reaction.  Measurements  have  been  made  of  the 
amount  of  stimulation  necessary  to  awaken  out  of  sleep.  A ball  was  al- 
lowed to  fall  upon  a plate  with  the  object  of  producing  a sound  sufficient 
to  effect  the  auditory  impulses  and  thus  by  experiments  it  seems  to  be 
proved,  that  the  first  period  of  sleep  is  deep,  whereas,  the  after  periods 
are  light,  gradually  becoming  lighter  until  the  period  of  awakening.  This, 
however,  gives  no  indication  of  the  action  of  the  central  nervous  system 
or  of  the  changes  taking  place  in  connection  with  sleep  as  a restorative  of 
exhausted  energy.  The  loss  of  sleep  has  an  important  effect  upon  the 
system,  producing  irritation  and  resulting  in  death  more  rapidly  than  the 
deprivation  of  food.  Experiments  have  been  made  on  young  dogs,  the  re- 
sult of  which  seems  to  be  that  the  loss  of  sleep  for  four  days  results  in  a 
fall  of  body  heat  and  the  loss  of  reflex  action,  accompanied  by  changes  in 
the  blood,  hemorrhages  in  the  brain  and  a shrivelled  condition  of  the  spin- 
al cord  followed  on  the  fifth  or  sixth  day  by  death. 

During  the  decline  of  life  we  find  certain  changes  involving  alterations 
in  the  cells  and  throughout  the  entire  nervous  system.  During  the  nor- 
mal conditions  of  life  there  arc  certain  metabolic  changes  taking  place  in 
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connection  with  the  cells,  these  changes  depending  somewhat  upon  age. 
In  youth  the  anabolic  changes  prevail,  whereas,  during  old  age  the  katabo- 
lic  processes  prevail.  As  we  have  seen  the  brain  decreases  in  size,  there 
is  a shrinkage  of  the  whole  nervous  system,  involving  both  the  cells  and 
the  nerve  fibres.  It  is  claimed  by  some  that  the  fibres  decrease  in  num- 
ber especially  the  motor  fibres.  In  the  case  of  paralysis  agitans  the  nerve 
cells  become  shrivelled,  marked  generally  by  degeneration  extending  to 
the  fibres.  Accompanying  these  changes  we  find  an  increase  of  the 
sustentacular  tissues  and  an  induration  of  the  blood  vessels  accompanied 
by  thickening  of  the  vessel  walls.  Changes  of  this  kind  are  more  fre-. 
quently  found  in  the  lumbar  area  of  the  spinal  cord.  This  condition  it  is 
said  represents  an  excessive  degeneration  such  as  is  found  in  a lessened 
degree  in  the  spinal  cord  of  all  aged  persons.  In  regard  to  the  brain  the 
pathological  examination  has  disclosed  the  fact  that  the  chief  changes  in 
the  brains  of  old  people  are  found  to  be  associated  with  the  cerebellum 
where  the  cells  are  shrivelled  and  in  some  cases  completely  degenerated. 
Thus  degeneration,  destruction  and  shrinkage  represent  the  condition  of 
the  brain  and  the  spinal  cord  during  old  age,  the  dissolution  taking  place 
in 'such  a way  as  to  render  the  nervous  system  less  active,  less  responsive 
and  subject  to  erratic  activity. 

The  physiologists  have  largely  limited  their  investigations  to  the  sep- 
arate parts  of  the  central  nervous  system  without  attempting  to  formu- 
late any  plan  of  action  on  the  part  of  the  system  as  a whole.  This  has 
produced  in  physiology  a tendency  to  overestimate  the  importance  of 
specialization  of  function,  overlooking  the  fact  that  there  is  a solidarity 
and  unity  of  action  on  the  part  of  the  entire  system.  It  is  probable  that 
every  active  operation  of  the  nervous  system  affects  the  whole  system  so 
that  in  this  wav  there  must  be  constant  activity  on  the  part  of  the  nerve 
cells  accompanied  by  continuous  impulses  entering  and  leaving  those  cells. 

I his  forms  the  basis  of  the  continuity  of  conscious  experience  and  is  the 
necessary  climax  in  our  discussion  of  the  nervous  system  and  especially 
<>l  the  central  nervous,  system.  Behind  consciousness,  at  least  from  a 
morphological  standpoint,  there  lies  the  anatomical  structure  of  the  ner- 
vous system,  but  no  one  has  as  yet  been  able  to  solve  the  problem  of  their 
relations.  1 he  region  of  consciousness  has  been  gradually  moving  up- 
wards with  the  development  of  physiological  theories  until  it  has  taken 
refiige  in  the  only  remaining  region  that  is  left  over  after  the  localization 
ot  the  sensory  and  motor  areas,  namely,  in  the  anterior  portion  of  the 
gray  matter  of  the  cortex.  Ancient  philosophy  did  not  limit  the  mind  to 
brain.  With  the  dawn  of  modern  psychology  the  center  of  conscious, 
menta  , emotional  and  volitional  phenomena  has  been  associated  with  the 
medulla  and  the  lower  parts  of  the  brain  and  in  more  recent  times  has 
been  locahzed  in  the  frontal  area  of  the  cortex.  Even  if  we  could  under- 
sbind  all  the  changes  taking  place  in  this  region  we  should  be  unable  to 
bridge  the  chasm  between  the  purely  subjective  and  objective,  much  less 
would  we  be  able  to  resolve  mental  phenomena  into  their  preceding  causes. 

1 hilosophy  is  divided  mainly  into  two  schools,  the  one  materializing  the 
mental  phenomena  by  ascribing  them  solely  to  physiological  and  phvsical 
causes,  and  the  other  idealizing  them  by  calling  them  figurative  names 
which  g,ve  no  explanation.  By  the  combination  of  both  of  these  ideas  we 
ave  a fundamental  physical  and  physiological  basis  for  the  ideal  in- 

°f  thcLSei  Phenomena-  This  subject  we  leave  to  be  discussed 
more  fully  in  psychology. 
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ShL  I ION  VIII.  The  Peripheral  Nervous  System. 

In  the  peripheral  system  as  distinguished  from  the  central  nervous 
system,  we  find  fibres  originating-  from  the  central  system  which  as  dis- 
tinguished from  the  central  system  are  called  peripheral.  We  have,  (1  > 
spinal  nerves;  (2)  cranial  nerves,  and  (3)  the  sympathetic  nerves.  (1.  Of 

the  spinal  nerves  originating  from  the  spinal  cord  there  are  31  pairs 
ot  neives,  each  nerve  having  an  anterior  and  a posterior  root.  Opposite 
each  space  between  each  pair  of  vertebrae  a nerve  passes  out  of  the  body. 
1 hese  nerves  pass  from  the  spinal  canal  by  the  intervertebral  foramina. 
Hence  these  nerves  are  differentiated  according  to  the  vertebrae  opposite 
to  which  they  are  found  or  between  which  they  pass  out.  In  the  cervical 
region  we  find  eight  cervical  nerves;  in  the"  dorsal  regoin  we  find  the 
dorsal  nerves  running  between  the  ribs  as  the  intercostal  nerves.  Pass- 
ing down  the  spine  we  find  the  lumbar  and  sacral  vertebrae  the  nerves 
corresponding  to  these  originating  in  the  lumbar  enlargement  and  sup- 
plying  the  abdomen  and  by  union  forming  the  sciatic  which  provides  per- 
ipheral innervation  to  the  lower  extremities.  The  lowest  nerve  roots 
form  a.  bundle  called  the  cauda  equina.  These  nerves  on  passing  from 
the  spinal  cord  before  becoming  branched  combine  together  in  forming 
the  different  plexuses,  distribution  from  which  takes  place  in  the  differ^- 
ent  regions  of  the  viscera,  etc.  The  anterior  branches  in  connection  with 
the  first  four  cervical  nerves  form  the  cervical  plexus  and  the  four  lower 
cervical  nerves  the  branchial  plexus.  The  anterior  branches  of  the  dor- 
sal nerves  except  the  first  supply  the  thoracic  walls  and  abdomen,  pass- 
ing directly  without  forming  a plexus.  The  anterior  branches  of  the 
first  four  lumbar  nerves  form  the  lumbar  plexus,  the  fifth,  the  branch  of 
the  fourth  lumbar  and  the  first  sacral  form  the  lumbo-sacral  nerve  and  go 
to  the  sacral  plexus.  The  first  three  sacral  and  a branch  of  the  fourth 
sacral  form  the  sacral  plexus,  the  other  branches  of  the  fourth  sacral  be- 
ing distributed  in  connection  with  the  viscera  in  the  pelvic  region  and  the 
anus  muscle;  while  the  fifth  sacral  and  the  coccygeal  find  distribution  in 
the  coccyx.  The  spinal  nerves  are  found  to  rise  in  connection  with  the  pos- 
terior roots  from  the  sulcus  that  lies  between  the  posterior  and  lateral 
columns  of  the  cord  and  also  by  an  anterior  root  from  the  furrow  that  is 
found  between  the  anterior  and  the  lateral  column.  The  posterior  roots 
except  in  the  case  of  the  first  cervical  are  larger  than  the  anterior.  Some- 
times the  roots  on  the  opposite  side  of  the  cord  are  unsymmetrical.  The 
posterior  root  is  attached  to  the  dorsal  centers  of  the  cord  and  is  thicker 
than  the  anterior  root  attached  to  the  ventral  surface.  The  posterior 
root  has  a ganglion  called  the  spinal  ganglion,  in  this  we  find  bioplar  nerve 
cells.  These  two  roots  unite  together  to  form  a single. trunk  beyond  the 
ganglion.  The  fibres  of  the  anterior  root  are  motor  and  those  of  the 
posterior  root  sensory.  'Bril  found  that  by  stimulating  the  anterior  roots 
in  an  animal  very  soon  after  death  muscle  contraction  followed;  while  the 
stimulation  of  the  posterior  roots  produced  no  effect.  By  the  irritation 
of  the  posterior  roots,  if  the  irritation  is  strong,  pain  maybe  produced, 
the  result  following  the  irritation  of  the  peripheral-end  of  the  anterior 
roots.  This  pain  will  continue  if  the  main  trunk  is. cut  beyond  the  junc- 
tion of  the  two  roots,  but  it  will  cease  if  the  posterior  root  is  divided? 
This  seems  to  indicate  the  presence  of  sensory  fibres  passing  around  from 
the  posterior  to  the  anterior  roots,  called  loops  or  recurrent  fibres,  these 
fibres  being  traced  out  by  the  Wallerian  degeneration.  The  afferent  and 
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efferent  fibres  run  along-  the  trunk  of  the  spinal  nerve,  dividing  at  the 
junction,  the  afferent  fibres  passing  into  the  posterior  roots  and  the  ef- 
ferent fibres  into  the  anterior  roots.  If  the  anterior  root  is  cut  the  mus- 
cles supplied  with  nervous  connection  cease  to  contract.  If  the  peripher- 
al end  is  stimulated  the  muscle  will  contract,  but  if  the  central  end  is 
stimulated  there  are  no  sensory  impulses.  If  the  posterior  root  is  divided 
the  muscles  supplied  with  nervous  connection  continue  to  contract,  sensi- 
bility being  lost  where  the  nerve  distribution  takes  place.  If  the  central 
end  is  stimulated  sensory  impulses  are  felt,  but  if  the  peripheral  end  be 
stimulated  no  effects  are  noticeable.  According  to  Joseph,  the  spinal 
ganglion  represents  the  trophic  center  for  the  greater  number  of  the  fi- 
bres, although  individual  fibres  are  found  to  pass  through  the  ganglion 
without  establishing  connections  in  connection  with  the  cells  so  that  the 
trophic  centers  for  these  fibres  are  in  connection  with  the  spinal  cord.  In 
the  anterior  roots  we  find  the  efferefit  fibres  which  supply  all  the  balance 
of  the  muscles  in  connection  with  the  body  and  the  upper  and  lower  limbs, 
k rom  the  anterior  roots  we  find  motor  fibres  in  connection  with  organs 
that  possess  the  unstriped  muscle  fibres  such  as  the  bladder,  the  uterus 
and  the  ureter.  The  motor  fibres  for  the  muscles  in  connection  with  the 
blood  vessels  and  the  tonic  nerve  fibres  in  connection  with  the  blood  ves- 
sels as  well  as  the  accelerator  fibres  to  the  heart  also  pass  from  the  anter- 
ior roots  in  connection  with  the  sympathetics.  We  also  find  inhibitory 
fibi  es  in  connection  with  the  blood  vessels  and  inhibitory  fibres  to  the 
heart  which  pass  from  the  spinal  cord  to  the  vagi.  There  are  also  secre- 
tory fibres  for  the  sweat  glands  which  run  through  the  sympathetics  and 
the  tiophic  fibres  for  the  different  tissues.  In  connection  with  the  pos- 
terior roots  we  find  the  sensory  nerves  in  connection  with  the  skin,  the 
tissues,  with  the  exception  of  the  face,  the  front  and  internal  portions  of 
the  head.  We  also  find  the  tactile  nerves  .hat  are  associated  with  the 
cutaneous  surfaces  of  the  body.  In^regard  to  the  spinal  ganglion  there 
is  no  evidence  that  it  can  act  independently  as  a reflex  center,  neither  can 
it  originate  independent  afferent  impulses.  It  is  intimately  connected 
with  the  nutrition  of  the  nerve  fibres.  If  the  posterior  root  is  cut  be- 
tween the  spinal  cord  and  the  ganglion  the  portion  attached  to  the 
ganglion  continues  intact,  degeneration  taking  place  towards  the  spinal 
co’ ( • If  the  anterior  root  is  divided  the  spinal  portion  remains  intact, 
while  the  peripheral  portion  degenerates  towards  the  junction  of  the 
libres  with  the  trunk,  the  fibres  degenerating  in  the  trunk  being  efferent. 
11  the  posterior  root  is  cut  between  the  ganglion  and  the  junction  with  the 
anterior  root  the  part  of  the  ganglion  remains  intact  and  also  the  root 
loin  the  ganglion  to  the  cord  while  nerve  fibres  in  the  trunk  degenerate, 
these  being  afferent  fibres.  If  the  spina  ganglion  is  completely  extirpated 
the  entire  portion  of  the  root  degenerates  and  also  the  afferent  fibres  of 
e h.S1  ve  trunk.  r\  he  afferent  fibres  thus  develop  away  from  the  spinal 
ganglion  towards  the  periphery,  in  each  case  indicating  the  source  of 
nutrition  from  the  nerve  cell.  In  the  anterior  roots  we  find  efferent 
libres  without  any  ganglia  and  splanchnic  fibre's  and  also  delicate  ganglo- 
nated  libres  whose  ganglia  are  found  at  a -distance  from  the  central  ner- 
wuis  system.  J he  nerve  fibres  that  go  out  along  the  posterior  root  pass 
through  the  spinal  ganglia  most  of  them  entering  the  ganglion  cells.  In 
the  case  of  the  lower  animals  it  is  found  that  a nerve  fibre  when  it  enters  a 
ganglion  cell  leaves  it  by  one  or  more  branches.  In  the  cells  of  the  pos- 
terior ganglion  it  is  quite  different  because  here  the  fibre  passes  through 
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f!e  &?n5  !°n’  8?.vin?  °?  a branch  at  riKht  angles  to  its  pathway,  this 
branch  terminating- in  the  nerve  cells.  This  represents  the  T shaped 
junction,  although  it  is  difficult  to  appreciate  the  meaning  of  this  anatom i- 
cal  fact.  According  to  Raymond  the  nerve  cell  forms  a shuntingstation. 
1 his  is  the  only  place  in  the  nervous  system  so  far  as  we  know  where 
such  an  arrangement  is  found.  It  is  found  that  in  the  evolution  of  the 
nei  ve  cell  there  is  an  enlargement  on  the  side  of  the  fibre.  In  connec- 
tion with  the  function  of  this  cell  arrangement  very  little  has  been  dis- 
covered. Raymond  by  the  use  of  electricity  tested"  the  spinal  ganglion 
and  by  stimulating  a nerve  root  above  the  ganglion  and  connecting  the 
lower  part  of  the  nerve  with  the  galvanometer  found  that  there  was  a vari- 
ation in  the  part  of  the  nerve  beyond  the  ganglion,  indicating  that  the  im- 
pu  se  must  have  passed  back  through  the  ganglion.  According  to  Exner 
this  backward  movement  of  the  impulse  does  not  indicate  any  loss  of  time 
in  connection  with  the  passage  of  the  impulse.  This  did  not  seem  to  in- 
dicate what  took  place  in  connection  with  the  branches,  because  later 
investigators  have  discovered  that  in  connection  with  the  peripheral  o-an <*•- 
lia  there  is  a loss  of  time  in  the  passage  of  the  impulses.  In  connection 
with  the  pneumogastric,  which  in  the  rabbit  has  a ganglion  very  soon 
after  it  passes  from  the  medulla,  it  has  been  found  that  by  stimulating 
the  cential  end  of  the  vag'us  there  is  a change  in  the  respiration.  It 
foundThat  the  time  elasping  between  this  stimulation  and  the  result 
dicates  tne  lengtffioftime  necessary  to  pas  sf  the  impulses  to  the  center 
the  medulla  and  then  down  to  the  muscles  of  respiration.  It  is 
known  whether  this  loss  of  time  indicates  any  particular  action  in  connec- 
tion with  the  ganglia.  In  connection  with  the  ganglion  it  is  found  that 
the  chief  function  discharged  by  the  ganglion  is  that  of  nutrition  of  the 
fibres  which  are  connected  with  the  ganglion.  In  regard  to  the  plexuses 
that  are  found  associated  with  the  different  organs  it  is  claimed  by  some 
that  there  is  in  these  plexuses  a coordination  or  rearrangement  of  the  im- 
pulses in  connection  with  muscular  action.  This  has  not  been  demon- 
strated so  far,  because  it  is  not  known  that  the  plexuses  exist  for  such  a 
physiological  purpose.  Certainly  there  can  be  no  coordination  in  the 
plexuses  if  the  axis  cylinders  are  not  divided.  The  existence  of  the  plexu- 
ses seems  to  consist  in  the  fact  that  from  an  embryological  standpoint  the 
limb  or  organ  consists  of  a portion  that  is  divided  from  the  primitive  body 
which  primarily  may  have  given  no  evidence  of  existence.  According  to  this 
the  plexuses  would  represent  the  process  of  segmentation.  The  nerves 
grow  out  into  the  muscles  or  in  connection  with  them  so  that  as  there  is 
increased  complexity  in  connection  with  the  organ  the  segmented  division 
takes  place  in  the  nerve  corresponding  with  the  segmental  division  in 
connection  with  the  body  and  organ  development.  The  plexuses  there- 
fore seem  to  represent  the  differentiation  of  organs  and  parts  of  the 
body. 

(2)  The  cranial  nerves.  These  nerves  are  12  in  number.  They  can 
be  traced  to  nuclei  in  connection  with  the  gray  matter,  these  nuclei  being 
found  around  the  fourth  ventricle.  The  cranial  nerves  in  function  are 
associated  with  the  cortex  on  the  opposite  side  and  the  cranial  fibres  can 
be  traced  in  two  stages  from  the  cortex  to  the  periphery,  one  from  the 
cortex  to  the  spinal  bulb  cell  and  another  from  the  spinal  bulb  cell  to  the 
terminal  in  muscle  or  epithelium,  so  that  these  cranial  nerves  are  lilce  tin* 
spinal  nerves,  except  that  in  the  cranials  the  spinal  cells  are  in  the  medul- 
la. The  deep  origin  of  the  cranials  is  found  in  connection  with  the  medal- 
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la  and  pons  under  the  floor  of  the  fourth  ventricle.  In  the  case  of  the  op- 
tic nerves  we  find  close  connection  established  with  the  basal  ganglia 
throug'h  the  optic  tract  in  connection  with  the  optic  thalamus,  the  corpus 
g-eniculatum  and  the  anterior  corpora  quadrigemina.  The  third  and 
fourth  have  their  nuclear  origin  in  thecorporaquadrigeminanear  theSylvian 
aqueduct.  The  fifth  has  its  nuclear  origin. on  the  floor  of  the  fourth  ven- 
tricle representing  the  motor  nucleus.  The  sixth  originates  in  the  floor 
of  the  fourth  ventricle  and  the  seventh  in  the  pons  substance  beneath  the 
floor  of  the  ventricle.  The  eighth  has  three  nuclear  origins  in  the  lateral 
part  of  the  floor  of  the  fourth  ventricle,  the  superficial  giving  rise  to  the 
cochlear  branch  and  the  deeper  part  to  the  vestibular  branch.  The  ninth, 
tenth  and  eleventh  nerves  arise  from  the  lateral  portion  of  the  gray  mat- 
ter in  the  medulla  in  the  upper  part  of  the  spinal  cord.  The  twelfth  has 
its  nucleus  in  the  lower  part  of  the  medulla  close  to  the  median  line.. 

The  cranial  nerves  cannot  be  classified  according  to  their  uses,  the 
most  convenient  arrangement  being  that  of  their  number  as  they  pass  from 
the  cranium.  They  have  been  classified  as  (1)  nerves  of  special  sense, 
lsU  .2lltLand_8th  with  a gustatory  branch  of  the  9th  and  a branch  of  the  7th 
to  the  lingual  brancFof  the  5th.'  (2)  Motor  nerves,  the  third,  fourth  and 
sixth  in  connection  with  the  muscles  of  the  eye,  a masticatory  branch  of 
tlre_fifth,  the  seventh,  eleventh  and  twelfth.  - (3)  Sensory  nerves,  the  ninth 
and  tenth  and  the  trifacial  root  of  the  fifth.  This  arrangement  simply  classi- 
fies the  nerves  from  their  roots,  whereas,  the  branches  become  mixed. 
According  to  Dalton  there  are  three  pairs  outside  of  the  three  of  the 
special  senses,  these  three  pairs  represent  motor  and  sensory  nerves. 
(1 ' .Sensory,  the  fifth.  Motor,  third,  fourth,  sixth,  and  seventh  and  a 
motor  root  of  the  fifth;  the  distribution  being  found  in  the  upper,  middle 
and  lower  facial  region.  (2)  Sensory,  the  ninth.  Motor,  the  twelfth. 

I he  distribution  being  found  in  the  regions  of  the  tongue  and  the 
pharynx.  (3)  Sensory,  the  tenth;  motor  the  eleventh,  distributed  in  the 
passages  of  respiration  and  deglutition.  The  cranial  nerves  pass  through 
the  foramina  in  the  base  of  the  cranium.  Of  the  cranial  nerves  three 
di  e exculsively  associated  with  the  special  senses,  the  optic,  auditory  and 
olfactory.  Two  are  common  nerves  and,, also  connected  with  sensation, 
the  fifth  and  eighth,  the  former  having  a motor  fibre  of  its  own  and  the 
latter  receiving  motor  fibres  from  the  vagi  roots  and  the  spinal  accessory. 
All  the  rest  are  motor,  the  facial  being  associated  with  sensory  fibres. 
(;raskell  makes  two  divisions  of  the  cranials;  (1)  four  nerves  with  full  seg- 
mented development,  of  which  portions  are  lost  because  their  function  ?s 
lost,  the  third,  fourth,  sixth  and  motor  parts  of  the  fifth  and  seventh.  (2) 
b ive  segmented  nerves  in  which  division  has  taken  place  to  compensate 

,i  t le  *os*  parts  of  nerves;  the  ninth,  tenth,  eleventh  and  twelfth  and 
tiie  sensory  portion  of  the  fifth. 

(a)  1 he  Olfactory  Nerve  or  Nerve  of  Smell.  This  consists  of  the 
non-medullated  nerve  fibres  which  come  off  from  the  olfactory  bulb,  rep- 
i esenting  a lobe  of  the  brain,  originating  by  three  roots  from  the  frontal 

0 ie,  the  anterior  white  commissure  and  the  sphenoidal  lobe.  Branches 
ai  c distributee!  to  the  upper  two-thirds  of  the  ethmoidal  portion  of  the 
mucous  menbraneof  the  nasal  fossae.  If  this  nerve  is  cut  the  loss  of 

e power  of  smell  results,  although  irritating  odors  can  still  be  appre- 
t 'V'h*. ’ as  ^ese  stimulate  the  nerves  of  ordinary  sensation  which  pass 
° e nasal  fossae.  It  is  purely  sensory-,  carriyng,  impulses  froni  theolfac- 

01  v end  oigan  in  the  nasal  membrane.  Physiologically  stimulation  takes 
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place  in  normal  conditions  by  odorous' bodies,  although  other  stimuli  mar 
cause  a sensation  of  smell.  If  the  olfactory  nerves  are  absent  or  divided 
the  sense  of  smell  does  not  exist.  Each  olfactory  nerve  is  connected  in 
both  hemispheres.  The  olfactory  nerve  connection  is  indicated  by  means 
of  its  anatomical  relation  in  connection  with  the  olfactory  tracts  and  the 
olfactory  bulbs.  In  some  animals  the  sense  of  smell  is  very  acute  and  in 
these  the  olfactor}^  bulbs  and  tracts  are  increased  as  compared  with  those 
found  in  man  so  that  there  is  a correspendence  between  these  tracts  and 
bulbs  and  the  development  of  the  special  sense. 

(b)  The  Optic  Nerve.  It  represents  the  prolongation  of  the  optic 
tract  and  has  three  roots,  the  anterior  arising  from  the  posterior  portion 
of  the  optic  thalamus;  the  middle  from  the  external  corpus  geniculatum 
and  the  anterior  corpora  quadrigemina;  and  the  posterior  from  the  inter- 
nal corpus  genticulatum  and  the  posterior  corpora  quadrigemina.  These 
roots  constitute  the  optic  tract,  the  two  optic  tracts  uniting  in  the  forma- 
tion of  the  optic  commissure.  There  is  afdecussatation  tif  the  optic  fibres  in 
the  chiasm,  about  half  of  the  fibres  crossing  to  the  optic  nerve  on  the  op- 
posite side,  with  the  result  that  the  right  tract  supplies  the  right  half  of 
the  two  eyes  and  the  left  tract  the  left  half  of  the  two  eyes.  In  this  wav 
the  corresponding  parts  of  each  retina  are  closely  connected  with  one 
hemisphere.  It  is  purely  a sensory  nerve  and  represents  the  sense  of 
vision.  Peripherally  it  is  represented  by  the  retinal  layer  and  cerebral!  v 
in  the  occipital  region.  Division  of  the  optic  nerve  results  in  blindness  of 
the  corresponding  eye  and  the  stimulation  of  its  central  end  causes  light 
sensations.  Normally  the  light  must  make  impressions  upon  the  optic 
nerve  through  the  retina.  The  optic  fibres  pass  over  the  median  line  ac 
the  optic  chiasm,  the  decussation  being  as  we  have  seen  partial,  each 
optic  nerve  giving  a large  number  of  fibres  to  the  optic  tract  on  the  oppo- 
site side  and  a few  to  the  optic  tract  on  the  same  side.  In  the  case  of 
a human  subject  if  one  optic  tract  is  destroyed  we  find  unilateral  hemi- 
opia.  This  represents  the  loss  of  sight  in  the  lateral  halves  of  the  two 
retinae,  the  blinded  part  being  divided  from  the  seeing  part  by  an  ideal 
vertical  line.  Physiologically  the  stimulation  of  the  optic  nerve  takes 
place  only  in  connection  with  vibrations  in  connection  with  the  retinal  rods 
and  cones.  Other  forms  of  stimulation  when  applied  to  the  nerve  produce 
reflexly  pupil  contraction  in  connection  with  the  third  nerve.  Bv  strong 
stimulation  of  the  optic  nerve  the  eyelids  may  be  closed  and  a lachrymal 
secretion  may  follow.  The  optic  nerve  is  connected  with  two  centers, 
the  general  visual  center  and  the  center  that  is  associated  with  the  contrac- 
tion of  the  pupil.  Pathologically  blindness  may  be  associated  with  the 
activity  of  the  iris  and  on  the  other  hand  the  iris  may  lose  its  movements 
without  a loss  of  vision.  According  to  Gudden  there  are  two  kinds  of 
fibres  in  connection  with  the  optic  nerve,  delicate  fibres  whose  center  is 
found  in  the  corpora  quadrigemina  on  the  opposite  side  and  the  large  pu- 
pil contracting  fibres  which  are  associated  with  the  external  corpus  gei.- 
iculatum  as  a center.  If  the  small  fibres  are  divided  blindness  results, 
while  if  the  large  ones  are  divided  there  is  a dilatation  of  the  pupils.  The 
optic  nerve  represents  optic  tracts  uniting  the  cerebrum  with  the  retinal 
layers  in  the  eyeball.  These  fibres  only  carry  impulses  that  originate  in 
connection  with  rays  of  light,  these  impulses  producing  the  light  sensation 
in  connection  with  the  cerebrum.  Magendie  claims  that  the  retina  and 
the  optic  nerve  is  not  sensitive  to  pain,  the  removal  of  the  eyeball  and  the 
division  of  the  optic  nerve  not  being  painful.  In  addition  to  the  special 
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function  of  the  optic  nerve  in  transmitting-  the  impression  received  by  the 
retina  to  the  center  in  the  brain  the  optic  nerves  represent  the  nerve  paths 
in  connection  with  reflex  contraction  of  the  iris.  These  latter  movements 
regulate  the  amount  of  light  that  is  admitted  to  the  eye  and  represent 
purely  involuntary  actions  stimulated  by  impressions  conveyed  along  the 
optic  nerve  to  the  corpora  quadrigemina.  This  impulse  is  transmitted 
to  the  nucleus  of  the  third  nerve  along  which  it  passes  as  an  afferent 
impulse. 

(c)  The  oculo-motor  nerve.  It  arises  near  the  origin  of  the  fourth 
nerve  in  the  gray  matter  above  the  Sylvian  aqueduct.  Passing  from  the 
internal  crural  margin  it  terminates  in  two  branches,  the  upper  supply- 
ing the  superior  rectus  and  the  levator  palpebrae  superioris  and  the  low- 
er supplying  the  rectus  interims,  the  rectus  inferior  and  also  the  infer- 
ior oblique,  the  circular  fibres  of  the  iris  and  the  ciliary  muscles.  From 
the  lower  branch  a nerve  passes  to  the  ciliary  ganglion.  On  the  oppo- 
site side  this  nerve'is  connected  with  the  posterior  portion  of  the  parietal 
lobe.  It  is  purely  motor  supplying  all  the  muscles  of  the  eyeball  except 
the  superior  oblique,  which  is  supplied  by  the  fourth  and  the  rectus  ex- 
ternus  supplied  by  the  sixth.  Hence  when  the  third  nerve  is  cut  the 
eyeball  is  turned  outward  and  downward,  the  upper  eyelids  drop,  the 
pupil  dilates  and  the  power  of  accommodation  is  lost.  If  the  peripheral 
end  is  stimulated  these  effects  are  counteracted.  If  the  two  branches  are 
M)lid  the  vision  is  adapted  to  both  eyes.  When  the  muscles  are  paraly- 
zed after  division,  there  is  double  vision  due  to  the  elevation  of  the  image 
on  the  paralyzed  side.  This  nerve  contains  the  motor  fibres  in  connec- 
tion with  all  the  muscles  except  the  external  rectus  and  superior  oblique, 
although  the  eyeball  movements  in  coordination  are  not  dependentupon 
voluntary  action.  We  also  find  in  this  nerve  the  fibres  which  control  the 
pupillary  sphincter  depending  for  excitation  on  impulses  along  the  optic 
nerve.  The  voluntary  fibres  in  connection  with  the  ciliary  muscle  are 
found  inthis  nerve  representing  the  power  of  accomodation.  It  is  claimed 
by  some  that  the  stimulation  of  this  nerve  causes  a condition  that  is  anal- 
ogous to  near-sightedness.  The  center  in  connection  with  the  stimula- 
tion of  the  sphincter  fibres  of  the  pupil  is  found  in  the  medulla.  This  rep- 
resents a purely  motor  nerve,  its  stimulation  being  associated  with  con- 
vulsive movements  of  the  muscles  of  the  eyeball,  if  the  stimulation  takes 
] lace  inside  the  cranium.  If  the  nerve  is  divided  paralysis  follows  in 
connection  with  the  muscles  to  which  the  nerve  is  distributed,  resulting 
in  a condition  of  external  strabismus,  the  external  muscle  and 
the  internal  being  no  longer  associated  in  their  anatago- 
nistic  action.  There  is  also  found  an  absence  of  mobility 
on  the  part  of  the  eyeball  on  account  of  the  absence  of  its  rotatory 
motions.  The  muscles  that  are  not  paralyzed,  namely,  the  external  re- 
ctus and  the  superior  oblique  do  not  maintain  their  antagonistic  action  in 
relation  to  the  paralyzed  muscles.  Accompanying  this  is  the  falling  of 
the  upper  eyelid.  In  the  normal  action  of  the  eye  the  upper  eyelid 
only  moves  so  that  when  the  oculo-motor  nerve  is  cut  off  there  is  no  longer 
motion  of  the  upper  eyelid,  the  result  being  that  the  eyelid  droops,  cover- 
ing over  the  upper  part  of  the  cornea  and  the  greater  part  of  the  pupil. 

1 he  third  nerve  is  also  associated  with  the  contractile  movement  of  the 
iris.  rl  he  connection  of  the  third  nerve  with  the  iris  muscle  is  not  di- 
rect, as  it  is  established  by  means  of  the  ophthalmic  ganglion  into  which 
there  is  sent  from  it  a motor  fibre  and  from  this  ganglion  the  ciliary 
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nerves  arc  given  off  to  the  iris.  In  the  case  of  the  division  of  the  third 
nerve  the  movements  of  the  iris  are  affected  but  it  is  claimed  bv  some 
that  the  action  takes  place  through  the  ganglion.  In  the  case  of  experi- 
ments upon  lower  animals  like  the  dog,  the  stimulation  of  the  central  end 
of  the  optic  nerve  produces  pupil  contraction  in  both  eyes;  this  does  not 
take  place  if  the  third  nerve  is  divided.  It  has  been  found  that  when  the 
the  third  nerve  is  divided  the  pupil  is  dilated  and  in  the  case  of  the  eve 
that  is  operated  on  contraction  takes  place  only  imperfectly  in  connection 
with  the  rays  of  light.  Complete  paralysis  has  not  taken’place  as  move- 
ment is  still  possible  in  connection  with  the  fifth  nerve.  The  third  nerve 

therefore  seems  to  act  reflexly  as  a result  of  the  stimulation  of  light,  but 
the  action  takes  place  only  through  the  ophthalmic  ganglion. 

(d)  The  fourth,  trochlear  is  or  pathetic  nerve.  The  nerve  arises 
close  to  the  root  of  the  third.  After  crossing  the  nerve  fibres  appear  on 
the  uppci  cruia  ceiebelli.  It  is  a motor  nerve  and  supplies  the  superior 
oblique  muscle  of  the  eye  regulating  eye  rotation.  When  this  nerve  is 
paralyzed  the  head  turns  in  a slanting  position  towards  the  paralyzed 
side.  If  the  nerve  is  cut  the  eye  turns  upwards  instead  of  rotating 
downward  and  outward  and  it  also  turns  to  one  side.  It  represents  a 
voluntary  motor  nerve  although  in  the  case  of  coordinated  movements  it  is 
involuntary.  In  the  case  of  paralysis  of  this  nerve  there  is  a partial  loss 
of  mobility  in  the  eyeball  outward  and  downward  and  also  a slight  squin- 
ting inward  and  upward  with  double  vision.  This  nerve  is  distributed 
to  a muscle  which  has  no  other  nerve  connection.  By  the  use  of  electri- 
city in  connection  with  the  stimulation  of  the  nerve  inside  the  cranium 
there  is  found  to  result  contraction  of  the  superior  oblique  muscle  while 
the  eyeball  rotates  on  its  long  axis  from  without  inward.  Where  para- 
lysis of  the  nerve  exists  in  the  human  subject  the  eyeball  is  incapable  of 
rotation  on  the  side  that  is  affected,  the  images  being  placed  obliquely, 
one  over  the  other,  with  a resulting  double  vision.  This  nerve  acts  in 
conjunction  with  the  third  nerve  in  preserving  the  horizontal  plane  that  is 
associated  with  the  eyeball. 

(e)  The  fifth  or  trigeminal  nerve.  This  nerve  arises  by  two  roots, 
one  root  sensory  originating  in  the  gray  matter  of  the  medulla  and  an- 
other root  motor  arising  from  the  nuclei  of  the  gray  matter;  the  motor 
root  arising  from  the  nucleus  in  the  floor  of  the  fourth  ventricle  and 
around  the  Sylvian  aqueduct,  the  sensory  root  arising  in  the  floor  of  the 
fourth  ventricle  and  in  the  medulla  and  pons,  these  two  corresponding 
with  the  posterior  and  anterior  horns  of  the  spinal  cord.  These  roots 
arise  from  the  side  of  the  pons,  the  motor  being  smaller  and  the  sensory 
larger  having  on  it  the  Gasserian  ganglion.  The  origins  of  the  sensory 
root  freely  anastomose  in  connection  with  the  motor  nerves  that  arise  in 
the  medulla  except  the  sixth.  This  forms  the  reason  why  there  are  so 
many  reflex  actions  in  connection  with  the  fifth  nerve.  The  sensory 
root  divides  into  three,  (1)  the  ophthalmic  branch,  which  supplies  sensory 
fibres  to  the  eyebrow,  upper  eyelid,  nasal  fossae  and  forehead,  the  con- 
junctiva, nasal  mucous  membrane,  the  periosteum,  frontal  orbital  and 
nasal  regions,  the  infra-orbital  muscles,  etc.  It  also  supplies  the  lachry- 
mal mucous  membrane  influencing  the  lachrymal  secretion.  It  has  also 
connections  with  the  otic  ganglion  and  has  a vaso-motor  nerve  to  the  iris 
and  retina  and  sympathetic  fibres  to  the  iris.  (2)  The  superior  max- 
illary branch  supplies  sensory  fibres  to  the  lower  eyelid  from  the  nasal 
fossae,  pharyngeal  region,  eustachian  tube,  upper  teeth,  palate,  chest,  etc. 
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It  also  supplies  the  nasal  and  palate  glands  and  furnishes  vasomotors 
to  the  blood  vessels  from  the  sympathetic.  (3)  The  inferior  maxillary 
branch  supplies  sensory  fibres  to  the  lower  teeth,  mucous  membrane  of 
the  mouth  and  tongue,  skin  of  the  lower  part  of  the  face,  chin,  lips,  gums, 
tympanum,  etc.  It  represents  the  action  of  the  nerve  supply  in  connec- 
tion with  taste,  audition  and  secretion.  With  this  third  branch  there 
joins  the  motor  root  which  supplies  the  muscles  of  mastication,  the  anter- 
ior belly  of  the  digastric  and  the  mylo-hyoid  muscles.  Thus  the  inferior 
maxillary  is  senso-motor.  If  the  sensory  root  is  cut  sensation  is  lost  in 
the  external  and  mucous  surfaces  of  the  head,  face,  in  the  saliva  glands 
and  also  the  lachrymal  glands  and  the  teeth,  while  the  tongue  loses  both 
sensation  and  taste.  Mastication  becomes  difficult  on  account  of  the  loss 
of  sensibility.  Accompanying  this  we  find  inflammation  and  ulceration 
of  the  cornea  and  finally  complete  destruction  of  the  e3'eball.  If  the  nerve 
is  cut  on  one  side  the  jaw  is  pulled  out  to  the  one  side  that  remains  in- 
tact. The  chief  characteristic  of  the  fifth  nerve  is  its  sensory  character 
,u  connection  with  the  cheeks  and  eyelids,  the  lips,  the  nose  and  the 
tongue  which  possess  in  a delicate  degree  sensibility.  The  nerve  is  very 
sensitive  to  mechanical  stimulation  and  will  respond  to  stimulation  even 
when  the  spinal  nerve  seems  to  be  insensitive.  In  connection  with  the 
division  of  this  nerve  yve  find  the  absenec  of  sensibility,  for  example,  by 
dividing  the  infra-orbital  branch,  the  sensation  of  touch  may  be  entirely 
abolished  in  a portion  of  the  face.  By  dividing  the  entire  nerve  before  it 
leaves  the  cranium  it  is  found  that  there  is  an  entire  loss  of  sensibilitv  in 
connection  with  the  skin  and  the  mucous  surfaces  of  the  face  as  well  as  in 
the  case  of  the  eyelids.  According  to  Longet  when  the  fifth  nerve  is  di- 
vided  there  is  the  entire  absence  of  pain  in  connection  with  the  most  pain- 
ful stimulation  of  the  cord  supplied  by  this  nerve.  In  this  nerve  we  find 
the  seat  of  neuralgic  conditions  associated  with  the  head  and  the  face,  as 
tor  example  in  the  case  of  headache,  either  general  or  limited  to  a point 
ot  the  head.  In  connection  with  toothache  there  is  an  irritation  of  the 
dental  tibie  of  the  fifth  nerve.  In  the  case  of  tic  douloureux  we  find  the 
most  severe  neuralgic  conditions  associated  with  one  of  the  principal 
branches  of  the  nerve  in  connection  with  the  face.  The  lingual  branch 

0 the  filth  nerve  has  its  connection  with  the  mucous  membrane  of  the 
tongue,  sensibility  being  very  fully  developed  in  connection  with  the  an- 
tenor  portion  of  the  tongue  and  particularly  at  the  tip  of  the  tongue.  If 
the  nith  nerve  is  divided  inside  the  cranium  or  if  both  of  the  lingual 
nerves  are  divided  the  tongue  sensibility  is  entirely  lost.  This  lingual 
sensibility  has  an  important  bearing  upon  the  digestive  function  in  con- 
nection with  the  appreciation  of  food  flavor  and  also  in  assisting  in  the 
masticatory  process  which  prepares  the  food  for  swallowing.  In  the  ling- 
ua nerve  branch  we  also  find  the  sensibility  of  taste  although  this  taste 
function  cannot  be  very  well  understood  on  account  of  the  difficulty  in 
separating  the  different  portions  of  the  mouth  in  connection  with  experi- 
ments. it  has  been  found  that  the  margin  and  the  upper  surface  of  the 
ongue  in  the  anterior  portion  can  perceive  taste  sensations  and  according 
to  Bernard  the  division  of  the  lingual  nerve  abolishes  the  taste  function. 

1 he  muscular  branches  of  the  fifth  nerve  are  all  found  in  connection  with 

ninri^r'1^  maxillary  branch  being  distributed  to  the  temporal,  masseter, 
f a"d  mylc-hyo.d  muscles.  These  branches  have  a very  close 

• r • . Tf  tHfe  mastlcatory  movement.  The  superior,  middle  and  inferior 
c vas  of  the  face  receive  nerve  branches  from  the  fifth  and  the  adjoining 
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parts  of  the  face  receive  fibres  from  different  sources  so  that  there  is  a 
complexity  of  fibres  in  connection  with  the  different  regions.  For  exam- 
ple, in  the  case  of  the  lower  eyelid  we  find  the  anastomosis  of  fibres  from 
the  infraorbital  and  the  ophthalmic  branches.  The  skin  of  the  nose  also 
receives  branches  from  the  infraorbital  and  the  ophthalmic  branches. 
The  most  characteristic  anastomosing  branch  is  found  in  connection  with 
the  facial  nerve  to  which  we  find  sensory  branches  passing  from  the  fifth. 
It  is  found  impossible  to  destroy  sensibility  completely  in  any  face  region 
by  the  division  of  a single  branch  of  the  fifth,  sensibility  still  continuing  in 
connection  with  the  anastomosing  fibres  from  other  branches  of  the  nerve. 
In  connection  with  the  sense  of  smell  we  find  that  the  nasal  passages  are 
supplied  by  the  olfactory  nerve  as  well  as  the  nasal  branches  of  the  fifth 
in  its  distribution  to  the  lower  parts  in  connection  with  which  we  find  gen- 
eral sensibility.  We  also  find  fibres  from  the  sympathetic  spheno-pala- 
toid  ganglion  to  the  mucous  membrane,  these  fibres  being  derived  from 
the  superior  maxillary  branch  of  the  fifth.  General  sensibility  in  connec- 
tion with  the  nasal  passages  is  not  destroyed  by  destroying  the  sense  of 
smell,  but  if  the  fifth  nerve  is  divided  the  general  sensibility  of  the  mucous 
membrane  is  abolished  so  that  the  power  of  smell  is  destroyed.  In  con- 
nection with  the  anterior  portion  of  the  eyeball  we  find  sensory  branches 
from  the  fifth  nerve.  In  connection  with  the  iris  and  cornea  we  find  fibres 
from  the  sympathetic  ganglion  which  derives  its  sensory  root  from  the 
fifth  nerve.  In  connection  with  the  lingual  branch  of  the  fifth  nerve  we 
find  the  communication  established  in  connection  with  the  anterior  part 
of  the  tongue  in  relation  to  general  sensibility  and  the  sensations  of  taste. 
The  fifth  nerve  is  supposed  to  be  associated  with  the  sense  of  hearing  in 
connection  with  the  fibres  furnished  to  the  external  ear  from  the  auriculo- 
temporal branch,  its  connection  with  the  deeper  portions  of  the  organ  of 
hearing  being  established  in  connection  with  the  sympathetic  otic  gang- 
lion to  which  fibres  pass  from  the  inferior  maxillary  division,  a fibre  pass- 
ing backward  to  the  plexus  found  in  the  interior  membrane  of  the  tym- 
panum. 

We  find  among  the  g'anglia,  (1)  the  ophthalmic  ganglion.  If  de- 
stroyed the  cornea  becomes  insensible  and  the  pupil  becomes  dilated. 
The  fifth  supplies  all  the  sensory  fibres,  the  motor  fibres  coming  from 
the  third  and  the  sympathetics.  (2)  The  spheno-palatoid  is  found  in  con- 
nection with  the'superior  maxliary  branch.  Its  removal  does  not  inter- 
fere with  the  smell  or  taste  and  no  change  takes  place  in  the  trophic 
influence  exerted  upon  the  fibres.  The  facial  by  the  great  superficial 
petrosal  and  by  its  union  with  the  carotids  supplies  the  motor  fibres,  the 
fifth  supplying  the  sensoi'y  fibres,  together  with  the  sympathetics  from 
the  carotid  plexus.  (3)  The  otic  ganglion  is  associated  with  the  inferior 
maxillary.  The  motor  fibres  probably  come  from  the  facial  through  the 
small  superficial  petrosal  and  the  sensory  fibres  from  the  glossopharyn- 
geal and  the  sympathetics  from  the  plexus  of  the  middle  meningeal 
artery.  It  is  through  this  ganglion  that  the  secretory  fibres  pass  to  the 
parotid  gland.  Its  roots  are  found  in  connection  with  the  inferior  maxillary, 
the  vasomotors  from  the  middle  meningeal  plexus  and  the  fibres  from  the 
tympanic  branch  of  the  glosso-pharyngeal.  The  facial  nerve  is  connected 
with  tins  uanglion  by  the  chordatympani.  The  branches  of  this  ganglion 
are  found  in  connection  with  the  motor  fibres  for  the  tensor  tympani  and 
the  tensor  of  the  soft  palate  and  also  branches  uniting  the  ganglion 
with  the  auriculo-tvmporal  from  the  sympathetic  and  glossopharyngeal. 
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(4)  The  submaxillary  ganglion  is  associated  by  means  of  anterior  and 
posterior  roots  with  the  lingual  branch  of  the  fifth  nerve.  Along  the 
posterior  root  fibres  pass  from  the  chorda  tympani  and  the  inferior  max- 
illary nerve.  The  sympathetics  also  send  out  fibres  from  the  plexus  in 
connection  with  the  facial  artery  to  the  ganglion.  Its  roots  are  found  in 
connection  with  the  chorda  tympani  branches,  furnishing  secretory  fibres 
and  also  vasomotor  fibres  to  the  submaxillary  and  sublingual  glands.  Its 
sympathetic  root  arises  from  the  plexus  in  connection  with  the  sub- 
mental  branch  of  the  external  maxillary  artery  in  connection  with  which 
we  find  secretory  and  trophic  fibres.  Its  sensory  root  arises  from  the 
lingual,  some  of  the  fibres  passing  through  the  ganglia  and  supplying  the 
gland  as  well  as  its  excretory  ducts,  a few  of  them  uniting  with  the 
tympano-lingual  branch  of  the  tongue. 

(f)  he  abducens  or  sixth  nerve.  It  arises  from  the  middle  of  the 
fourth  ventricular  floor  passing  between  the  medulla  and  pons.  It  sup- 
plies the  external  rectus  muscle  of  the  eyeball  representing  the  voluntary 
nerve  in  connection  with  this  muscle,  although  in  the  coordinated  eyeball 
movements  it  is  involuntary.  If  the  nerve  is  cut  the  eye  is  dragged  in- 
ternally, resulting  in  a rotatory  movement  of  the  eye  with  an  oblique 
pupil  position.  Six  muscles  supply  the  eyeball,  the  four  recti  muscles 
and  the  two  oblique  muscles,  the  upper  eyelid  being  raised  by  the  levator 
palpebrae  superioris.  There  are  seven  pairs  of  nerves  engaged  in  the 
optic  work.  The  orbicularis  palpebrarum  closes  the  eyelid,  the  seventh 
supplies  the  nervous  connections.  Sometimes  the  origin  of  the  facial 
is  involved  from  the  opposite  side  if  this  muscle  is  paralyzed.  If  the 
other  muscles  are  paralyzed  the  facial  trunk  is  affected.  When  the  eye- 
lids are  first  closed  the  upper  lids  falling  over  the  eye  there  is  a paralysis 
of  the  levator  palpebrae  superioris  affecting  the  third  nerve.  The  mus- 
cles supplied  by  the  third  nerve  including  all  the  eye  muscles  except  the 
externus  rectus  and  the  superior  oblique  produce  rotation  of  the  eyeball 
internally  and  also  upward.  The  superior  oblique  supplied  by  the  fourth 
moves  the  eyeball  down  and  outand  therectusexternussupplied  by  the  sixth 
moves  the  eyeball  outward.  In  paralysis  of  the  third  the  eyeball  will  be 
extended  down  and  out  with  divergent  strabismus.  If  the  fourth  is 
pai  alyzed  the  ball  is  directed  up  and  internally  with  convergent  strabis- 
mus just  the  same  as  in  paralysis  of  the  sixth.  This  strabismus  involves 
double  sight  and  always  involves  more  or  less  movement  of  the  head  in 
the  attempt  to  rectify  the  vision.  This  usually  produces  unsteadiness 
in  locomotion.  In  connection  with  the  experiments  upon  rabbits  and 
hoi  ses  this  nerve  is  found  to  be  exclusively  a motor  nerve,  its  stimulation 
at  its  origin  producing  contraction  of  the  external  rectus  muscle  of  the 
eyeball.  In  this  it  differs  from  the  trigeminal  which  always  gives  rise 
to  increased  sensibility. 

<g)  I he  facial  nerve.  The  seventh  nerve  arises  in  the  deep  portion  of 
the  pons  at  the  level  of  the  sixth  nucleus.  The  nerve  fibres  run  back- 
wai  d and  inward  to  the  floor  of  the  fourth  ventricle,  bending  outward  to 
pass  over  the  sixth  nucleus,  bending  forward  to  the  lower  margin  of  the 
pons.  1 he  seventh  nerve  represents  the  motor  nerve  to  the  facial  miis- 
c es  regulating  the  facial  expression.  The  fibres  that  connect  the  nu- 
cieus  and  the  cerebral  cortex  decussate  in  the  pons  so  that  a lesion  above 
. ,ls  Pr°duces  paralysis  of  the  face  on  the  side  opposite  to  the  lesion,  be- 
ing confined  to  the  muscles  of  the  lower  part  of  the  face.  In  some  cases 
ie  pyramidal  tract  and  the  facial  nerve  are  injured,  paralysis  being  found 
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ill  the  face  on  the  same  side  as  the  lesion.  In  connection  with  the  chorda 
tympani  it  represents  the  pathway  of  vaso-dilator  and  secretory  impulses, 
i he  libi  es  associated  with  taste  in  the  chorda  tympani  spring  from  the 
glosso-pharyngeal.  By  the  paralysis  of  one  side  the  face  ceases  to  he  ex- 
pressionable,  the  eyes  are  closed,  the  movements  of  the  lips  are  inter- 
rupted and  mastication  is  interfered  with,  the  muscles  being  drawn 
towards  the  opposite  side.  When  a lesion  is  found  in  connection  with  the 
seventh  nerve  in  the  fallopian  aqueduct  salivation  and  taste  are  interfered 
with.  If  the  nerve  is  divided  at  its  root  the  muscles  of  the  face  will  be 
paralyzed,  tho  features  being  drawn  towards  the  solid  side.  The  side 
paralyzed  becomes  more  prominent,  the  eyes  being  wide  open  and  bulg- 
ing. On  one  side  the  lips  are  paralyzed,  although  mastication  is  not  sus- 
pended. There  is  an  affection  of  the  speech  interfering  with  the  pronun- 
ciation of  certain  letters  and  sounds,  a lessening  of  salival  secretion  and 
an  interference  with  deglutition,  sometimes  the  hearing  is  also  affected, 
althoug'h  sensibility  is  not  lost.  This  is  the  special  nerve  of  facial  expres- 
sion. it  is  connected  by  a fibre  with  the  auditory  nerve.  After  passing 
into  the  fallopian  aqueduct  it  enlarges  into  the  ganglion  geniculatum 
where  connection  is  established  with  the  otic  and  spheno-palatoid  ganglia 
bv  the  small  and  large  superficial  petrosals.  At  its  origin  the  facial  is  not 
sensitive,  but  it  becomes  sensitive  later,  for  example,  in  anastomosis  with 
the  vagi.  The  branches  of  the  facial  are  found  in  connection  with  the 
large  superficial  petrosal,  connecting  branches  passing  from  the  genicula- 
tum gangdion  to  the  otic  ganglion,  a motor  branch  to  the  stapedius  muscle; 
the  chorda  tympani,  which  arises  from  the  facial  before  it  passes  out  at 
the  stylo-mastoid  foramen  and  passes  throug’h  the  tym  oanic  cavity  emerg- 
ing from  the  skull  in  the  petro-tympanic  fissure  and  uniting  with  the  lin- 
gual nerve.  When  the  facial  passes  out  of  its  canal  it  furnishes  motor 
fibres  to  the  stylo-hyoid  and  the  posterior  belly  of  the  digastric,  together 
with  the  muscles  of  expression,  the  buccinator  muscles  and  the  muscles 
of  the  external  ear.  The  facial  branches  of  the  seventh  anastomose  in 
connection  with  the  trigeminal  so  that  in  this  way  sensory  fibres  pass  to 
the  muscles  of  expression.  The  sensory  branches  of  the  auricular  pneu- 
mogastric  branch  pass  into  the  peripheral  portions  of  the  facial,  furnish- 
ing sensibility  to  the  muscles  of  the  ear.  If  the  facial  nerve  is  divided  at 
the  stylo-mastoid  foramen  it  produces  a painful  sensation,  this  pain  being 
increased  by  dividing  the  peripheral  branches  in  connection  with  the  face. 
By  dividing  the  trigeminal  nerve  there  is  a complete  destruction  of  tactile 
sensation  even  although  the  facial  remains  intact.  In  the  case  of  paralysis 
of  the  orbicularis  oculi,  the  eye  on  the  side  that  is  affected  remains  open 
on  account  of  the  fact  that  the  muscles  which  open  and  close  the  eyes  re- 
ceive different  nerve  connections,  the  orbicularis  oculi  receiving  fibres 
from  the  facial.  When  the  facial  nerve  is  paralyzed  it  is  impossible  com- 
pletely to  close  the  eyelid  although  the  movements  of  the  pupil  and  eyeball 
are  i ot  affected.  When  the  facial  nerve  is  divided  we  find  the  opposite 
effect  to  that  found  on  the  division  of  the  fifth  nerve,  namely,  paralysis  ol 
muscu'ar  aciion  without  any  interference  with  sensibility.  In  the  case  of 
the  division  of  the  facial  nerve  the  nostril  on  the  affected  side  collapses 
and  interferes  with  the  entrance  of  air  so  that  dyspnoea  results.  In  the 
case  of  paralysis  of  the  facial  nerve  the  nostril  movements  are  entirely  de- 
stroyed. When  the  facial  nerve  is  divided  the  nostril  is  in  a collapsed  coi  - 
diti<  n during  inspiration  and  during  expiration  it  is  partially  open  on  ac- 
count of  the  air  that  is  emitted.  When  the  facial  nerve  is  divided  the  normal 
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movements  of  the  lips  are  destroyed,  the  lips  becoming-  inactive,  the  cor- 
ner of  the  mouth  falling-  downwards  on  account  of  paralysis  of  the  orbicu- 
laris oris.  In  the  case  of  the  division  of  the  facial  nerve  the  ear  on  the  side 
of  the  division  ceases  to  move  and  hence  there  is  an  interference  with  the 
sense  of  hearing-.  Facial  paralysis  is  commonly  found  in  connection  with 
a diseased  condition  of  the  facial  nerve  trunk,  althoug-h  it  is  usually  lim- 
ited to  the  one  side  resulting-  in  a difference  of  expression  on  the  two  sides 
of  the  face.  In  the  case  of  disease  in  the  particular  branches  of  the  facial 
nerve  only  certain  parts  of  the  face  may  be  affected,  for  example,  paraly- 
sis may  be  found  in  the  lips  alone.  If,  however,  the  disease  is  in  the  nerve 
ti  unk  inside  the  fallopian  aqueduct  there  is  a facial  paralysis  on  the  one 
side.  In  connection  with  this  unilateral  paralysis  the  muscles  assume  a 
collapsed  appearance,  the  eye  remains  open,  the  eyelids  cease  to  move  and 
the  lower  lid  falls  down,  the  whole  side  of  the  face  assuming-  an  expres- 
sionless appearance.  In  addition  to  this  there  is  the  deviation  of  the 
mouth  and  the  lower  parts  of  the  face  on  the  one  side  towards  the  intact 
s>de  on  account  of  the  absence  of  the  antagonistic  action  of  the  muscles  on 
toe  two  sides  of  the  face.  Associated  with  this  there  is  an  interference 
with  mastication  and  deglutition  on  account  of  the  imperfect  action  of  the 
01  biculdi  is  01  is  and  also  an  interference  with  articulation  on  account  of 
the  fact  that  the  lips  cannot  be  brought  together  as  in  normal  conditions. 
\\  here  the  paralysis  is  bilateral  there  is  no  longer  a deviation  towards  one 
s:de  although  there  is  still  the  difficulty  in  articulation  on  account  of  the 
absence  of  conti  action  in  the  case  of  the  orbicularis  oris.  In  connection 
with  the  origin  of  this  nerve  there  are  decussating  fibres  which  give  a 
transverse  communication  in  connection  with  its  nucleus  in  the  floor  of 
tne  foui  th  ventricle  and  the  opposite  side.  There  is  undoubtedly  a 
eiossed  action  in  connection  with  the  facial  nerve  as  wre  find  in  cases  of 
hemiplegia  an  accompanying  facial  paralysis.  In  cases  where  the  cere- 
bral injury  is  higher  than  the  tuber  annulare  facial  paralysis  as  well  as 
the  body  paralysis  is  on  the  opposite  side.  In  the  case  of  a lesion  below 
tins  thei e is  usually  facial  paralysis  on  the  same  side  and  body  paralysis 
on  the  opposite  side.  This  indicates  that  the  facial  nerve  has  a crossed 
action  above  the  nucleus  affecting  the  opposite  side  and  below'  the  nucleus 
tne  same  side.  At  its  origin  this  nerve  is  distinctlv  motor  but  later  it  re- 
ceivers fibres  from  the  trigeminal  which  make  it  sensory. 

. . : ne  chief  branches  are  those  derived  from  the  inferior  maxillary 

branch  of  the  fifth  which  unite  with  the  facial  after  it  passes  out  of  the 
stylo-mastoid  foramen.  In  addition  to  this  there  is  an  anastomosis  of  the 
acial  branches  with  the  supra-and  infra-orbital  branches  of  the  fifth 
nei  ve  m connection  with  the  anterior  portion  of  the  face.  In  its  passage 
through  the  petrous  pan  of  the  temporal  bone  the  facial  gives  off  some 
loi  es  which  connect  it  with  other  nerves  and  with  the  sympathetic  gang- 
m,  the  connections  themselves  being  indistinctly  understood.  In  connec- 
_ °n.  -WIt , the  geniculate  ganglion  there  is  found  a delicate  fibre  which 


lOi.nccting  the  facial  with  the  spheno-palatoid  ganglion  represents  the 
m ofi,r  ganglion  roots  Beneath  tins  fibre  there  ^another  small  fibre  giv- 
h tu  ? the  S,ma]1  suPerficial  petrosal  which  establishes  connection 
tfie  otic  ganglion  and  the  tympanic  plexus  so  that  fibres  are  sent  out  to 


v/i 


671 


THK  PERIPHERAL  NERVOUS  SYSTEM. 


the  mucous  membrane  of  the  tympanum  and  the  tensor  tympanic  muscle. 
The  stapedius  branch  of  the  facial  passes  to  the  stapedius  muscle  thus 
influencing-  the  mechanism  of  audition,  facial  paralysis  being-  sometimes 
accompanied  by  partial  deafness.  In  connection  with  the  descending  part 
of  the  facial  nerve  we  find  two  fibres  which  unite  with  the  pneumogastric 
and  the  glosso-pharyngeal  as  motor  fibres.  The  chorda  tympani  is  given 
off  from  the  facial  before  it  passes  out  of  the  stylo-mastoid  foramen,  some 
of  the  fibres  passing  to  the  submaxillary  ganglion  and  the  gland  while 
others  pass  on  with  the  lingual  nerve  to  the  tongue.  Ph vsiologicall v 
the  chorda  tympani  is  associated  with  the  circulatory  and  secretory  pro- 
cesses of  the  submaxillary  gland  and  also  the  tonguel 

(h)  The  eighth  nerve  or  the  auditory  nerve  arises  in  the  gray  mat- 
ter on  the  floor  of  the  fourth  ventrical  and  has  connection  established  with 
the  cerebellum,  its  function  being  auditory.  It  arises  from  two  roots  in 
the  medulla,  one  going  on  either  side  ot  the  restiform  body.  The  audi- 
tory nucleus  is  on  the  floor  of  the  fourth  ventrical  giving  rise  to  two  parts 
and  an  accessory  in  connection  with  the  restiform  body  forming  a nucleus 
for  the  dorsal  root.  The  two  roots  are  physiologically  distinct,  the  dor- 
sal root  carrying  the  cochlear  fibres  and  the  ventrical  root  the  fibres  to 
the  semicircular  canals.  The  eig'hth  nerve  represents  the  function  of 
audition  and  also  equilibrium  of  the  body.  We  find  in  the  internal  ear 
the  peripheral  end  org*an,  the  auditory  part  being  in  the  cochlear  and  the 
equilibrium  in  the  semicircular  canals.  By  the  division  of  the  eighth 
nerve  deafness  and  dizziness  result,  the  stimulation  of  the  central  end  pro- 
ducing subjective  audition  of  sounds.  There  are  thus  two  functions  in 
with  this  auditory  nerve,  that  of  hearing  and  that  of  the  equilibrium  of 
the  body  in  connection  with  ampullae  influence  that  are  associated  with 
the  body  movements.  When  the  semicircular  canals  are  injured  or  divid- 
ed there  is  not  an  interference  with  hearing  but  there  is  an  interference 
with  equilibrium.  It  is  very  characteristic  of  this  condition  to  find  the 
pendulum  movements  of  the  head  directed  towards  the  plane  of  the  divid- 
ed canal.  By  the  devision  of  the  horizontal  canal  there  is  alternate  move- 
ment towards  the  right  and  towards  the  left.  By  the  division  or  injury  of 
the  vertecal  canals  there  is  a characteristic  up  and  down  movement  of  the 
head.  If  all  the  canals  are  destroyed  it  is  impossible  to  maintain  the  erect 
posture,  When  the  auditory  nerve  is  divided  there  is  an  interference 
with  this  equilibrium  of  the  body.  In  connection  with  the  feeling  of  dizzi- 
ness that  is  produced  there  is  undoubtedly  a false  impression  of  the  body 
relation  to  the  environment  and  of  body  movements  to  the  environment. 
Associated  with  these  movements  are  also  found  characteristic  movements 
of  the  head  and  of  the  eyeballs  indicating  that  certain  impulses  are  lost. 
If  the  Sylvian  aqueduct  is  divided  at  the  level  of  the  auditory  nucleus  there 
is  a disappearance  of  the  normal  movements  of  the  head  and  eyeballs.  It 
is  claimed  by  some  that  a disturbance  of  equilibrium  and  also  the  giddy 
sensation  may  be  produced  by  passing  a constant  current  of  electricity 
through  the  head  so  as  to  bring  it  into  contact  with  tne  semicircular  canal. 
The  auditory  nerve  is  one  of  the  nerves  of  special  sense  communicating 
impulses  that  arc  used  by  sound  vibration  to  the  cerebrum.  It  forms  the 
exclusive  nervous  connection  between  the  internal  ear  and  the  brain. 

[i]  In  connection  with  the  rest  of  the  cranial  nerves  we  find  nerve 
distri oution  to  the  digestive  and  respiratory  passages  in  connection  with 
involuntary  movements.  The  nuclei  of  origin  are  very  close  together, 
these  nuclei  being  found  the  one  after  the  other  in  connection  with  the 
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medulla.  In  connection  with  the  glosso-pharyngeal  and  the  vagus  we  find 
each  possessing  a separate  ganglion  and  in  connection  with  the  spinal 
accessory  which  is  a motor  nerve  we  find  a distinct  nucleus  with  commu- 
nicating branches  to  the  glosso-pharyngeal  and  the  pneumogastric.  The 
glosso-pharyng’eal  or  ninth  nerve  is  in  the  main  a sensory  nerve,  the  sen- 
sory roots  arising  from  the  floor  of  the  fourth  ventricle  in  connection  with 
the  medulla.  It  has  motor  roots  that  arise  in  the  gray  matter  of  the  me- 
dulla. It  is  distributed  to  the  mucous  membrane  of  the  posterior  part  of 
tongue,  the  pillars  of  the  fauces,  the  epiglottis  and  the  tonsils  and  also  to 
the  tympanic  membrane  and  the  eustachian  tubes.  It  is  also  distributed 
to  the  mucous  membrane  of  the  pharynx.  It  has  motor  fibres  for  the 
constrictors  and  the  stylo-pharyngeus  and  sensory  fibres  for  the  mucous 
membrane  of  the  back  part  of  the  tongue  and  the  mouth.  The  ninth 
nerve  was  formerly  supposed  to  consist  of  a single  pair  divided  into  three 
separate  nerves,  the  glosso-pharyngeal,  the  pneumogastric  and  the  spinal 
accessory.  It  represents  the  taste  nerve  for  the  anterior  part  of  the 
tongue,  the  lateral  portion  of  the  soft  palate  and  the  fauces.  Asa  sensory 
nerve  impulses  may  be  originated  reflexly  in  connection  with  movements 
of  the  palate  and  of  the  pharynx.  It  represents  also  a motor  nerve  in  con- 
nection with  the  stylo-pharyngeus  aud  the  pharyngeus  constrictors  and 
according  to  some  an  inhibitory  nerve  in  connection  with  deglutition.  It  is 
thus  chiefly  a sensory  nerve.  By  stimulating  the  glosso-pharyngeal  in- 
side the  cranium  Longet  claims  that  no  muscular  contraction  can  be  pro- 
duced, although  Chauveau  claims  that  he  found  contraction  of  the  upper 
part  of  the  pharynx.  This  result  arises  reflexly  through  the  nerve  con- 
nection with  the  medulla.  It  has  been  found  that  by  stimulating  the 
glosso-pharyngeal  certain  movements  are  found  in  connection  with  the  face 
and  the  throat  these  movements  being  found  after  the  division  of  the  nerve 
and  the  stimulation  of  its  central  end.  The  functions  of  this  nerve  are 
two-fold,  that  associated  with  the  sense  of  taste  and  that  associated  with 
deglutition.  The  taste  sensation  is  found  not  only  in  connection  with 
the  anterior  part  of  the  tongue  as  supplied  by  the  lingual  branch  of  the 
litlh,  but  also  at  the  posterior  part  of  the  tongue  and  in  connection  with 
the  palate  arches  supplied  by  the  glosso-pharyngeal.  The  sensibility  of 
the  posterior  part  of  the  tongue  is  not  so  delicate  as  that  of  the  anterior 
part  of  the  tongue;  hence  the  sensibility  of  the  ninth  nerve  is  claimed  to 
be  inferior  to  that  of  the  lingual  branch  of  the  fifth.  In  connection  with 
the  pharynx  and  the  fauces  the  glosso-pharyngeal  may  be  stimulated  by 
impressions  which  arouse  the  muscles  in  connection  with  deglutition. 

1 his  originates  in  the  backward  and  upward  movement  of  the  base  of  the 
tongue  in  connection  with  which  the  masticated  food  passes  through  the 
arch  of  the  fauces  t > the  pharynx.  After  this  the  palato-glossal  and  palato- 
pharyngeal muscles  close  the  entrance  into  the  arch,  the  solt  palate  being 
extended  over  the  upper  part  of  the  pharynx,  keeping  it  from  communi- 
cating with  the  posterior  nares,  while  the  constrictor  muscles  of  the 
pharynx  drive  the  food  down  to  the  oesophagus.  These  muscle  move- 
ments take  place  even  in  unconsciousness  so  that  the  stimulation  is 
ai  oused  involuntarily,  the  impulse  being  carried  along  the  glosso-phar- 
> ngcal  to  the  medulla  from  which  reflexly  there  passes  a motor  impulse. 

lie  glosso-pharyngeal  after  passing outof  the  jugluar  foramen  becomesa 
mixed  ner  ve  communicating  with  the  facial  and  a branch  of  the  pneuraogas- 
ti  ic,  the  latter  consisting  of  motor  fibres  from  the  spinal  accessory  in  its 
anastomosis  with  the  vagus.  It  would  seem  that  the  motor  fibres  spring 
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trom  both  the  facial  and  the  spinal  accessory.  The  experiments  of  Ber- 
nard in  connection  with  the  division  of  the  facial  nerve  in  the  fallopian 
aqueduct  and  also  in  the  division  of  the  spinal  accessory 
on  the  two  sides  indicate  that  the  deg-lutition  process 
IS  Simply  hindered  and  not  destroyed.  Lower  down  the 
glosso-pharyngeal  receives  another  branch  from  the  facial  which 
passes  along  with  it  to  the  stylo-glossal  muscle  and  to  the  pillars  of  the 
lances,  another  branch  from  the  spinal  accessory  assisting  in  the  forma- 
tion of  the  pharyngeal  plexus  and  furnishing  the  fibres  to  the  upper 
p laryngeu^  constrictors.  The  deglutition  process  is  stimulated 
lough  the  impulses  that  pass  along  the  glosso-pharyngeal  while  deglut- 
ition itself  takes  place  in  connection  with  reflex  action  through  motor  con- 
nection with  different  nerves. 

(k)  The  vagus  or  pneumogastric  arises  in  the  medulla,  the  deep 
origin  being  in  the  gray  matter  close  to  the  floor  of  the  fourth  ventricle. 
Most  of  the  hbres  pass  through  one  of  the  two  ganglia,  the  upper  and  the 
lower;  some  of  the  lower  fibres  passing  without  entering  either  of  the 
ganglia.  Between  the  gang-lia  there  is  a junction  of  the  vagus  and  the 
internal  spinal  accessory,  which  is  included  within  the  vagus,  forming  the 
motoi  poition  of  the  vagus.  The  motor  fibres  arise  chiefly  from  tin- 
accessory  and  the  sensory  from  the  vagus.  There  is  alsoTj unction  of 
the  vagus  with  the  sympathetic,  the  hypoglossal  and  the  glosso-pharvn- 
geal.  1 he  sensory  nerve  in  connection  with  the  mucous  membrane  of  the 
larynx  is  the  superior  laryngeal  branch:  The  vagus  is  distributed  to  the 
lai  y nx,  oesophagus,  stomach,  intestines,  lung's,  heart  and  liver.  Its  actions 
and  . clations  ai  e very  complicated.  The  sensory'  fibres  supply  the  mucous 
membrane  of  the  larynx  and  other  respiratories.  the  heart,  the  base  of  the 
the  tongue,  the  oesophagus  in. connection  with  the  oesophageal  plexus,  the 
stomach  in  connection  withe  gastric  plexus  and  the  duodenum.  The  mus- 
cles supplied  by  it  are  sensory,  the  mucous  membrane  of  the  bile  duct  and 
the  postei  ioi  pai  t of  the  auditory  canal.  The  motoi*  fibres  representing 
the  pharyngeal  branches  forming  the  pharyngeal  plexus  controlthe  palati 
muscles,  the  phaiyngeal  constrictors  and  the  oesophagus.  The  arytenoid 
and  ci  ico-thy roid  muscles  are  supplied  bv  the  superior  pharyngeal,  all  the 
other  pharyngeal  muscles  being  supplied  by  the  inferior  laryngeal.  The 
pulmonary  branches  in  connection  with  the  pulmonary  plexus  furnish  sen- 
sory fibres  ior  the  the  bronchi  and  motor  fibres  to  the  bronchi  muscle 
and  fibres  that  modify  respiratory  action.  The  vagus  also  furnishes 
the  broncho-dilator  and  constrictor  fibres.  The  vagus  also  has  cardio-in- 
hibitory  fibres  to  the  heart  and  the  depressor  fibres  from  the  heart.  The 
depressor  nerve  from  the  heart  is  found  either  in  the  vagus  or  its  super- 
ior laryngeal  branch.  It  also  furnishes  nerve  connection  to  the  liver  in 
connection  with  the  formation  and  secretion  of  glycogen  and  furnishes 
the  secretory  fibres  to  the  stomach  glands.  Some  claim  that  it  also  sup- 
plies the  secretory  fibres  in  connection  with  the  kidneys.  The  vagus 
fibres  are  mainly  afferent  from  the  gastro-intestinal  tract,  the  heart,  the 
lungs  and  the  larynx.  The  accessory  nerve  is  chiefly  efferent  sending 
out  motor  fibres  to  the  levator  palati,  larynx  and  oesophagus,  inhibitory 
fi bres  to  the  heart  and  motor  fibres  to  the  bronchi,  stomach  and  intes- 
tines. If  the  vagi  are  divided  high  up  in  the  neck  heart  action  is  increas- 
ed, deglutition  is  hindered,  the  laryngeal  muscles  are  paralyzed  and  the 
lungs  become  oedematous.  If  the  central  end  is  stimulated  respiration 
is  increased,  the  heart  is  slowed  and  the  blood  pressure  falls;  if  the  per- 
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ipheral  end  is  stimulated  the  heart  is  stopped,  and  the  larynx,  oesophagus, 
bronchi  and  stomach  become  contacted.  The  vagus  is  thus  distributed 
to  the  passages  in  connection  with  which  food  and  air  pass  into  the  body 
and  it  also  establishes  connection  with  the  sympathetic  and  in  connection 
with  it  with  the  heart.  At  its  origin  the  pneumogastric  seems  to  be  pure- 
ly sensory.  If  the  nerve  roots  are  stimulated  separate  from  the  medulla 
no  result  is  found  but  if  the  nerve  trunk  is  stimulated  lower  down  muscu- 
lar contraction  results.  At  this  point  motor  fibres  have  been  added  from 
the  spinal  accessory,  the  facial,  the  hypoglossal  and  the  first  two  cervical 
nerves.  Its  sensibility  is  most  characteristic  and  this  is  possibly  due  to 
the  fact  that  it  is  so  closely  related  to  the  functional  activity  of  the  most 
important  vital  organs.  One  of  its  most  important  functions  is  in  con- 
nection with  respiration.  By  dividing  the  vagi  on  both  sides  in  the  case 
of  the  dog  there  is  a diminution  in  the  case  of  respiration.  Gradually  the 
respirations  become  slower,  the  condition  of.  the  dog  becoming  gradually 
weakened.  Inspiration  becomes  slower  and  of  longer  duration  while  ex- 
piration becomes  labored  and  sudden.  The  respiratory  action  seems  to 
take  place  with  difficulty.  Death  results  in  four  or  five  days,  respiration 
having  gradually  decreased  and  the  lungs  after  death  being  characteris- 
tically solid  and  filled  with  blood.  The  pneumogastrics  represent  tfie 
pathway  of  sensory  impulses  from  the  lungs  to  the  medulla,  these  inpulses 
arousing  reflexly.the  respiratory  movements.  In  the  case  of  their  divis- 
ion these  impulses  are  lacking  and  hence  there  is  a diminution  of  respira- 
tory action,  not  an  entire  cessation  because  other  impulses  pass  to  the 
medulla  in  connection  with  circulatory  action.  There  is  no  immediate 
dyspnoea  when  the  pneumogastrics  are  divided.  If  the  pneumogastrics 
are  divided  at  the  middle  portion  of  the  neck  the  inferior  laryngeal  branch 
is  here  interfered  with,  resulting  in  the  paralysis  of  the  laryngeal  mus- 
cles so  that  the  glottis  becomes  soft  and  collapsed  and  thus  forms  an  ob- 
struction to  inspiration.  In  this  way  there  is  a diminution  of  the  amount 
of  air  passing  into  the  lungs  and  the  blood  ceases  to  be  fully  oxygenated 
so  that  the  impulses  to  the  medullary  center  are  very  largely  diminished. 
In  connection  with  the  superior  laryngeal  branch  of  the  pneumogastric  we 
lind  the  connection  established  with  the  laryngeal  mucous  membrane. 
This  forms  a necessary  protection  in  connection  with  the  glottis  which 
interferes  with  the  entrance  of  foreign  substances.  Hence  when  a for- 
eign substance  passes  into  connection  with  the  vocal  cords  or  the  enfold- 
ings  of  the  glottis  there  is  aroused  a stimulation  which  produces  a sympa- 
thetic cough,  the  impulse  passing  along  the  superior  laryngeal  nerve  so  as 
to  be  reflected  in  connection  with  the  thoracic  and  abdominal  muscles. 

In  connection  with  the  larynx  we  find  also  vocalization,  this  vocaliza- 
tion taking  place  in  connection  with  expiration,  the  air  passing  out  vibrat- 
ing in  connection  with  the  glottis,  this  vibration  being  modified  by  the 
pharynx,  the  mouth  and  the  nasal  passages.  In  connection  with  the  vocal 
cord  we  find  also  a certain  degree  of  tension  so  that  when  the  air  is  driven 
out  through  the  glottis  between  the  vocal  cords  when  vibrating  variation 
in  sound  is  produced;  thus  vocalization  takes  place  in  connection  with  the 
larynx  so  that  if  the  pneumogastric  or  the  inferior  laryngeal  branch  is 
divided  on  the  two  sides  there  results  a loss  of  vocalization.  In  connection 
with  deglutition  we  find  the  completion  of  the  process  in  connection  with 
the  pharynx  and  the  oesophagus  which  are  furnished  with  sensory  and 
moto,  fibres  by  the  pneumogastric.  The  inferior  pharyngeal  constrictor 
and  the  cervical  part  of  the  oesophagus  are  innervated  bv  the  inferior  lar- 
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\ ngcal  and  the  thoracic  part  of  the  oesophagus  bv  the  main  trunk  of  the 
vagus.  Hence  deglutition  is  interfered  with  by  division  of  the  pneumo- 
gastric, both  in  connection  with  sensory  and  motor  action  in  the  oesoph- 
ag-us.  In  connection  vvith  deglutition  it  is  necessary  that  respiratory 
action  be  suspended,  this  suspension  taking  place  in  connection  with  a 
nerve  impulse  which  accompanies  pharyngeal  contraction.  When  the 
pneumcg'astric  is  divided  the  stomach  action  is  interfered  with,  the 
pneumogastric  supplying  the  stomach  mucous  membrane  with  sensibilit v 
and  furnishing  impulses  to  the  muscular  coating  which  forms  the  basis  of 
peristatic  action.  When  the  vagi  are  divided  in  the  neck  there  is  no  in- 
terference with  the  sensation  of  hunger  and  according  to  Bernard  gastric 
juice  secretion  is  suspended  although  it  has  been  found  that  by  introducing 
food  in  small  quantities  directly  into  the  stomach  the  gastric  juice  secre- 
tion takes  place.  According  to  this  gastric  digestion  and  secretion  are 
not  directly  controlled  by  the  pneumogastric,  although  when  the  vagi  are 
divided  these  are  destroyed,  chiefly  because  of  the  paralytic  condition  in- 
duced in  the  gastric  muscles.  1 he  vagi  thus  supply  sensory  and  motor 
action  to  the  stomach  necessary  to  digestive  action.  The  pneumogastric 
libres  to  the  heart  arise  partly  in  connection  with  the  superior  laryngeal 
uniting  with  the  cardiac  nerve  that  passes  to  the  heart  from  the  superior 
cervical  ganglion.  Other  fibres  pass  from  the  main  trunk  of  the  pneu- 
mogastric  in  connection  with  the  anastomosis  with  the  cardiac  nerve  from 
the  superior  cervical  ganglion.  The  inferior  laryng-eal  branch  furnishes 
libres  to  the  heart  in  connection  with  the  plexus  in  which  are  associated 
the  laryng-eal  and  the  cardiac  fibres.  Minute  branches  of  the  vagus 
reach  tbe  heart  in  connection  with  the  cardiac  plexus  originating  either 
from  the  pneumogastric  or  passing  through  the  sympathetics.  U 
stimulating  the  pneumogastric  there  is  a lessening  of  the  cardiac  pulsa- 
tion and  by  increasing  the  stimulation  the  heart  action  is  slowed  and  bv 
still  further  increasing  the  stimulation  the  heart  may  cease  to  pulsate  alto- 
gether. This  stimulation  takes  place  as  applied  to  the  pneumogastric 
electrically.  Under  these  conditions  when  the  heart  stops  it  is  in  a con- 
dition of  relaxation  filled  with  venous  blood.  By  dividing  the  pneumog- 
astric  and  applying  an  electric  current  to  the  central  end  there  is  no  inter- 
ference with  the  heart  action  but  when  stimulated  peripherally  there  is  a 
cessation  of  the  heart  action.  Thus  the  impulse  that  passes  through 
the  heart  passes  from  the  center  downward.  When  the  pneumogastric 
has  been  stimulated  to  the  point  of  ceasing  its  pulsation,  by  continuing  the 
stimulation  there  are  found  to  be  intermittent  pulsations  at  first  with 
larg-e  intervals  and  later  almost  normal.  This  seems  to  indicate  that  the 
action  which  has  stopped  the  heart  becomes  exhausted.  The  pneumo- 
gastric nerves  seem  to  act  upon  the  heart  almost  like  an  ordinary  motor 
nerve  in  connection  with  the  muscle,  the  difference  being-  that  the  stimu- 
lation of  the  vagus  produces  in  connection  with  the  heart  relaxation. 

(1)  The  spinal  accessory  or  11th  nerve  arises  from  the  nuclei  in  the 
medulla  and  from  roots  of  the  spinal  cord  in  the  anterior  horn  down  to  the 
fifth  or  sixth  cervical.  This  nerve  is  so  called  on  account  of  its  spinal 
origin,  one  root  representing  an  accessory  nucleus  in  the  medulla  associ- 
ated with  the  vagus  nucleus  and  the  other  root  being  associated  with  fibres 
arising  from  the  cervical  portion  of  the  spinal  cord.  These  fibres  unite 
together  into  a delicate  root  which  passes  up  between  the  anterior  and 
posterior  roots  to  the  foramen  magnum  where  it  passes  into  the  cranium 
where  it  unites  with  the  fibres  that  spring  from  the  medullary  nucleus, 
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the  main  trunk  passing  down  along  with  the  vagus  and  glosso-pharyngeal 
through  the  jug'ular  foramen.  It  is  a motor  nerve  and  sends  out  an  ex- 
ternal branch  which  supplies  the  sterno-mastoid  and  the  trapezium  mus- 
cles during  the  expiration  of  air.  In  vocal  sounds  it  acts  in  conjunction 
with  the  glottis  through  its  internal  glands.  It  sends  out  nerve  fibres 
through  its  internal  branch  that  join  the  vagus  supplying  the  laryngeal 
muscles  and  furnishing  cardio-inhibitory  fibres  to  the  vagus.  In  its  pas- 
sage through  the  jugular  foramen  the  spinal  accessory  becomes  attached 
to  the  pneumogastric  in  connection  with  its  jugular  ganglion.  As  soon  as 
it  passes  out  of  the  foramen  it  is  divided  into  an  internal  branch  which 
passes  along  with  the  pneumogastric  trunk  ard  an  external  branch  which 
passes  down  to  the  sterno-mastoid  and  trapezium  muscles.  The  internal 
branch  consists  of  fibres  whose  origin  is  in  the  medulla  whereas  the  ex- 
ternal branch  consists  of  fibres  that  originate  in  the  spinal  cord.  If  the 
spinal  accessory  is  stimulated  within  the  cranium  centrally  there  is  no 
sensitiveness  resulting  in  any  part  of  the  body.  The  fibres  undoubtedly 
terminate  in  connection  with  muscle  tissues  and  by  its  division  there  is  a 
loss  of  motor  power.  The  method  adopted  in  experimenting  in  connec- 
tion with  this  nerve  is  that  followed  by  Bernard,  namely,  that  of  evulsion 
or  tearing  away  forcibly  of  a part  of  the  nerve.  By  forcible  tearing  away 
of  111 c whole  nerve  in  connection  with  its  point  of  exit  from  the  jugular 
foramen  either  the  medullary  part  or  the  external  branch  or  the  whole 
trunk  may  be  drawn  out.  The  result  is  found  to  be  associated  with  par- 
alysis of  the  internal  branch.  It  is  in  connection  with  this  branch  that 
the  pneumogastric  gets  the  greater  number  of  its  motor  fibres.  In  con- 
nection with  this  tearing  out  of  the  spinal  accessory  on  the  two  sides  there 
is  alossof  the  power  of  vocalization  and  an  interference  with  the  action  of  the 
glottis  toa  slightextent,  the  voice  beingentirely  lost  In  th  ecase  of  the  tear- 
ingout  of  the  spinal  accessories  there  is  paralysis  of  the  musclesconcerned 
in  vocalization,  namely,  those  movements  that  are  associated  with  the  vocal 
cords  and  the  glottidean  rima.  The  larynx  has  two  functions  to  perform 
and  it  is  furnished  with  motor  connection  from  two  different  nerves.  In 
vocalization  the  impulses  originate  in  the  spinal  accessory  while  the  re- 
spiratory impulses  originate  in  connection  with  the  facial,  the  hypoglossal 
a. id  tiie  cervical  nerves  in  their  connection  with  the  pneumogastric.  Thus 
w.ien  the  spinal  accessory  is  torn  out  the  respiratory  movements  which 
consist  of  the  opening  of  the  glottis  and  the  separation  of  the  vocal  cords 
are  not  interfered  with.  The  external  branch  of  the  spinal  accessory  is 
distributed  to  the  trapezium  and  sterno-mastoid  muscles  although  tliese 
m uscles  also  receive  motor  fibres  from  the  cervical  spinal  nerves.  Even 
after  the  tearing  out  of  the  external  branch  of  the  spinal  acccessory  the 
power  of  motion  is  still  found  in  connection  with  these  muscles.  Accord- 
ing to  Bernard  the  external  branch  of  the  spinal  accessory  has  a function 
to  perform  in  opposition  to  respiration.  During  the  time  when  muscular 
elfort  is  being  performed,  particularly  if  it  is  prolonged,  there  is  a sus- 
pension of  respiration.  For  example,  in  lifting  or  straining  the  muscles 
the  head  and  neck  assume  a position  of  fixation  in  connection  with  the 
sterno-mastoid  and  trapezium  muscles.  If  these  muscles  become  para- 
lyzed by  the  division  or  evulsion  of  the  external  branch  of  the  spinal  ac- 
cessory these  movements  are  impossible.  Bernard  claims  that  the  exter- 
nal branch  also  supplies  motor  action  in  connection  with  the  prolongation 
of  vocalization.  If  the  external  branch  is  divided  there  is  capacity  of  vo- 
calization but  the  vocalized  sound  cannot  be  prolonged  so  that  there  seems 
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to  be  a motor  influence  conveyed  through  the  external  branch  to  the  mus- 
cles in  connection  with  a prolonged  cry.  Thus  the  sterno-mastoid  and 
the  trapezium  muscles  are  innervated  in  connection  with  two  sets  of  motor 
fibres,  those  from  the  spinal  accessory  which  furnish  the  basis  of  pro- 
longed muscular  effort  and  of  prolonged  vocalization  and  those  from  the 
cervical  spinal  nerves  which  furnish  the  impulses  connected  with  loco- 
motion. 

(m)  The  hypoglossal  or  twelfth  nerve  originates  in  the  lower  por- 
tion of  the  floor  of  the  fourth  ventricle  supplying  with  motor  fibres  the  ex- 
trinsic and  intrinsic  muscles  of  the  tongue.  It  originates  from  two  large 
nuclei  in  the  lower  part  of  the  calamus  scriptorius  and  one  smaller  nu- 
cleus in  the  same  region.  It  represents  the  motor  nerve  to  the  tongue. 
It  establishes  connection  with  the  superior  cervical  ganglion  in  connection 
with  the  sympathetic  in  connection  with  which  vasomotor  fibres  are  fur- 
nished to  the  lingual  blood  vessels.  There  is  also  a connection  from  the 
ganglia  formed  plexus  of  the  vagus  in  connection  with  the  small  lingual 
branch  to  the  hypoglossal  arch.  These  fibres  represent  the  sensorv 
fibres  in  connection  with  the  lingual  muscles.  The  hypoglossal  is  con- 
nected with  the  upper  cervical  nerves  by  the  ansa  hypoglossi,  these  fibres 
running  along  the  descending  noni  to  the  sterno  andomo-hyoid  and  sterno- 
thyroid. The  descendeus  noni  forms  with  a branch  from  the  upper  cer- 
vical plexus  a loop  from  which  twigs  serve  to  supply  the  infra-hyoid  mus- 
cle. If  it  is  divided  the  muscles  of  the  tongue  become  paralyzed  prevent- 
ing articulation  and  rendering  deglutition  difficult.  This  nerve  is 
essentially  a motor  nerve.  By  exposing  it  where  it  is  found  above  the 
hyoid  bone  its  stimulation  results  in  spasmodic  action  on  the  part  of  the 
tongue.  If  the  peripheral  end  of  the  nerve  is  stimulated  after  division 
the  same  result  follows,  this  result  depending  upon  a direct  stimulation 
passing  along  the  nerve  to  the  tongue.  Outside  of  the  cranium  it  pos- 
sesses sensory  fibres  but  this  is  due  to  anastomosis  in  connection  with  the 
first  and  second  cervical  nerves  at  the  cranial  basel  and  in  connection  with 
the  branches  of  the  fifth  nerve.  Its  sensibility  is  connected  wi  h the  mus- 
cle substance  of  the  tongue  and  has  no  bearing  upon  the  lingual  mucous 
membrane.  This  is  evident  from  the  fact  that  by  dividing  the  lingual 
branch  of  the  fifth  and  the  glosso-pharyngeal  there  is  an  entire  los-;  of  sen- 
sibility in  connection  with  the  surface  of  the  tongue.  Even  after  the  divi- 
sion of  the  hypoglossal  the  tongue  does  not  lose  its  sensibility.  By  the 
division  of  the  two  hypoglossal  nerves  the  tongue  loses  its  muscular  power 
w'thout  any  loss  of  the  taste  or  tactile  sensations.  The  lingual  movements 
are  essential  in  connection  with  the  masticatory  process  as  a means  of 
bringing  the  parts  of  the  food  into  proper  place  in  connection  with  the 
teeth  and  removing  those  parts  which  have  been  ground  by  the  teeth. 
The  lingual  muscles  therefore  are  necessary  for  mastication  so  that  if  the 
hypoglossal  nerves  are  divided  the  mastication  process  becomes  difficult. 
The  tongue  in  connection  with  the  lingual  muscles  has  an  important  func- 
tion to  perform  in  connection  with  the  consonants  except  the  labials  and 
and  the  labio-dentals  so  that  if  the  hypoglossal  is  cut  there  is  a lingual 
paralysis  that  interferes  with  articulation.  In  the  human  subject  a d.s- 
eased  condition  of  the  hypoglossal  is  almost  always  limited  to  the  one  side. 
Where  there  is  such  a lesion  it  is  most  commonly  of  central  origin  and  af- 
fects not  only  the  action  of  the  tongue  but  also  has  an  important  bearing 
upon  other  muscles,  although  one  of  the  first  signs  is  the  difficulty  in  ar- 
ticulation. 
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As  we  have  seen  all  of  the  cranial  nerves  may  be  compared  to  the  an- 
terior and  posterior  roots  of  the  spinal  cord  but  this  relation  has  not  as 
yet  been  developed.  The  centers  with  which  these  cranial  nerves  are  as- 
sociated are  placed  differently  from  the  spinal  centers  that  we  find  asso- 
ciated with  the  spinal  nerves,  the  cranial  centers  being-  grouped  tog-ether 
rather  than  in  regular  order.  In  connection  with  the  3rd  nerve  we  find  the 
true  oculo-motor  nerve  althoug-h  the  fourth  and  sixth  nerves  both  furnish 
innervation  in  connection  with  the  muscles  that  move  the  eyeball.  It  has 
been  found  that  there  is  not  only  a medullary  spinal  series  of  centers  in 
connection  with  the  eyes  but  also  a mechanism  that  is  associated  with  pu- 
pil movements  and  a muscle  which  is  connected  with  the  alteration  in  the 
iorm  of  the  lens  by  contraction  or  relaxation  so  as  to  vai'3r  the  focusing 
power  in  connection  with  objects  that  are  close  at  hand  or  far  away.  Here 
we  find  the  mechanism  associated  with  the  power  of  combination.  The 
centers  associated  with  this  accommodation  power  are  located  in  connec- 
tion with  the  Sylvian  aqueduct  which  represents  the  prolongation  of  the 
spinal  canal  into  the  brain.  In  connection  with  the  fifth  nerve  we  find  a 
union  of  sensory  and  motor  elements  in  connection  with  the  jaws  and 
tongue  furnishing  movement  in  connection  with  respiration  and  mastica- 
tion. In  connection  with  the  eighth  nerve  we  find  not  only  impulses  that 
are  associated  with  the  power  of  audition  but  also  the  power  of  equilibrium. 
We  find  in  the  cerebellum  the  chief  centers  that  are  associated  with  the 
power  of  locomotion  and  equilibrium  of  the  body.  The  cerebellum  re- 
ceives sensory  impressions  from  the  muscular  sense.  This,  however,  is 
supplemented  by  the  fact  that  the  cerebellum  in  connection  with  the 
eighth  nerve  receives  special  impulses  which  are  connected  with  equili- 
brium and  locomotion,  the  basis  of  these  sensations  being  the  position  that 
is  occupied  by  the  head.  As  in  space  we  find  but  three  directions  so  we 
find  three  canals  called  the  semicircular  canals  in  connection  with  the  ear. 

1 hese  canals  have  different  planes,  a vertical,  a horizontal  and  an  oblique 
and  within  them  we  find  the  endolymph  which  has  the  power  of  stimulat- 
ing the  end  organ  in  connection  with  the  auditory  nerve,  the  stimulation 
depending  upon  the  direction  of  the  canal.  In  this  way  the  auditory  nerve 
and  the  fluid  in  connection  with  the  three  canals  forms  the  organs  for  the 
reception  of  impulses  in  connection  with  the  position  occupied  by  the  head. 

1 hese  impulses  are  sent  to  the  medulla  and  then  to  the  cerebellum,  the 
cerebellum  becoming  stimulated  and  arousing  impulses  that  are 
disti  ibuted  along  the  different  nerve  fibres.  As  we  have  seen  the  sensa- 
tions of  taste  are  provided  for  in  connection  with  the  ninth  nerve  and  a 
branch  of  the  filth  nerve,  so  that  the  different  parts  of  the  tongue  are 
capable  of  taste  sensations.  In  connection  with  the  pneumogastric  nerve 
with  which  we  associate  the  spinal  accessory  we  find  the  most  important 
centers  that  are  associated  with  the  functional  activity  of  the  lungs,  the 
ieai  t and  the  alimentary  canal.  From  this  standpoint  the  vagus  nerve 
i epi  esents  the  most  important  nerve  in  the  body  system.  The  destruc- 
tion of  the  center  associated  with  the  vagus  in  the  medulla  proves  always 
latal.  In  connection  with  the  respiratory  action  it  is  known  that  in  ani- 
mals  in  which  the  cerebral  hemispheres  are  not  fully  developed  there  is 
still  a possibility  of  carrying  on  respiration.  This  points  to  the  fact  that 
the  respiratory  process  depends  for  its  activity  on  medullary  and  spinal 
centers.  By  experiments  conducted  by  such  men  as  Rosenthal  in  which 
ie  divided  the  medulla  sectionally  at  different  points  it  was  proved  that 
the  origin  of  respiratory  rhythm  was  associated  with  the  medulla.  It  was 
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thil  voth-  1 tl  STWaS  idue  t0  tbe  factthat  the  vagus  nerve  has  its  center  in 
this  legion.  Impulses  pass  from  the  lungs  to  this  center  and  also  im- 
pulses from  other  parts  of  the  body  which  act  upon  the  respiratory  cen- 
tei  in  such  a way  as  to  produce  rhythmic  variations  in  the  center'  In 
connection  with  respiration  we  must  also  take  account  of  the  action  of  the 
diaphragm  and  the  intercostal  muscles,  these  being  innervated  from  tin- 
spinal  centers,  although  these  lower  centers  are  under  the  control  of  the 
higher  center  in  the  medulla.  In  the  case  of  the  heart  there  is  not  neces- 
sai  lly  the  same  action  on  the  part  of  a special  brain  center  on  account  of 
the  tact  that  its  musde  substance  !s  capable  of  an  independent  rhvihm 
and  the  ganglia  that  are  found  in  connection  with  the  cardiac  substance 
forms  the  basis  of  intrinsic  contractile  power.  In  connection  with  the 
medulla  we  find  therefore  the  chief  function  discharged  by  this  central 
centei  is  that  of  coordination  and  cooperation  in  connection  with  the  lun  as 
and  the  temperature  of  the  body.  This  brain  center  represents  the  car- 
aio-innibitory  center  in  connection  with  the  vagus  nerve.  This  center  is 
found  at  the  lower  part  of  the  floofi  of  the  fourth  ventricle.  The  stimula- 
tion  of  this  center  produces  an  instant  stoppage  of  the  heart  pulsation. 

I his  same  portion  of  the  brain  is  associated  with  respiratory  action  in  con- 
nection with  the  vagus  and  it  is  this  region  which  has  been  called  the  vital 
knot  because  here  we  have  the  respiratory  and  cardio-inhibitory  centers 
in  connection  with  the  medulla,  corresponding  with  the  central  or  j-in  of 
the  vagi  nerves.  In  connection  with  the  blood  vessels  we  have  also  a center 
in  the  medulla  which  is  spoken  of  as  the  vasomotor  center,  this  center  be- 
ing associated  with  the  change  in  the  caliber  of  the  blood  vessels.  It  has 
been  found  that  there  is  a region  of  cells  in  the  medulla  which  when  stim- 
ulated produces  a change  involving  a contraction  of  all  the  blood  vessels  of 
the  body  and if  extirpated  then  dilatation  of  the  bloodvessels  results. 
Along  the  spinal  cord  we  have  subordinate  centers  representing  the  low- 
er centers  governed  by  the  center  in  the  medulla  in  connection°wiih  the 
spinal  fibres.  The  heart  is  directly  associated  with  this  center  so  that 
nerve  impulses  are  sent  up  to  the  center  affecting- the  center  action  and 
modifying  the  impulses  sent  out  from  the  center  to  different  parrs  of  tiie 
body.  We  thus  see  that  the  medulla  represents  the  seat  of  the  mo.-.t  im- 
portant actions  that  are  associated  with  the  functional  activity  of  the  body 
organ.  It  has  been  found  that  these  medullary  centers  represent  centers 
that  are  homologous  with  the  spinal  centers  that  are  found  associated 
with  the  spinal  cord. 


SECTION  IX.  The  Sympathetic  System. 

We  find  two  kinds  of  fibres  associated  with  the  sympathetic  system, 
(a)  medullated  fibres  like  those  in  connection  with  the  central  nervous 
system,  and  (b)  non-medullated  fibres  consisting  of  gray  fibres  wiihont 
tlie  white  substance  of  Schwann.  These  fibres  arise  from  the  sympa- 
thetic ganglia.  The  medulllated  fibres  arise  from  the  central  nervous 
system.  The  sympathetic  fibre  passes  through  a series  of  ganglia  con- 
necting the  gang-lia  together,  these  ganglia  and  fibra?iAeALtendingiJxom  flTF" 
cranial  base  to  the  coccyx  in  symmetrical  arrangement  on  both  sides  of 
the  spinal  cord.  If  the  medullated  fibres  pass  through  the  ganglia  they 
lose  their  medullation.  Thus  the  sympathetic  system  on  each  side  con- 
sists of  a main  trunk  with  24  ganglia  and  minute  fibres,  the  sympathetic 
trunk  being  connected  with  the  central  nervous  system  through  the  spinal 
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nerves,  the  connecting- fibres  being  medullated  and  non-mednllatpd  The 
majority  of  tfiFsympatnetic  fibres  are  non-medullated,  in  the  lower  regions 
the. twit  main^tr unks  on  tbe  opposite  sides  are  connected  about  the  middle 
line.  In  the  upper  regions  both  trunks  unite  with  the  eighth  and  ninth 
cTcOTyals  passing  to  the  cranium  along  with  the  internal  carotid  artery  and 
forming  connections  with  all  the  cranial  nerves  except  ..the  first,,  second 
^LLeighth.  This  connection  is  established  directly  with  the  fourth. 

ail(l  Q_i_n t h , with  the  third  and  fifth  through  the  ophthalmic  gaiitrTion 
and  with  the  fifth  and  seventh"  throifgh  the  spheno-palatoicl,  otic  and  sub- 
maxillary  ganglia  and  also  with  the  seventh  through  the  geniculate  o-ang- 
lion,  connection  is  established  with  the  glosso-pharyngeal  through  the 
jugular  ganglia  and  the  vagus  through  the  pneumogastric  ganglia.  As 
the  sympathetic  fibres  are  distributed  to  the  viscera  numerous  plexuses 
are  formed  in  which  the  ganglia  are  found.  If  the  sympathetic  is  divided 
iUjhe  neck  the  blood  vessels  are  dilated  on  the  same  side  increasing  the 
b.ood  supply  and  the  tempei-ature  as  well  as  increasing  the  lachrymal 
and  sweat  secretions.  If  the  central  end  of  the  cut  nerve  is  stimulated 
these  effects  disappear  indicating  that  the  sympathetic  system  furnishes 
the  nerve  connection  for  the  walls  of  the  blood  vessels  so  as  to  maintain 
them  in  their  normal  condition  of  tonic  constriction.  These  nerves  repre- 
sent the  vasomotor  fibers  of  the  vessels.  The  cervical  part  of  the  sympa- 
thetic  supplies  the  vasomotor  fibres  of  the  head.  These  arise  in  the 
vical__region  of  the  spinal  cord,  coming  out  by’the  anterior  roots  of  the 
lower_ceryical  and  upper  thoracic  nerves.  The  radiating  fibres  of  the  iris 
oi  iginate  in  the  same  place,  as  the  division  of  the  sympathetic  in  the  neck 
produces  contraction  of  the  pupil  of  the  eye,.  The  thoracic  and  upper 
Jnnb  vasorfibtors  arise  from  the  inferior  cervical  and  superior  thoracic 
ganglia  and  also  from  the  spinal  cord  in  connection  with  the  rami  commu- 
nicantes  between  the  third  and  seventh  dorsal  vertebrae.  The  lower  limb 

^ from  the  Cord  Passin8'  through  the  sciatic  and  crural 
n es.  1 he  pelvic  vasomotors  arise  from  the  sympathetic  ganglia  in  the 
abdominal  region.  The  vasomotors  of  the  abdominal  viscera  are  found 
pi  incipa  v in  the  splanchnics,  some  of  the  fibres  being  found  in  connec- 
Wlth  the  vagus.  ■ The  splanchnic  nerves  are  three  in  number,  the 
,!,fC  fCSfuer^n<  th-C  Smallest  splanchnics,  originating  in  the  human 
to  the  ninth  th  he  th°racLc  sympathetic  ganglia,  the  greater  from  the  fifth 
from  the  f U'om  ^ tenth  and  eleventh  and  the  smallest 
neS  ,^^'  7 6 &rreatei;  and  ihe  smaller  splanchnics  furnish  nerve 

si,  t.  ll  h i stomach,  spleen,  liver,  pancreas  and  intestines.  The 

u th  the  1 - inraa  eSTFSAanChn,,Cs£,nt?r  intothc  plexus  that  is  associated 
in-,]  n7inn  h JS'  If  hese  fPIanchmcs  are  cut  the  vessels  in  the  abdom- 
lated  n t with  blood.  If  the  peripheral  end  is  stimu- 

urnish  the  lCtlr  tfke2,thG  Pla°,e  °f  dilatation*  Thus  the  sphanchnics 
tuymsfi  the  vasomotor  fibres  to  the  viscera.  ' — 

s v m -S  a p!lIgonI^etween  thT^iStral  nervous  system  and  the 
w,  ';h>Jli^5:T;tlirSpinal  cord  is  (TTvTcTtrtttemZ  nseof  tem- 

m Se^ST^  ThWlth-the  Hmbs-  IftliesPillal  cord  is  hemi-sected 
t r Jmf t vof  df  h °n  t-bcrC.  Is  a ™e.  111  the  temperature  in  the  lower  ex- 

blood Vessels^6  ,te.,SKle*  .J  h,s  course  means  dilatation  of  the 
t<  the  nerinhor  ,7  sect']onIor  hemi-section  stimulation  is  applied 

From  this  it  Z it  °f  th*t  C?rd  lhe  dilatation  gives  place  to  contraction, 
the  soinS  1 Uld  -sc-cni-  the  vasomotor  influence  comes  from 

spmal  coid.  Some  physiolog.sts  claim  that  there  are  vasomotor 
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centers  all  over  the  cord,  although  the  chief  center  is  found  in  the 
We  find  the  most  chai^lerTsTuT  distribution  of  the  syhf pa- 
thetics in  the  thoracic  region  where  the  vertebral  ganglia  are  close  to 
tlie  \ ei  tebi  re.  Anterior  to  these  we  find  another  ganglia  series  which  are 
connected  with  each  other  and  with  the  vertebral  ganglia,  these  repre- 
senting the  collateral  ganglia.  It  is  from  these  ganglia  that  the  fibres 
pass  to  the  terminal  ganglia  in  connection  with  the  t;ssues  and  organs 
We  find  a connection  between  each  spinal  nerve  and  the  corresponding 
sympathetic  ganglia  through  the  rami  communicantes,  these  fibres  being 
found  in  connection  with  the  anterior  and  posterior  roots  of  the  spinal 
nerves.  In  the  white  rami  we  find  medullated  fibres  coming  from  the 
anterior  and  posterior  roots  of  the  spinal  nerves  passing  into  the  lateral 
and  collateral  ganglia.  The  gray  rami  communicantes  consist  of  non- 
medullated  fibres.  In  the  human  subject  the  four  upper  rami  communi- 
cantes  as  they  pass  from  the  upper  cervical  nerves  unite  with  the  su- 
perior cervical  ganglia,  the  fifth  and  sixth  unite  with  the  middlecervical 
ganglia  and  the  seventh  and  eighth  with  the  inferior  cervical  ganglia. 
In  connection  with  the  sympathetic  ganglia  we  find  cells.and  bundles  of 
fibres  running  between  the  cells,  these  being'  bound  together  by  con- 
nective tissue  which  send  septa  into  the  central  portion  of  the  gang- 
lion. The  cells  are  multipolar,  each  cell  being  encased  in  a capsule, 
the  nuclei  being  found  on  the  internal  surface.  The  nerve  processes 
pass  through  this  capsule  and  are  connected  with  the  nerve  fibres.  In 
connection  with  the  function  of  the  sympathetic  system  we  find  an  in- 
dependent as  well  as  a dependent  function,  the  former  representing-  the 
nerve  plexuses  which  are  found  in  connection  with  the  different  organs 
wrhose  activities  may  be  modified  by  impulses  passed  along  fibres  from 
the  spinal  nerve.  In  connection  with  these  we  find  the  cardaic  ganglia, 
the  mesentpric  plexus  and  the  plexuses  associated  with  the  uterus.  Fal- 
lopian tubes  and  ureters.  As  distinguished  from  these  there  are  certain 
fibres  whose  activity  depends  upon  their  established  relations  with 
the  central  nervous  system,  as  for  example,  the  splanchnic  sensory 
fibres.  In  connection  with  the  cervical  sympathetic  we  find  fibres  that 
are  associated  with  the  dilatation  of  the  pupils.  These  fibres  originate  in 
the  spinal  cord,  pass  out  through  the  last  tvro  cervical  and  first  two  thor- 
acic nerves  into  the  cervical  sympathetic  to  the  head.  If  the  cervical 
sympathetic  is  divided  the  pupil  of  the  eve  becomes  contracted.  The 
sympathetic  system  sends  out  fibres  that  are  associated  with  the  move- 
ments of  the  external  rectus  muscle.  We  also  find  vasomotor  fibres  in 
connection  with  the  external  ear,  the  face,  the  tympanum,  the  iris,  the 
retina  and  the  blood  vessels  of  the  brain  and  its  membranes  as  well  as  the 
oesophagus  and  the  larynx.  In  addition  to  these  we  find  secretory  fibres 
as  well  as  vasomotor  fibres  in  connection  with  the  salivary,  sweat  and 
lachrymal  glands.  In  the  case  of  the  division  of  the  cervical  sympathetic 
in  the  neck  there  is  congestion  in  connection  with  the  car,  an  increase  ol 
temperature  varying  from  three  to  six  degrees  and  the  contraction  of  the 
pupil  of  the  eye  together  with  the  flattening  of  the  cornea.  II  the  per- 
ipheral end  is  stimulated  these  results  are  counteracted  by  the  opposite 
results,  accompanying  these  being  found  a salival  secretion  due  to  the 
stimulation  of  the  secretory  fibres.  In  connection  with  the  dorsal  and 
abdominal  sympathetic  we  find  in  connection  with  the  sympathetic  part 
of  the  cardiac  plexus  accelerator  fibres  in  connection  with  the  heart  from 
the  lower  cervical  and  the  first  dorsal  ganglion.  We  also  find  vasomotors 
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that  pass  through  the  sympathetic  to  the  cutaneous  surfaces  of  the  body, 
the  lungs  and  the  extremities.  In  the  cervical  sympathetic  and  the 
splanchnics,  we  find  fibres  which  when  stimulated  centrally  produce 
stimulation  of  the  cardio-inhibitory  center  in  the  medulla.  We  also 
find  the  solar  and  mesenteric  plexuses  as  well  as  the  secretory  fibres  in 
connection  with  sweating.  In  the  abdominal  part  of  the  sympathetic  we 
rind  the  vasomotor  and  motor  fibres  in  connection  with  the  spleen,  the 
bladder,  the  large  intestine,  the  uterus  and  the  ureters.  It  these  fibres 
are  stimulated  there  is  an  increased  activity  in  connection  with  the  organs 
that  are  supplied.  If  the  nerves  are  divided  the  blood  vessels  beconie  di- 
lated and  there  is  an  interference  with  the  circulation  of  the  blood  and 
also  with  the  nutrition  of  the  different  organs. 

the  sympathetic  system  is  so  closely  associated  with  the  cerebro- 
spinal system  that  it  is  impossible  to  separate  the  two.  This  does  not 
mean  that  the  sympathetic  system  has  not  independent  functions,  for 
. (*ePeml.s  uPon  the  cerebro-spinal  system  it  has  an  independent 

influence,  for  example,  upon  the  circulation  and  In  connection  with  the 
functions  of  the  visceral  life.  It  is  itself  the  originator  of  activitv.  It 
does  not  represent  simply  a pathwayTor  impulses  but  has  within  itself  all 
^ essential  features  of  a nerve  center.  There  are  certain  relation  be- 
tween the  two  system  which  indicate  that  they  are  inseparably  associat- 
ed. For  example,  the  majority  of  the  rami  communicantes  have  their 
center  of  trophic  influence  in  the  spinal  cord  only  a few  having  the  trophic 
centers  in  the  sympathetic  ganglia.  This  does  not  of  necessity  prove  that 
these  rami  have  their  center  of  functional  activity  in  the  spinal  cord.  The 
majority  of  the  rami  do  not  pass  through  the  ganglia  but  pass  along  the 
side  of  the  ganglia  and  unite  with  the  sympathetic  trunk.  In  the  case  of 
1 .^jusuu10^01*8  °f  arm  and  the  leg  we  find  the  origin  in  connection 
with  the  roots  of  the  brachial  plexus,  the  sciatic  ond  crural  nerves  and  no 
origin_r rom  th e ganglia-  In  the  case  of  lesions  in  the  cervical  region  of 
the  cord  we  find  vasomotor  paralysis  in  connection  with  the  dilatation  of 
the  one  side  of  the  head  and  of  the  pupil  of  the  eye  similar  to  that  found 
in  connection  with  a lesion  of  the  cervical  sympathetic  ganglion.  If  the 
spinal  cord  is  divided  in  the  lower  part  of  the  dorsal  region  there  is  a dilat- 
ion in  the  leg  on  the  same  side  and  an  increased  temperature;  if  the  semi- 
section  takes  place  in  the  middle  of  the  dorsal  region  or  at  the  upper  part 
the  dilatation  in  the  leg  is  increased  on  account  of  the  fact  that  the  vaso- 
motors  to  the  leg  have  different  origins.  In  the  case  of  injuries  to  the 
spinal  cord  at  any  point  there  may  be  a loss  of  tone  on  the  part  of  the  por- 
tions  of  the  body  supplied  with  vasomotor  nerves  below  the  point  of  lesion 
in  e core . hile  it  is  true  that  there  is  a close  relation  between 
the  sympathetic  and  the  cerebro-spinal  systems  the  sympathetic  ganglia 
hpePn°fa  Cewi!nieItert  independent.  In  the  case  of  parturition  it  has 
tw  l°Und  tHat  the  ?oetus  has  bcen  delivered  at  abnormal  time  indicating 
that  there  is  a capacity  of  trophic  nutrition  and  circulation  although  there 

!^u?lyfia  sympc-hetl^  system  wlthout  any  cerebro-spinal  system.  Even 
‘ n the^erebr^P'na1  centers  arC  destroyed  the  nutrition  of  the  svs- 
linr*  bti  earned  o.n  efficiently  through  the  sympathetic  system.  In 
1 • . 1 _ 'fs  ls  claimed  that  arterial  tone  depends  upon  the  local  gang- 

ih- f tl  Hl  L °Un<  in  fbe  different  parts  of  the  body.  It  has  been  found 

'lerves,  ma-v  be  reflexly  Stimulated  in  a particular 
. n?m  l u 1SSUf<J  tbc  body.  After  dlvuling  the  sciatic  nerve  in  an 

animal  it  was  found  that  the  paws  bccamiTTiToodless  ' wli  ile  at  the  same 
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time  biomechanical  stimulation  there  could  be  produced  reflexly  a con 
justed  blood  condition...  In  connection  with  the  condition  of  myelitis  in 
which  the  cervical  region  of  the  spinal  cord  is  involved  there  is  not  found 

to  be  any  vasomotor  pai-alysis  or  anything  abnormal  in  the  pupil  of  the 

eye.  In  the  case  of  myxoedema  it  is  found  that  the  sympathetic  ^ane-lia 
possess  a degree  of  independence  of  function.  In  the  case  of  the  remov- 
al  ipjheheart  from  the  body  and  its  continued  pulsation  'aswelT  as  in  the 
case  of  peristaltic  movements" of  the  intestines  we  have  evidence  of  the  in- 
depondence  of  the  sympathetics. . If  the  peripheral  end  of  the  cervical 
sympathetic  is  stimulated  the  eyeball  becomes  protruded,  whereas,  the 
simple  division  of  it  produces  a sinking  of  the  eyeball.  There  is  no 
doubt  that  we  find  certain  automatic  and  reflex  actions  associated  with 
movement  and  secietion  depending  entirely  upon  the  sympathetic  ganglia 
After  the  division  of  the  spinal  cord  in  the  middle  of  the  dorsal  region,  at 
least  in  the  mammals,  by  the  stimulation  of  one  of  the  hind  limbs ^in  con- 
nection with  the  sensory  fibres  there  may  be  produced  an  increase  of 
temperature  in  the  other  limb.  Anatomically  the  sympathetic  system  is 
rich  in  nerve  elements  such  as.are  found  associated  with  the  central  sys- 
tem and  also  we  find  an  abundance  of  branches  in  connection  with  the 
sympathetic  system  wnich  makes  it  almost  certain  that  the  sympathetic 
system  possesses  a degree  of  independent  function.  This  does  not 
mean  that  the  sympathetic  system  is  entirely  independent  of  the  cerebro- 
spinal system  because  the  unity  of  the  nervous  system  forbids  the  inde- 
pendence of  either.  In  the  body  system  there  is  a minute  nervous  sys- 
tem extending  to  ail  the  body  parts  and  organs  so  that  within  definite 
limits  a small  part  of  the  body  ma}r  be  supplied  for  a time  by  the  nervous 
system  found  within  this  small  part.  The  minute  elements  of  the  ner- 
vous system  are  grouped  together  around  a center  each  organ  having  its 
own  center  or  series  of  centers  in  plexuses  or  ganglia,  union  taking  place 
in  the  case  of  all  of  these  for  common  purposes  in  connection  with  the 
body  system.  The.central  trunk  of  the  sympathetic  system  is  to  unite 
aJl_pf  the^different  parts  of  the  body  system  so  as  to  harmonize  the  animal 
^nd  vegetable  life.  The  question  arises  whether  in  connection  with  the 
sympathetic  ganglia  we  find  the  basis  of  reflex  action.  We  have  seen 
that  the  spinal  cord  and  the  medulla  contain  the  chief  reflex  centers  in 
connection  with  vasomotion.  In  the  case  of  the  heart  there  is  undoubted- 
ly a reflex  nerve  circle  within  the  cardiac  substance  so  that  reflex  action 
may  be  excited  not  only  in  connection  with  the  spinal  but  also  the  sympa- 
thetic nerves. 

If  all  the  nerves  that  unite  the  submaxillary  gland  to  the  medulla 
are  divided  there  is  still  a possible  reflex  action.  By  dividing  the  super- 
ior cervical  ganglia  from  the  higher  centers  there  is  still  a possibility  of 
the  contraction  or  dilatation  of  the  pupil  of  the  eye  reflexly.  The  same 
phenomena  in  connection  with  vasomotor1  contraction  and  dilatation  can  be 
stimulated  in  the  case  of  an  arm  or  a leg  cut  off  from  the  spinal  centers 
by  the  division  of  the  spinal  nerves.  This  has  been  taken  by  some  to 
indicate  that  the  vasomotor  ganglia  inside  the  arm  or  leg  are  independent. 
This  does  not  prove,  however, 'so  much,  for  while  the  main  artery  unites 
the  arm  or  leg  to  the  body  there  will  still  continue  to  be  connection  by 
vasomotion  through  the  arterial  system  in  connection  with  the  spinal 
cord.  It  is  found  that  pigmentation  takes  place  in  connection  with  the 
frog  when  the  brain  and  the  spinal  cord  have  been  destroyed  by  reflex 
stimulation  of  the  sensory  nerves,  the  sympathetic  ganglia  representing 
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the  reflex  centers.  In  connection  with  the  uterus  we  find  ganglia  which 
possess  within  themselves  reflex  power  as  it  is  found  that  even  after  the 
death  of  the  mother  parturition  can  take  place  by  the  independent  action 
of  the  uterine  centers.  Similarly  after  death  there  may  be  a foecal  dis- 
charge, this  discharge  taking  place  in  connection  with  the  intestinal  sym- 
pathetic ganglia.  The  inferior  cervical  ganglion  seems  to  possess  the 
function  of  reflex  action.  In  the  case  of  the  injury  of  the  nerves  of  the 
brachial  plexus  there  is  a shock  communicated  to  the  inferior  cervical 
ganglion  from  which  it  passes  to  the  vertebral  artery  producing  dilatation, 
the  dilatation  being  first  noticed  in  connection  with  the  peripheral 
branches  in  which  is  tound  an  increased  quantity  of  blood.  In  connec- 
tion with  the  inferior  cardiac  nerve  through  this  ganglion  there  may  be 
also  produced  a great  acceleration  of  the  heart  action.  The  reflex  actions 
of  the  sympathetic  ganglia  in  the  abdominal  region  are  very  numerous. 
A mechanical  blow  in  connection  with  the  solar  plexus  may  produce  syn- 
cope; conditions  of  indigestion  may  produce  vertig-o,  palpitation  and  even 
unconsciousness;  the  stimulus  arising  from  the  passage  of  a gall  stone 
may  reflexly  produce  vomiting.  There  are  examples  of  reflex  activity 
manifested  by  the  sympathetic  ganglia  in  connection  with  the  reflex  arcs. 
This  is  particularly  the  case  in  connection  with  cases  of  emntinn  nr  nf 


particularly  the  case  in  connection  with  cases  of  emotion  or  of 
neurotic  pathological  conditions.  In  cases  of  hysteria  arising  from  ut- 
erine or  oavrian  conditions  or  depending  upon  some  pelvic  conditions  we 
find  resulting  vomiting,  diarrhoea,  vertigo,  abnormal  respiration,  dilated 
pupil,  tears,  etc.,  all  these  representing  afferent  stimulation  in  connection 
with  the  solar  plexus  passing  from  thence  along  the  sympathetic  ganglia 
to  the  cervical  ganglia  from  which  stimuli  pass  to  the'  cord,  the  medulla 
and  the  brain.  The  stomach  may  be  irritated  reflexly  in  connection 
with  certain  pathological  lung  conditions  ancTalso  certain  lesions  of  the  kid- 
**/•  Ip  some  cases  of  paraplegia  it  is  claimed  that  the  paralysis  is  asso- 
c.ated  with  the  sympathetic  system.  Brown-Sequard  has  shown  that  the 
vaso-constrictors  can  be  stimulated  in  the  pia  mater  of  the  spinal  cord 
and  in  the  spinal  cord  itself  reflexly  by  stimulation.  He  ligatured  the 
renal  nerves  on  the  same  side  as  the  spinal  pia  mater  producing  constric- 
tion of  the  spinal  vessels  and  resulting  in  paralysis.  The  same  paraplegia 
conditions  may  be  produced  by  uterine  conditions,  by  ulcerative  dysen- 
teric conditions  as  well  as  by  diphtheritic  and  neuralgiac  conditions  and  in- 
flammatory conditions  fo  the  colon,  lungs  and  pleura.  In  connection  with 
constipated  conditions  produced  by  stimulation  of  the  renal  calculus  the 
same  reflex  paraly  tic  condition  has'also  been  found  and  it  is  claimed  depends 
UP00  reflex  irritation.  It  is  certain  that  irritation  found  in  connection  with 
the  body  organs  may  be  passed  to  a sympathetic  ganglion,  the  g-ano-lion 
forming  the  - - - - 


& center  of  reflex  action.  This  is  seen  in  irritated  stomach 
conditions  depending  upon  pathological  lung  conditions  as  well  as  in  the 

mechanical  irritation  of  the  solar  plexus,  The 
a stimulation  be  reflected  through  a ganglion  so 
to  produce  constriction  permanently  upon  the  blood  vessels?  Some 
instances  have  been  given  in  which  reflex  irritation  and  reflex  paralysis 


effect  upon  the  heart  of 
question  is,  can  such 


as 


so 


produced  have  been  continuous  for  a considerable  period. 

In  connection  with  vasomotion  the  chief  function  is  that  of  constric- 
tion, some  believing  that  constriction  is  the  only  function  of  the  nerve 
action,  dilatation  representing  a paralytic  condition  of  the  constrictors, 
n lias  been  fully  demonstrated  that  dilators  exist  in  connection  with 
tne  Kidneys,  the  nervi  erigentes,  the  glosso-pharvngeal,  the  superficial 
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petrosal  and  the  carotid  plexuses.  Some  have  claimed  that  the  dilat- 
ors  are  found  in  connection  with  the  constrictors,  whereas,  the  larm-r 
numbei  claim  that  the  biood  vessels  are  innervated  by  double  fibres 
the  constrictors  and  the  dilators.  In  connection  with  the  reflex'  action 
!"  the  vaso-motor  system  it  has  been  found  that  by  dividing-  the  sciatic 
the  vessels  m connection  with  the  muscles  on  the  opposite  side  become 
conti acted  and  there  is  a fall  in  the  temperature,  the  reverse  being- 
true  in  the  opposite  side.  Vulpian  claims  that  the  contraction  is  pr<> 
duced  reflexly  by  the  stimulation  of  the  sensory  sciatic  nerves.  It  is 
claimed  that  by  simulating-  the  sensory  nerves  in  any  portion  of  the 
v .,k ood, vessels  become  contracted.  It  has  been  found  that 
alter  dividing-  the  cervical  auricular  nerve  supplying- the  ear  of  the  rab- 
bit  and  stimulating-  the  central  end  the  blood  vessels  of  the  ear  become 
dilated,  this  result  being-  a dilated  reflex  action.  Similarly  by  stimu- 
lating the  vagus  according-  to  Cyon  there  is  a dilatation  of  the"  abdom- 
inal vessels  in  connection  with  the  splanchnic  dilators.  Thus  through- 
out the  alimentary  and  urinary  regions  of  the  body  there  are  continuous 
\ai  lations  in  connection  with  the  blood  circulation  taking  place  reflexlv. 
a hg^  conti  action  of  all  arteries  is  not  the  same,  for  example,  the  cere- 
bral,  spinal  and  glandular  arteries  are  most  contractile  while  the  veins 
although  in  a sense  contractile  are  not  subject  to  contractile  action 
under  stimulation,  particularly  the  cerebral  veins  and  the  dura  mater 
sinuses.  In  the  case  of  the  nervi  erigentes  thev  originate  in  connec- 
tion with  the  sacral  plexus,  particularly  the  first  and  second  sacral  nerves, 
passing  along  the  sacral  sides  towards  the  posterior  part  of  the  blad- 
der and  the  prostate  where  they  unite  with  the  hypogastric  plexus. 
After  leaving  the  plexus  they  communicate  with  nerve  fibres  which 
have  connection  in  the  corpus  cavernosum.  In  addition  to  these  ner.es 
the  pudic  nerves  supply  this  region  although  thev  have  no  influent 
upon  the  circulation.  Their  chief  function  is  in  connection  with  the 
passage  of  the  afferent  impulses  in  connection  with  erection.  Erec- 
tion depends  upon  cerebral  stimulation  arising  from  the  direct  stimu- 
lation of  the  vaso-dilators  in  the  erector  nerve  or  rellexFy  in  connection 
with  the  spinal  cord.  In  connection  with  the  iris  we  find  the  element 
of  contractility  but  the  iris  movements  do  not  depend  upon  changes i .1 
the  blood  vessels,  but  rather  upon  changes  in  the  muscle  fibres.  Bv 
stimulating  the  chorda  tympani  there  is  produced  dilatation,  this  dilat- 
ation being  independent  of  the  secretory  action  in  coinfection  with  the 
submaxillary  gland.  The  dilator  fibres  seem  to  exert  an  antagonistic 
action  to  the  constrictors,  being  of  the  nature  of  an  inhibitory  action.  IE- 
dividing  a dilator  nerve  such  as  the  chorda  tvmpani  there  is  no  chan  ;e 
produced  in  the  color  of  the  tongue,  fibres  passing  from  the  sympa- 
thetic to  the  tongue  along  the  lingual  artery.  It  is  probable  that  the 
vasomotors  in  connection  with  the  sympathetic  represent  the  constrict- 
ors while  the  dilators  represent  the  cerebro-spinal  nerves.  It  is  thought 
by  some  that  the  dilators  are  also  sympathetics  being  associated  in 
some  way  with  the  constrictors.  There  is  certainly  a mutual  action 
of  the  dilators  and  constrictors,  this  mutual  action  producing  the  vas- 
cular tonicity.  If  the  great  sympathetic  is  divided  the  blood  vessels 
become  abnormally  dilated.  One  of  the  chief  functions  of  these  dilator 
and  constrictor  fibres  is  to  preserve  vascular  tonicTty.  In  this  function 
the  brain,  the  spinal  cord,  the  gagffonic  plexuses  in  connection  with 
the  arterial  walls  and  the  sympathetic  ganglia  play  an  important  part. 
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although  the  sympathetic  ganglia  seem  to  play  a very  important  part 
in  connection  with  the  vasomotor  centers  that  are  found  in  the  medulla 
and  the  spinal  cord. 

The  .motor  fibres  that  are  associated  with  the  conti'actions  of  the 
blood  vessels  are  tne  that  spring  from  the  ganglia  of  the  sym- 

pathetic system,  passing  along  the  arterial  wall  and  into  the  middle 
coating  of  the  arteries.  This  vasomotor  mechanism  Is  in  a condition 
of  constant  activity.  The  tonicity  of  the"  vessels  is  subject  to  modifi- 
cation depending  upon  the  vessels  themselves  as  well  as  other  parts  of 
the  body.  This  contractile  condition  seems  to  be  produced  by  two  sets 
oT  fibres,  the  one  counteracting  to  a certain  extent  the  other,  as  we 
find  in  the  case  of  the  vagus  and  the  sympathetic  in  relation  to  the 
heart.  The  larger  arteries  are  both  elastic  and  contractile  while  the 
small  arteries  are  only  contractile.  It  has  been  claimed  that  in  the 
case  of  death  there  is  a stimulation  of  the  arteries  which  empties  them 
of  bTood,  the 'venous  blood  stimulating  as  it  is  thought  the  vaso-con- 
strictors.  It  seems  more  rational  to  suppose  that  the  dilators  which 
are  less  numerous  and  possess  less  functional  activity  in  their  death 
remove  the  inhibition  upon  the  constrictors  so  that  the  constrictors 
contract  the  vessels  abnormally  and  thus  ’ empty  the  vessels  of  blood. 
It  is  fonnd  that  tascular  tonicity  is  destroyed  by  the  destruction  of  the 
medulla,  out  {hat  it  is  necessary  f cf "'de'stP'oy'iri ^addition  to  the  medulla 
the'  spinal  centers  in  order  to  cut  off  reflex  impulses.  It  is  found  in, 
the  case  of  the  child  after  birth  without  any  cerebro-spinal  centers 
that  there  is  the  existence  of  vascularity  depending  upon  the  reflex 
centers  in  the  sympathetic  ganglia.  This  reflex  apparatus  depends  for 
its  stimulation  upon  the  undulations  of  the  blood  in  its  circulation  through 
the  vessels!  Hence  in  the  blood  vessels  we  have  all  that  is  necessary  to 
sustain  this  reflex  action  in  connection  with  the  sympathetic  ganglia,  the 
sympathetic  fibres  and  the  medullary  spinal  center.  It  is  not  necessary 
that  the  mudullary  spinal  center  be  regarded  as  the  center  of  these  reflex 
actions.  The  ganglia  in  connection  with  the  vessel  walls  or  the  ganglia 
of  the  cardiac  plexuses  may  act  as  centers  in  connection  with  these  reflex 
acts..  Whatever  produces  paralysis  of  the  constrictors  in  the  blood  ves- 
sels produces  an  increase  of  blood  pressure;  hence,  whatever,  abnormally 
irritates  the  dilators  produces  an  increase  in  the  blood  pressure.  Hence 
the  normal  vascularity  ot  tne  blood  "vessels  is  opposed  to  the  abnormal  in- 
crease of  the  blood  pressure.  By  stimulating  excessively  the  sympathe- 
tic ganglia  the  arterial  blood  pressure  may  be  increased  and  there  may  be 
produced  a palpitation  that  will  temporarily  overbear  the  normal  constric- 
tion. If  the  vagi  and  the  other  cardiac  nerves  are  divided  heart  action 
would  still  continue  for  a time  in  connection  with  the  cardiac  ganglia. 

he  ganglia  that  are  found  within  the  heart  represent  the  reflex  centers 
in  connection  with  which  the  stimulation  of  the  blood  passes  to  the  mus- 
cles. Aside  from  cardiac  lesions  involving  the  valves  or  paralysis  of  the 
sympathetic  nerves  there  may  be  a lowering  of  blood  pressure  in  the 
arteries  chiefly  in  connection  with  the  depressor  nerve.  By  dividing 
this  nerve  and  stimulating  its  central  end  there  is  a lowering  of  the  blood 
pressure  and  at  the  same  time  a slowing  of  the  heart  action.  In  connec- 
ti(ui_ajjth  depression  there  is  a reflex  action  in  connection  with  the  splan- 
chnic* resulting  in  the  dilatation  of  the  intestinal  blood  vessels,  a free 
channel  is  provided  for  the  passage  of  blood  from  the  arteries  to  the  veins 
and  so  the  pressure  is  lowered.  Thus  it  does  not  depend  upon  the  action 


the  sympathetic  system. 
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° ^le  constrictors  but  upon  the  rcllex  inhibition  of  their  action  depending 
upon  the  stimulation  of  the  depressor  nerve.  The  tension  that  is  found 
in  anaemia  has  been  explained  as  partly  depending7" upon"  the  difficulty  In 
the  passa<reoranaemlcl,'B16bd  through • » ^ 


i ~~i  I i ~ i ! ~ — i — laries  and  chief!  y due  to  the 

contracted,  conditions  of  the  arterioles  depending  upon  the  'sti'm ulation of 
the  vaso-motor  center,  this  stimulation' taklng'place  by  the  depxy  renafr.fi 
blood.  \\  e do  not find  any  vaso-motors  in  connection  \ v ith  the  pujjxior.- 


>n 
is  a 


ai  \ oil  dilation  and  hence  in  anaemia  the  blood  passes  very  freely  through 
the  lungs.  The  acceleratory  fibres  to  the  heart  pass  from  the  inferh,.- 
cei-yical ganglia  along  its  third  branch.  TGZxia^cUr.ecT  acEcm  oflbe 
spinal  cord  upon  the  heart  is  through  this  nerve.  The  fibre  branches 
that  pass  from  the  cervical  ganglia  and  the  cervical  sympathetic  govern 
the  action  of  the  heart.  By  the  use  of  the  induced  current  in  connects 
with  the  vagi  there  is  no  change  in  the  cardiac  vessels  although  there 
stoppage  of  heart  action.  No  influence  is  exerted  upon  the  heart  vessels 
from  the  inferior  cervical  gangTiom  Theeardiac  branches  of  the  sym- 
pathetic when  stimulated  may  produce  an  increase  of  heart  action  and  a 
decrease  of  the  systolic  period.  Some  discussion  has  taken  place  as  to 
the  location  of  the  accelerator  centers,  some  claiming  that  these  are  in  the 
praefrontal  and  the  post  frontal  convolutions,  although  these  are  more 
likely  to  represent  the  vasomotor  centers  the  increase  of  heart  action  de- 
pending upon  the  change  in  arterial  pressure.  Others  claim  that  the 
centers  are  in  the  cervical  region  of  the  spinal  cord,  the  fibres  passing 
out  from  the  cord  by  the  rami  communicantes  down  to  the  sixth  dorsal,  the 
higher  fibres  in  connection  with  the  superior  and  middle  cardiac  nerve 
and  the  lower  cervical  nerve  uniting  with  the  thoracic  nerve  branches  at 
the  Vieussens  loop  and  forming  the  inferior  cardiac  nerve.  The  sym- 
pathetics  also  act  indirectly  upon  the  heart  through  the  reflex  stimulation 
by  the  depressor  nerve.  The  vagus  represents  the  inhibitory  nerve  of 
the  heart.  The  vagi  connection  with  the'  cervical  sympathetic"^  close,  fh 
connection  with  the  ganglia.fibres  are  sent  out  to  the  superior  cervical 
ganglia  and  branches  are  also  received  from  the  same  organ.  Here  we 
have  an  example  of  dual  inhibition.  If  this  did  not  existpvhere  the  cervi- 
cal  sympathetic  is  injured  the  vagi  action  would  produce  paralysis  of  the 
cardiac  motivity.  If  the  vagus  and  the,  spinal  accessory  were  injured, 
then  without  this  dual  inhibition,  no  inhibition  would  be  found  in  the  case 
of  the  heart  so  that  the  heart  would  be  allowed 


to  accelerate  its  action 
without  any  limit.  In  the  union  of  these  two  opposing  systems  of  nerves 
there  is  an  influence  exercised  o~ver  the  heart  arisi’ngirOTB  the"  vagus  in 
connection  with  the  cerebral  center  and  l:he"  ganglia  of  the  vagus  down,  to 
the  sixth  dorsal  and  possibly- to  the  first  lumbar,  this  action  producing 
the  balance  of  cardiac  action.  The  cardiac  action  may  be  sustained 
through  the  influence  of  the  sympathetic  cardiac  ganglia!  It  is  more 
probable  as  we  have  seen  already  that  the  rhythm  of  cardiac  movements 
depends  uporTthe  muscular  tissue,  as  this  rhythm  Is  found  in~  connection 
with  the  embryonic  heart  so  that  the  heart  rhythm  is  really  "independent 
of  the  nervous  mechanism.  The  vagus  undoubtedly  exercises  an  in- 
fluence upon  the  muscle  tissue  as  a trophic  fibre  rather  than  as  a motor 
fibre. 

The  glands  of  the  body  are  not  only  in  relation  to  the  circulation 
through  the  blood  vessels  but  also  in  close  relation  with  the"  nervous  sys- 
tem.  There  is  an  increase  of  gland  secretion  in  connection  with  emo- 
tional conditions.  All  the  glands  of  the  body  are  subject  to  both  the 
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cerebo-spinal  and  the  sympathetic  action.  According-  to  Bernard  the 
c eTetjrb-s p i n al  represents'  the  stimulator  or  vaso-dilator  and  the  sym- 
le  moderator  or 


•spi 

pathetic  tne  moderator  or  vaso-constr[ctor.  In  saliva!  secretion  the  sub- 
maxillary  and  sublingual  glands  arc  supplied  by  the  chorda”  tympani  and 
the  parotid  by  the  small  supficial  petrosal,  representing  branches  of  the 
facial  nerve.  These  branch esrreureSehTBTe  d ilator  and  constrictor  fibres 
while  the  sympathetics  represent  the  constrictoi'  fipres.  {Some  fi|aim  that 
in  the  sympathetic  we  find  secretory  fibrejS^ arising  at  the  third  or  fourth 
dorsal  but  this  Is  denied  by  others  who  say  that  all  the  secretory  nerves 
are  found  in  connection  with  the  cranial  nerves.  As  yet  there  is  no  proof 
of  the  existence  of  secretory  fibres  in  connection  with  the  sympathetics, 
although  some  think  that  the  cranial  nerves  provide  the  secretory  fibres 
in  connection  with  the  water  element  and  the  sympathetics  the  secretory 
fibres  for  the  organic  elements.  Experiments  indicate  that  secretory  ac- 
tion does  not  depend  upon  the  character  of  the  circulation  but  depends 
directly  and  reflexly  upon  the  nervous  connection  of  the  gland.  This  does 
not  prove  that  the  increase  of  blood  does  not  produce  an  increased  secre- 
tion but  simply  that  the  secretory  action  must  involve  the  secretory 
nerves.  Salivation  secretion  is  a reflex  action,  stimulated  by  lingual 
movements  or  the  presence  of  a substance  in  'the  mouth.  It  is  also  de- 
pendent upon  the  stimulation  of  the  special  sense  of  smell,  sometimes 
that  of  sig-ht  and  also  sometimes  that  of  hearing-  in  connection  with  some 
: apid  substances.  In  connection  with  the  lachrymal  glands  the  chief 
nerve  of  secretion  is  in  connection  with  the  fifth.  The  experiments  seem 
to  indicate  the  sympathetic  has  a controlling  influence  over  lachrymation 
111  the  case  of  emotional  conditions.  The  stimulation  of  the^sympa- 
tnetic  increases  lachrymation  although  the  secretion  in  this  case  becomes 
more  viscid.  In  connection  with  lactation  it  seems  that  it  depends 
larg-ely  upon  the  circulation  in  the  gland,  although  the  secretory  nerves 
";ay  an  important  part,  the  cerebro-spinal  coming  from  the  fourth  and 
fifth  dorsals.  The  mammary  gland  is  very  subject  to  reflex  stimulation, 
the  first  secretion  of  milk  depending  upon  t'he  stimulation  aroused  by  the 
movements  of  the  foetus  within  the  uterus.  This  stimulation  aroused  in 
the  uterus  may  pass  through  the  sacral  plexus  to  the  spinal  cord  and  pass 
up  along  the  cord  to  the  point  where  the  mammarv  nerves  are  given  off  at 
the  fourth  and  fifth  dorsals  or  if  the  stimuli  are  strong  they  may  pass  to 
Liie  brain  and  thence  descend  to  the  mammary  nerves  in  the  dorsal  reg-ion. 
i hese  stimuli  may  also  pass  from  the  uterine  ganglia  through  the  sympa- 
tnetics  to  the  semilunar  ganglia  and  may  thence  pass  to  the  ganglia  of  the 
sympathetics  in  the  dorsal  region  and  thence  to  the  mammary  gland  or  to 
the  spinal  cord  and  thence  to  the  gland.  The  afferent  impulses  may  be 
aroused  by  simple  touch  and  this  forms  the  beginning  of  the  purely  reflex 
action  associated  with  lactation.  In  connection  with  lactation  it  is”  neces- 
sary to  avoid  emotional  conditions  and  also  conditions  of  indigestion,  these 
indicating  the  sympathetic  influence  over  the  mammary  secretion.  If  a 
substance  is  not  easily  digestible  stimulation  may  be  excited  in  connection 
with  the  plexus  beneath  the  mucous  membrane  of  the  stomach  which  may 
pass  to  the  nerves  of  lactation  and  thus  influence  the  secretion. 

In  connection  with  sweat  secretion  we  have  a distinct  set  of  fibres 
probably  the  secretory  fibres  being  cerebro-spinal  and  the  sympathetic 
■ ' i-s  1 epresenting  the  moderating  or  inhibitory  fibres  or  vasoconstrictor 
u,nes.  1 hysiologists  do  not  agree  as  to  whether  the  secretory  fibres  are 
cei  eoro-spinal  or  sympathetic.  Some  claim  that  the  nerves  in  connection 
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with  the  lower  parts  of  the  body  are  found  in  connection  with  the  abdomi- 
nal sympathetics  leaving  the  cord  in  connection  with  the  first  four  lumbar 
aad  last  theee  dorsal  nerves;  for  the  upper  part  of  the  body  they  are  said 
to  be  found  in  the  spinal  nerves  in  connection  with  the  superior  thoracic 
ganglia.  By  dividing  the  cervical  sympathetic  it  is  found  there  is  an  in- 
crease of  sweat  on  the  same  side  as  the  division;  at  tho  same  time  there  is 
not  paralysis  of  vasomotion  sufficient  to  produce  the  excessive  sweating. 
From  this  it  is  concluded  that  the  sympathetic  inhibits  hyperactivitv  on 
the  part  of  the  sweat  glands  an<f~£ussists  in  preserving  tonicity  in  the 
glan^gr-  Excess  of  sweating  according  to  this  would  depend  on  secretorv 
fibres  passing  out  from  the  spinal  cord  through  the  rami  communicantes 
to' the  sympathetic  ganglia.  The  sweat  center  is  supposed  to  be  found  in 
the  spinal  cord.  In  excessive  sweating  we  find  that  the  cause  is  some- 
times associated  with  indigestion  or  with  abdominal  irritation  of  some 
kind  indicating  that  the  action  is  a reflex  one.  The  sweat  secretion  is  as- 
sociated with  vasomotor  paralysis.  That  this  is  so  is  proved  by  the  fact 
that  if  the  vasomotor  centers  become  paralyzed  then  the  vascularity  of  the 
sweat  gland  is  altered  producing  a bloody  sweat. 

In  connection  with  the  stomach  we  find  that  the  splanchnics  represent 
the  dilator  and  constrictor  fibres.  The  vagus  has  no  vasomotor  conhec- 
tion  with  the  stomach.  Injuries  at  the  base  of  the  brain  sometimes  pro- 
duce a softening  of  the  stomach.  Th^  gastric  glands  are  subject  to  the. 
control  of  the  sympathetic  system,  the  fibres  originating  in  the  solar 
pTexus  and  the  semilunar  ganglia  sometimes  influencing  the  gastric  glands 
independently  of  the  action  of  the  cerebro-spinal  system.  The  vasomo 
tors  regulate  the  amount  of  blood  while  the  secretory  fibres  are  probably 
fibres  from  the  pneumogastric.  The  gastric  glands  are  stimulated  chiefly 
by  the  presence  of  food  in  the  stomach,  the  stimulation  of  some  of  the 
nerve  fibres  leading  to  the  stomach  not  producing  any  effect  upon  the 
stomach.  Even  if  the  nerves  to  the  stomach  are  divided  the  secretion 
will  go  on  without  interruption.  This  indicates  that  the  ganglia  found  in 
the  stomach  walls  may  act  as  centers  of  secretory  activity.  The  most 
generally  accepted  theory  is  that  the  vagi  represent  the  secretorv  fibres 
and  the  sympathetics  the  constrictor  fibres.  This  close  sympathetic  re- 
lation  of  the  s to machTTu r n i sh e s the  reason  why  the^astric  secretion  is  so 
easily  affected  by  stimulations  originating  in  the  kidneys  and  lungs,  etc. 
In  connection  with  the  liver  the  secretory  influence  in  connectirn  with 
vasomotion  passes  through  the  splanchnics  while  the  true  secretory  influ- 
ence passes  from  the  hepatic  plexus,  the  fibres  arising  from  the  solar 
plexus.  Lesions  in  the  solar  plexus  are  found  to  produce  an  increased 
bile  secretion;  a similar  change  taking  place  in  the  case  of  lesions  in  other 
organs.  It  is  possible  that  the  influences  which  pass  to  the  liver  through 
the  hepatic  plexus  originate  in  connection  with  the  fibres  from  the  vagi. 
In  connection  with  the  kidney  the  nerve  fibres  originate  from  the  greater 
splanchnic  and  from  the  solar  plexus  while  a few  fibres  pass  directly  Irom 
the  solar  plexus  and  a few  from  the  small  splanchnic.  It  is  probable  that 
there  is  here  an  opposition  between  the  vagus  and  the  splanchnic,  the 
mutual  action  of  these  two  nerve  connections  forming  the  basis  of  normal 
renal  action.  If  all  the  nerves  passing  to  the  kidney  are  divided  or  it  the 
greater  splanchnic  alone  is  divided  there  is  kidney  congestion.  It  the 
peripheral  end  of  the  divided  splanchnic  is  stimulated  there  is  a cessation 
of  the  flow  of  urine.  Thus  the  splanchnic  supplies  in  part  the  vasomotor 
fibres  to  the  kidney.  Both  the  dilator  and  the  constrictor  fibres  are  found 
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in  connection  with  the  splanchnic.  Much  discussion  has  taken  place  as 
to  whether  the  urine  is  the  secretion  of  a gland  or  simply  a filtering 
process  representing  a true  excretion.  If  the  sympathetic  is  divided  in 
the  neck  or  if  the  cervical  sympathetic  is  divided  there  is  found  to  be  an 
excess  of  urine,  indicating  that  the  cerebro-spinal  centers  influence  the 
kidneys  through  the  sympathetic  system.  It  has  been  found  that  by 
puncturing  the  floor  of  the  fourth  ventricle  close  to  the  point  at  which  the 
diabetic  puncture  is  made  there  results  an  excessive  increase  of  urine. 
'1  his  seems  to  indicate  that  the  vaso-motor  regulation  of  the  renal  blood 
supply  takes  place  through  the  splanchnic.  It  is  found  that  by  irritating 
the  sympathetic  trunk  from  the  fifth  vertebral  that  there  follow  move- 
ments of  the  small  seminal  pouches  at  the  base  of  the  bladder  called  the 
vesiculae  seminales.  The  fibres  which  produce  this  stimulation  originate 
in  connection  with  the  general  spinal  center.  The  testicular  secretion  is 
subject  to  the  influence  of  the  emotions,  indicating  the  action  of  the  sym- 
pathetic system.  The  secretory  fibres  spring  from  the  spermatic 
plexus  branching  off  from  the  renal  plexus.  In  connection  with  the 
renal  plexus  it  is  closely  connected  with  the  small  splanchnic  and  with 
the  spinal  cord.  The  vasomotor  fibres  also  arise  from  the  spermatic 
plexus  and  are  found  distributed  in  connection  with  the  branches  of  the 
spermatic  artery.  In  all  of  these  secretory  actions  we  find  the  princi- 
ple of  dual  inhibition  in  connection  with  vasomotor  and  secretory  fibres, 
representing  both  the  cerebro-spinal  and  the  sympathetic  systems.  In  con- 
nection with  absorption  we  find  that  the  process  of  absorption  is  in- 
terfered with  when  the  spinal  and  cerebral  centers  are  destroyed.  This 
indicates  that  the  vascular  tonicity  is  necessary  to  absorption  and  that 
the  loss  of  this  tonicity,  interfering  as  it  does  with  the  circulation,  arrests 
or  destroys  absorption.  The  nutrition  of  an  organ  or  a part  of  the  body 
depends  upon  the  blood  supply  and  on  the  normal  action  of  the  absorption 
process.  Both  of  these  functions  as  we  have  seen  depend  upon  the  reg- 
ulative action  of  the  sympathetic  system.  The  nerve  centers  seem  to 
send  out  a trophic  influence  which  is  necessary  for  the  maintenance  of  the 
normal  condition  of  the  muscle.  For  example,  if  the  trigeminal  nerve  is 
divided  beyond  the  Gasserian  ganglion  there  is  only  a slight  effect  pro- 
duced upon  the  eye,  whereas,  if  the  division  takes  place  between  the  pro- 
tuberance and  the  ganglion  the  nutrition  of  the  eye  is  very  seriously  aff- 
ected. By  the  division  of  the  cervical  sympathetic  in  the  case  of  enfeebled 
animals  conjunctivitis  and  inflammation  of  the  cornea  are  produced.  Sim- 
iiai  1 esults  follow  the  extirpation  of  the  superior  cervical  ganglion, 
i his  seems  to  indicate  that  by  cutting  off  the  nerves  trophic  influences 
ai  e cut  off  from  the  organs.  The  spinal  origin  of  the  vasomotors  in  con- 
nection with  the  leg  is  higher  up  than  that  of  the  sciatic.  In  the  case  of 
m uscl  uai  atrophy  occurring  along  with  lesions  beneath  the  vasomotor  origin 
t.iis  condition  of  atrophy  must  depend  upon  the  loss  of  influences  from 
centers  outside  of  the  spinal  system.  According  to  Bell  muscular  atro- 
phy  ‘s  associated  with  the  sympathetic  system.  According  to  him  in 
addition  to  lesions  found  in  the  anterior  horns  the  cervical  ganglia  of 
t ie  sympathetics  are  altered  or  degenerate,  several  cases  being  recorded 
in  which  degeneration  of  the  sympathetic  was  found  associated  with  pro- 
gressive  muscular  atrophy.  One  case  is  recorded  of  acute  liver  atrophy 
accompanied  by  degeneration  in  the  nerve  cells  of  the  sympathetic  gang- 
ia.‘  . L h c s y m i >a t h e t i c sys te m undoubtedly  has  some  influence  upon  nu- 

ti  ltion,  for  it  i.ifiuencesfne  processes  of  absorption  and  assimilation  by 


changes  in  the  tension  of  the  blood.  In  addition  to  this  we  have  the  fact 
that  ;n  t he  embryo  condition  nutrition  takes  place  before  the  distinct  ,v,- 
pcata  tic  e okth^'cercl)  ro-spi  nal  sysfc  in . This  seems  to  mZTicate  that  nu- 

tntion  is  carried  on  in  connection  with  the  nerves  which  supply  the  dif- 
ferent parts  of  the  body,  all  the  nerves  having-  in  addition  to  the  special 
hi  nction  a trophic  function. 

Claude  Bernard  claims  that  the  vasomotor  system  represents  heat 
i eg  ulation.  To  a certain  extent  this  is  true  because  vaso-motion  regulates 
the  blood  movements  and  therefore  regulates  the  heat  loss.  In  the  case 
of  the  vessels  heat  dilates  the  vessels  and  produces  acceleration  of  the 
heart’s  action,  whereas  cold  contracts  the  vessels  and  slows  the  heart  ac- 
tion. The  body  temperature  represents  to  a larg-e  extent  the  metabolic 
chang-es  that  take  place  within  the  body.  The  vasomotor  action  in  the 
case  of  body  temperature  either  produces  heat  or  modifies  its  exhaustion. 
^ asomotion  regulates  the  dilatation  of  the  vessels  and  as  the  amount  of 
blood  within  an  organ  depends  upon  the  heart  action  the  sympathetic 
system  has  something  to  do  with  body  temperature.  The  sympathetic 
influence  upon  animal  temperature  must  depend  therefore  upon  vaso- 
motor action  in  connection  with  the  body  as  a whole,  vasomotor  action  in 
connection  with  the  skin  and  upon  the  accelerator  fibres  that  are  found  in 
connection  with  the  heart,  regulating  the  amount  of  bipod  passing  to  the 
tissues  and  also  the  amount  of  oxygen  that  passes  through  the  lungs. 
According  to  Bernard  the  cerebro-spinal  nerves  are  the  heat  nerves,  be- 
cause by  the  dilatation  of  the  blood  vessels  the  increase  of  blood  and  of 
metabolic  action  thei*e  is  an  increase  of  heat.  The  creation  of  heat  de- 
pends  upon  chemical  action  but  its  distribution  or  its  diminution  depends 
upon  the  action  of  the  sympathetics.  It  is  claimed  that  there  is  a regu- 
lating center  in  or  in  connection  with  the  pons  V a rot  a so  that  it"  it  is  ob- 
literated or  the  nerve  fibres  to  it  destroyed  there  is  an  increase  in  tem- 
perature. In  connection  with  fever  it  isclaimed  by  some  that  the  heat 
production  is  not  excessive,  the  increase  of  temperature  depending  upon 
heat  distribution  subject  to  nervous  action.  Others  claim  that  the 
nervous  system  has  nothing  to  do  with  the  fever  condition  but  that  the 
fever  depends  entirely  upon  an  increase  in  the  chemical  action  of 
metabolism.  According  to  others  we  find  both  an  increase  in  the 
chemical  action  and  nervous  action.  According  to  the  first  class  of 
writers  the  vasomotor  system  is  chiefly  involved,  there  being  no  material 
change  in  the  heat  production,  but  the  heat  produced  being  d'stributed 
throughout  the  parts  of  the  body  affected.  In  a condition  of  rigor  the 
peripheral  blood  vessels  are  in  a condition  of  spasms  driving  the  blood  to 
the  interior  of  the  body,  thus  cutting  off  the  means  of  heat  loss  so  that 
there  is  a great  ac^umu  ation  of  heat.  After  this  the  peripheral  vessels  be- 
come dilated  but  as  the  patient  is  in  a hot  temperature  under  ordinary 
conditions  the  heat  is  not  lost.  According  to  those  who  hold  that  the  heat 
production  is  increased  on  account  of  the  chemical  action  it  is  claimed  that 
the  increase  of  temperature  does  not  depend  upon  vasomotor  changes  and 
that  the  nervous  system  plays  a very  small  part  in  the  heat  accumulation. 
According  to  some  there  is  an  increased  oxidation  in  the  albuminoid  sub- 
stances while  the  carbon  substances  cease  to  be  oxidized  and  give  rise  to  a 
condition  of  fatty  degeneration.  According  to  Hirtz  the  vasomotor  system 
has  the  power  to  lessen  the  heat  loss.  Hence  in  infectious  fevers  he  finds 
that  the  cause  of  the  increased  activity  on  the  part  of  the  organic  oxida- 
tion is  the  germ  that  is  taken  into  the  blood  while  in  other  fevers  it  is 
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found  in  the  septic  poison.  Many  consider  that  the  initial  cause  is  to  be 
found  in  the  bacteria  that  are  associated  with  the  different  forms  of  fever. 
The  primary  spasmodic  condition  is  aroused  in  connection  with  the 
sensory  cutaneous  nerves  which  send  to  the  central  nervous  system  a sen- 
sation of  cold.  The  result  of  this  is  that  the  difference  in  temperature 
becomes  intensified  as  well  as  the  spasmodic  condition.  The  larger  blood 
vessels  and  the  heart  when  stimulated  by  the  flow  of  blood  drive  out  the 
blood  without  any  control  into  any  open  part  of  the  circulation,  particul- 
arly into  the  circulation  of  the  spinal  cord  producing-  inhibition  of  some  of 
the  centers  and  excessive  activity  in  others.  After  this  stag-e  the  blood 
passes  to  the  surface  of  the  body,  continuing-  in  a heated  condition  on 
account  of  the  continued  oxidation.  Associated  with  this  there  is  a 
dilatation  of  the  blood  vessels  resulting  in  a slower  circulation  followed  by 
the  absence  of  sweat  and  congested  conditions  involving  the  centers  which 
produce  the  characteristic  headache  and  insomnia  associated  with 
fevers.  According  to  others  there  is  undoubtedly  an  increased 
oxidation  but  this  it  is  claimed  depends  upon  the  increased 
activity  of  the  nervous  system.  In  the  brain  it  said  there  is 

a special  center  of  inhibition  which  controls  normally  the  oxidation 
processes,  whereas  in  fevers  on  account  of  the  paralysis  of  this  inhib- 
itory center  there  is  no  inhibition  of  the  oxidation  process.  This  center 
of  inhibition  may  be  paralyzed  by  any  septic  or  bacterial  substances.  Ac- 
cording-to  some,  heat  producing  substances  irritate  the  centers  of  vaso- 
motion  producing  the  spasmodic  rigor  condition  and  cutting  off  the  heat 
loss.  When  those  centers  become  enfeebled  or  possibly  by  an  increased 
toxic  action  the  paralysis  becomes  more  complete,  the  result  being  that 
the  tissues  are  unrestrained  in  their  chemical  oxidation.  Accordtng  to 
some  fever  consists  in  a pathological  condition  of  the  entire  nervous  sys- 
tem,  the  sensory  nerves  being  prominent  in  this  condition  at  least  in  local 
inflammatory  conditions.  There  is  no  doubt  that  the  temperature  de- 
pends largely  upon  an  increased  activity  and  the  increased  activity  affects 
the  nerve  centers.  The  nervous  system  has  a direct  action  in  the  case  of 
heat  production  in  connection  with  vasomotion  and  also  in  connection  with 
cei  tain  fibres  that  are  not  vascular.  In  the  case  of  a high  temperature 
there  is  a diagnostic  symptom  of  a cerebral  lesion,  particularly  a lesion 
associated  with  the  pons.  What  is  called  traumatic  fever  does  not  arise 
from  nervous  influence  but  originates  from  some  iniurv,  the  influence 


passing  from  some  fluid  or  semifluid  substance 


injury, 
containing 


bacteria  or 


bacterial  poison  passing  into  the  circulation  and  thus  affecting  the  nerve 
centers.  It  is  found  in  the  case  of  fever  that  various  parts  of  the  system 
are  brought  into  play.  In  the  application  of  neat  externally  to  the  body 
there  is  a rise  in  temperature  and  at  the  same  time  an  abnormal  condition 
involving  the  nervous  system,  the  circulation,  digestion  and  secretion, 
these  changes  depending  upon  the  increase  in  external  temperature, 
l his  indicates  that  an  increased  temperature  is  a diagnostic  symptom  of 
i VCI\  fn  the:  ca.se  °f  the  division  of  the  spinal  cord  it  is  found  that  the 
os.s  ° increased  and  if  the  section  takes  place  higher  than  the 

point  of  the  origin  of  the  splanchnic  nerves  there  is  a sudden  increase  in 
the  amount  of  heat  loss  and  also  in  the  amount  of  heat  production.  The 
cause  o the  diminution  in  the  heat  production  is  probably  to  lie  found  in 
e vaso-motor  paralysis  also  producing  an  increased  loss  of  heat  so 
that  there  is  such  a lessening  of  the  heat  as  to  interfere  with  the  oxidation 
pi  ocesses  of  the  body.  The  chief  vaso-motor  center  is  found  in  a region 
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two  centimeters  below  the  corpora  quadrigemina  and  four  centimeters 
above  the  apex  of  the  calamus  scriptorius.  It  has  been  found  that  the  chief 
vasomotor  center  is  in  the  lower  part  of  the  floor  of  the  fourth  ventricle 
close  to  the  apex  of  the  calamus.  By  dividing-  the  medulla  at  its  point  of 
junction  with  the  ponsthere  is  found  to  be  an  increase  of  temperature  in  the 
dog-  and  also  an  increased  heat  loss  although  the  loss  is  less  than  the  produc- 
tion, accounting-  for  the  increase  in  the  body  temperature.  This  increase 
in  body  heat  depends  upon  the  absence  of  some  active  force  governing 
the  heat  production  and  hence  it  is  claimed  that  a nerve  center  is  located 
in  this  region  called  the  inhibitory  heat  center  which  normally  inhibits 
the  chemical  oxidation  processes  in  the  body.  To  maintain  the  normal 
temperature  the  nervous  system  must  be  intact;  this  includes  the  vaso- 
motor action  because  these  nerves  by  constricting-  the  superficial  capilla- 
ries and  inhibiting-  the  secretions  are  able  both  to  increase  and  to  decrease 
the  heat  loss.  Fever  represents  thus  a condition  in  which  a depressent 
poison  seems  to  act  upon  the  nervous  system  interfering  with  its  regul- 
ative action  in  the  case  of  the  production  and  the  loss  of  heat.  The  cen- 
ter  becomes  paralyzed  and  does  not  exert  a normal  influence  upon  the 
system  so  that  the  tissue  chang-es  take  place  at  a very  rapid  rate  and  there 
is  involved  metabolic  processes  to  excess.  While  this  heat  center  is  par- 
alyzed the  vaso-motor  system  is  also  affected  to  sych  an  extent  that  they 
are  unable  to  act  normally  and  are  therefore  unable  to  throw  off  the  heat 
which  becomes  accumulated  to  excess  within  the  body  system.  Conges- 
tion  results  from  either  direct  or  vaso-motor  paralysis,  direct  in  the  case 
of  the  division  of  the  cervical  sympathetic  and  in  cases  in  which  the  spinal 
cord  is  injured  resulting- in  an  interference  with  the  cardiac  circulation. 
Cong-estion  is  reflex  when  it  is  stimulated  by  some  sensory  excitation  as 
in  the  case  of  the  division  and  stimulation  of  the  glosso-pharyngeal  nerves. 
In  reflex  congestion  there  is  g-enerallv  a suspension  of  the  tonic  action  of  the 
vaso-motor  centers  either  cerebral  or  sympathetic. 

The  sympathetic  system  influenced  b}r  emotion.  Some  physiologists 
consider  that  the  center  for  emotion  is  located  in  the  ring-like  protu- 
berance, but  it  is  more  probable  that  centers  of  emotion  are  to  be  found  in 
different  parts  of  the  cortex.  When  this  center  of  emotion  becomes  ex- 
cited the  reaction  influence  is  imparted  to  the  medulla  and  the  spinal  cord 
producing  muscular  contraction  or  iufluencing  the  heart  movement,  vas- 
cular tonicityand  internal  secretion.  These  changes  that  are  associated 
with  vascular  tonicity  sometimes  result  in  a congested  condition,  the 
congestion  being  due  to  relaxation  in  connection  with  the  vasomotor 
centers,  the  activity  of  these  centers  in  maintaining  tonicity  being  inter- 
fered with.  These  centers  are  found  in  the  cervical  and  upper  dorsal 
ganglia  of  the  sympathetic. 

In  connection  with  inflammation  there  is  often  a determination  of  the 
blood  to  the  part  inflamed.  The  inflammation  originates  from  some  kind 
of  irritation,  this  irritation  stimulating  the  sensory  nerves,  this  stimu- 
lation being  transmitted  to  the  vasomotor  centers  which  govern  the  region 
that  is  irritated.  The  result  of  this  is  that  the  tonic  action  of  the  centers 
is  interfered  with  producing  an  interference  with  the  tonicity  of  the 
vessels,  a dilatation  of  the  vessels.  This  interference  with  vasomotion 
assists  development  of  the  inflammatory  condition  although  it  is  not  of  it- 
self inflammation.  There  is  a vital  change  that  takes  place  place  in  con- 
nection with  the  tissues  as  a result  of  the  irritation  so  that  the  part 
becomes  morbid.  This  condition  may  be  produced  reflexly.  The  vaso- 
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motor  action  then  enters  into  the  inflammatory  condition  and  becomes 
of  importance  in  the  determination  of  the  progressive  stages  in  the  infla- 
mmation. As  to  the  manner  in  which  the  vaso-motor  centers  either  in 
ganglia  or  in  the  central  system  are  irritated  it  is  not  definitely  known 
although  it  is  due  in  all  probability  to  some  peripheral  irritation  resulting- 
in  the  suspension  of  the  tonic  activity  on  the  part  of  the  centers.  Accord- 
ing: to  Vulpian  this  is  the  true  theory  of  inflammation.  According  to  him 
in  such  a condition  as  pneumonia  in  addition  to  the  cold  tTiaTYeflexly  inter- 
feres with  pulfflgftary  nutrition  there  is  to  be  found  a predisposition  to  the. 
inflammatory  condition  and  this  latter  condition  causes  the  lunges  to  be 
more  sensitive  to  the  reflex  action  produced  in  connection  with  the  cold- 
This  predisposition  locally  is  explained  by  the  presence  of  the  pneumonia 
microbe.  Even  althoug-h  vaso-motor  paralysis  does  not  directly  influence 
the  first  stag-es  of  inflammation  we  find  undoubtedly  instances  in  which 
life' action  is  indirect,  arising-  from  the  partial  paralysis  of  the  vaso-motor 
centers.  This  fact  has  tended  to  introduce  a false  conception  of  the 
position  of  the  vaso-motors  in  inflammatory  conditions.  Very  often  con- 
gestion becomes  inflammation  and  this  led  some  to  reg-ard  the  one  as  the 
cause  of  the  other.  When  a part  becomes  congested  there  is  gradually 
malnutrition,  the  part  affected  being-  imperfectly  nourished  and  thus  pre- 
disposed to  influences  that  produce  inflammation.  At  this  point  the  exter- 
nal influence  comes  into ’action  still  further  modifies  the  nutrition  and 
thus  forms  the  last  factor  in  the  production  of  inflammation.  Cong-estion 
as  we  have  seen  forms  a predisposition  to  inflammation,  but  this  may  pass 
into  an  oedematous  condition.  The  vaso-motors  are  brought  into  play  in 
producing-  oedema.  When  the  vaso-motors  are  paralyzed  the  arteries 
become  filled  with  blood  and  the  capillaries  become  dilated  and  when  there 
is  an  obstruction  to  the  venous  circulation  then  we  have  oedema.  This 
oedematous  condition  may  be  produced  reflexly,  associated  with  dilatation 
of  the  vessels  arising-  from  some  reflex  sensory  stimulation.  The  cause 
of  oedema  is  undoubtedly  vital  and  cannot  be  regarded  as  simply  due  to 
a mechanical  obstruction.  It  has  been  found  that  the  ligaturing-  of  the 
femoral  vein  did  not  sufficiently  interfere  with  the  circulation  to  produce 
transudation  and  accumulation  of  serum  in  the  cellular  tissue.  As  soon, 
however,  as  the  nerves  that  supplied  the  vessels  were  divided  the  blood 
flow  was  interfered  with  to  such  an  extent  that  oedema  resulted.  This 
seems  to  indicate  that  the  vaso-motor  nerves  and  centers  play  an  im- 
portant part  in  connection  with  the  production  of  oedema.  This  indicates 
that  the  sympathetic  system  has  an  important  bearing-  upon  the  pre- 
servation of  the  normal  condition  in  the  prevention  of  oedema. 

It  is  found  that  injuries  to  some  of  the  nerve  centers,  for  example, 
lesions  in  the  optic  thalamus  and  the  crura  cerebri  produce  extravasation 
of  blood  in  connection  with  the  mucous  membrane  of  the  stomach.  In- 
juries in  the  thoracic  reg-ion  of  thfe  spinal  cord  may  be  associated  with 
hemorahag-e  in  the  suprarenal  capsule;  injuries  to  the  pons  may  be 
followed  by  hemorrhag-e  in  connection  with  the  lung-s,  the  liver,  the  kid- 
neys and  even  the  heart  on  the  opposite  side  of  the  body  to  that  of  the 
lesion.  Hemorrhag-e  in  connection  with  the  mucous  lining-  of  the  stomach 
has  been  produced  by  prolonged  stimulation  of  the  sciatic  nerve,  injuries 
to  the  auditory  labyrinth  or  to  the  corpora  quadrigemina.  These  arc 
supposed  to  be  produced  by  a constriction  of  the  veins  producing-  capil- 
lai  y rupture  behind  the  constriction.  In  some  cases  the  hemorrhage  is 
produced  by  vaso-motor  paralysis  producing  first  a congested  condition 
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and  finally  a ruptured  condition  of  the  vessels.  In  connection  

hunonh.ijfe  fioin  the  nose  and  in  connection  with  the  uterus  found  ",me- 
times  meases  oHyphoid  fever  the  hemorrhage  is  produced  "v  some 

fvZ^  te  Tnm0itor  system,  although  some  claim  that  it  is  produced 
l\  the  abnoi  nidi  blood  condition  or  by  some  lesion  in  the  vessel  walls 
As  we  have  seen  already  in  the  case  of  bloody  sweat  this  abnormal  con- 
dition may  take  place  with  an  interference  on  the  part  of  the  vaso-motor 
mechanism  particularly  in  hysterical  cases  where  the  vessels  of  the  sweat 
glands  are  interfered  with.  This  arises  from  a paralytic  condition  of  the 
vaso-motoi  centers  that  regulate  vaso-tonicitv.  Irregular  menstrilai  ron_ 
djtions  may  produce  a vomiting  of  blood,  intestinal  hemorrhao-e 
bieeding  Wood  in  the  urine,  etc.  All  these  conditions  depend  upon  tilt, 
tact  that  there  is  a suppression  of  the  menstrual  flow  oroducintr  a rhu n‘r<. 
in  the  vaso-motor  centers  or  nerves.  This  change  produces  reflexlv  the 
hemorrhage  and  accompanyrng  ltTi'eadache,  giddiness  and  tingling  sounds 
in  the  ear  or  head.  & 

^ j6  ®ymPa^.etic  system  we  find  certain  peculiarities  of  arrancre- 
ment  and  distribution.  There  is  a double  cord  extending  over  the  bodv 
in  front  with  a large  number  of  scattered  ganglia,  joined  together  bv  deli- 
cate fibres  whose  branches  are  distributed  to  the  different  organs  of  the 
body.  In  the  sympathetic  system  we  find  some  nerves  that  are  raedul- 
lated,  although  the  majority  are  unmedullated.  The  chief  characteris- 
tic of  the  sympathetic  nerve  fibres  is  their  smallness  and  also  the  small- 
ness of  the  cells,  the  sympathetic  cells  never  being  so  large  as  those  found 
in  the  central  system.  The  cells  are  also  characterized  bv  sending  out 
elongated  branches  which  form  the  origin  of  new  fibres,  ‘in  connection 
with  all  the  sy  mpath  etic  ganglia  we  find  fibers  from  the  cerebro-spinal  nerves 
whose  fibres  pass  through  the  ganglia  in  order  to  reach  the  peripheral 
sympathetic  branches.  This  is  presumed  to  be  the  case  from  the  fact  that 
these  fibres  do  not  originate  or  end  in  the  ganglion  and  also  from  the  fact 
that  by  dividing  the  cerebro-spinal  nerves  that  communicate  with  the 
ganglia  paralysis  may  be  produced  in  the  case  of  an  organ  that  is  supplied 
by  sympathetic  fibres.  For  example,  by  dividing  the  oculo-motor  nerve 
that  supplies  the  iris  with  its  motor  fibre  passing  through  the  ophthalmic 
ganglia  the  pupil  of  the  eye  becomes  dilated.  Similarly  the  vagus  furn- 
ishes many  fibres  to  the  cardiac  sympathetics  and  the  cardiac  plexus. 
We  find  in  the  spinal  and  cranial  nerve  roots  ganglia  that  are  very  similar 
to  those  of  the  sympathetic  system.  According  to  this  all  the  body 
organs  receive  nerve  supply  from  both  the  cerebro-spinal  and  the  sympa- 
thetic system,  the  only  difference  being  in  the  proportion  in  which  the  one 
kind  of  fibre  is  supplied  to  the  different  organs;  for  example,  the  sympa- 
thetic fibres  have  the  larger  number  in  connection  with  the  circulatory, 
secretory  and  digestive  organs,  whereas,  the  cerebro-spinal  nerves  are 
greater  in  number  in  connection  with  the  organs  of  animal  life.  In  the  sym- 
pathetic system  we  find  a chain  of  ganglia  on  either  side  of  the  spinal  cord 
each  ganglion  being  united  through  sensory  and  motor  fibres  with  the 
cerebro-spinal  system.  The  nerve  fibres  are  given  off  to  the  glands  and 
mucous  membrane  and  to  the  involuntary  muscles.  The  ganglia  of  the 
sympathetic  system  are  located  in  the  head,  neck,  thorax  and  abdomen 
and  in  connection  with  each  of  those  areas  we  find  nerves  distributed  to 
the  special  organs.  The  first  ganglion  that  is  located  in  the  head  area  is 
the  ophthalmic  ganglion  in  connection  with  the  eye  on  the  external  aspect 
of  the  optic  nerve.  Delicate  fibres  bring  it  into  communication  with  the 
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carotid  plexus  of  the  sympathetic.  Its  motor  connection  is  established 
with  the  oculo-motor  and  its  sensory  connection  with  the  ophthalmic 
branch  of  the  fifth.  The  fibres  of  distribution  are  distributed  to  the 
eyeball,  pass  through  the  sclerotic  and  end  in  connection  with  the  iris. 
The  second  ganglion  is  the  spheno-palatoid  located  in  the  spheno-maxillary 
fossa.  Communication  is  established  between  it  and  the  carotid  plexus 
its  motor  connection  being-  found  in  the  facial  nerve  and  its  sensory  con- 
nection in  the  superior  maxillary  branch  of  the  fifth.  Fibre  distribution 
takes  place  to  the  levator  palati  and  the  muscles  of  the  uvula,  the  mucous 
membrane  of  the  posterior  portion  of  the  nasal  passag-es  and  to  the  palate. 
The  third  g-anglion  is  the  submaxillary  ganglion  which  is  in  connection 
with  the  submaxillary  gland.  Communication  is  established  with  the 
superior  cervical  ganglion  by  means  of  fibres  which  pass  along  the  exter- 
nal carotid  and  the  facial  arteries.  Its  sensory  fibres  come  from  the  lin- 
gual branch  of  the  fifth  and  its  motor  fibres  thi'ough  the  chorda  tympani 
from  the  facial  nerve.  Fibre  distribution  takes  place  to  the  submaxillary 
gland.  The  fourth  sympathetic  ganglion  is  the  otic  ganglion  which  is 
found  beneath  the  base  of  the  cranium  on  the  internal  side  of  the  inferior 
maxillary  branch  of  the  fifth.  Communication  is  established  by  means 
of  fibres  with  the  carotid  plexus.  Its  motor  connection  is  established 
through  the  small  superficial  petrosal  with  the  facial  and  throug-h  the  in- 
ferior maxillary  branch  of  the  fifth  and  its  sensory  connection  from  the 
tympanic  nerve,  with  the  glosso-pharyngeal.  Fibres  of  distribution  pass 
to  the  internal  muscle  of  the  malleus  to  the  mucous  membrane  of  the 
tympanum,  the  eustachian  tube  and  the  circumflexus  palati.  As  the 
sympathetic  nerve  is  continued  into  the  neck  there  are  found  the  superior 
middle  and  inferior  ganglia  communicating  with  one  another  and  also  with 
the  spinal  nerves  in  the  cervical  region.  The  fibres  pass  along  the  caro- 
tid artery  and  its  branches  forming  the  arterial  plexuses  and  being-  dis- 
tributed to  the  thyroid  body,  the  trachea,  the  larynx,  the  pharynx  and  the 
oesophagus.  In  connection  with  the  cardiac  nerves  fibre  are  also  dis- 
tributed to  the  cardiac  plexus  and  to  the  heart.  In  the  thorax  the  sym- 
pathetic ganglia  communicate  with  the  spinal  nerves  in  a two-fold  way, 
each  of  the  ganglia  receiving  two  fibres  from  the  spinal  nerve  that  is 
above  it.  Distribution  of  fibres  takes  place  from  the  ganglia  to  the 
plexuses  in  connection  with  the  lungs,  the  oesophagus  and  the  thoracic 
aorta.  In  connection  with  the  abdominal  region  we  find  the  sympathetic 
system  appearing  in  connection  with  the  coeliac  artery  as  the  semilunar 
or  coeliac  ganglion.  In  connection  with  this  ganglionic  center  distribu- 
ting branches  are  sent  out  in  connection  with  the  solar  plexus,  the  secon- 
dary  plexuses  being  found  in  connection  with  the  abdominal  aorta  and  its 
branches,  fibre  distribution  taking  place  to  the  stomach,  the  liver,  the 
intestines,  the  spleen,  the  pancreas,  the  kidneys,  the  suprarenal  bodies 
and  the  organs  of  generation.  In  the  pelvic  region  we  find  several  pairs  of 
ganglia  in  connection  with  the  sacrum  both  anteriorly  and  posteriorly, 
the  impar  ganglion  representing  the  small  ganglion  on  the  coccyx  which 
is  supposed  to  represent  the  union  of  two  symmetrical  ganglia.  In  con- 
nection with  the  sympathetic  ganglia  we  find  that  both  the  ganglia  and 
the  nerves  are  sensory  and  motor,  although  these  sensory  and  motor 
functions  are  not  so  active  as  we  find  them  in  the  central  system.  In  con- 
nection with  the  sympathetic  nerves  sensory  action  is  more  difficult  to 
excite  and  is  less  characteristic.  In  the  case  of  motor  activity  we  find  the 
same  characteristic.  The  sympathetic  system  in  connection  with  the 
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head  has  an  important  relation  to  the  eye,  in  connection  with  pupil 
movement8.  1 he  reflex  takes  place  along-  the  oculo-motor  nerve  into  the 
ophthalmtc  ganglion  and  then  along-  the  ciliary  fibres  to  the  muscle  fibres 
ot  the  ins.  Iris  movement  is  characteristically  slow  and  it  does  not  take 
P a^  im mediately  but  requires  considerable  time  in  order  that  action  mav 
1 esult.  By  dividing-  the  sympathetic  nerve  in  the  neck  or  bv  removing  the 
superior  cervical  g-ang-hon  the  pupil  of  the  eye  on  the  same  side  is  con- 
tracted. As  soon  asthis  paralysis  takes  place  the  straig-ht  muscles  of  the  eve 
having-  lost  antagonistic  action  it  causes  a permanent  pulling-  backward  of 
the  eyeball  and  therefore  the  eyelids  become  partially  closed,  both  of  these 
results  being-  due  to  the  absence  of  sympathetic  action.  It  would  seem 
from  this  that  the  muscles  of  the  eye  are  subject  to  the  control  both  of  the 
centi  al  and  sympathetic  systems,  the  fibres  producing-  dilatation  on  pass- 
ing thiough  the  ophthalmic  g-ang-lion  from  the  central  ganglia  of  the  svm- 
pathetics  and  the  fibres  producing  contraction  through  the  ganglion  from 
the  oculo-motor  nerve. 

The  chief  function  of  the  sympathetic  system  is  in  connection  with 
vaso-motion  and  its  effect  upon  the  general  circulation  of  the  body  and  the 
local -on  culation  of  the  parts  of  the  body.  The  sympathetic  fibres  and 
plexuses  are  found  to  ramify  in  connection  with  the  arteries  and  their 
bianches  and  fibre  distribution  finds  its  terminal  in  connection  with  the 
muscular  coating  of  the  blood  vessels.  In  connection  with  the  ramifving 
fibres  there  is  a contraction  of  the  muscular  coating  and  a consequent 
diminution  of  the  calibre  of  the  vessel.  The  nerves  which  produce  this 
conti  action  are  called  vaso-motor  and  the  centers  vaso-motor  centers. 
When  contraction  takes  place  and  the  calibre  is  lessened  there  is  a smaller 
amount  of  blood  allowed  to  pass  through  the  vessel  resulting  in  local  an- 
aemia. By  taking  a white  rabbit  and  holding  its  ear  against  the  light  the 
blood  vessels  will  be  found  to  alter  periodically.  The  central  artery  pass- 
ing from  the  root  of  the  ear  to  the  point  becomes  branched  in  connection 
with  the  capillary  plexus  and  as  the  vessels  pass  out  of  this  plexus  they 
are  united  into  two  veins  which  pass  along  the  margins  of  the  ear  towards 
the  root.  The  central  artery  and  its  branches  as  well  as  these  two  veins 
can  be  easily  seen.  The  central  artery  becomes  smaller,  its  bran- 
ches seeming  almost  to  disappear  while  the  veins  receiving  a smaller 
amount  of  blood  also  seem  to  disappear.  After  a time  the  artery  again 
becomes  larger  as  the  blood  passes  into  it  from  beneath  passing  through 
the  ramifying  branches.  The  artery  remains  in  this  condition  for  some 
time  and  then  contraction  takes  place  again.  These  variations  have  been 
found  to  take  place  with  more  or  less  constant  frequency,  indicating  that 
there  is  a certain  degree  of  regularity  in  the  vascular  changes.  If  the 
sympathetic  nerve  is  divided  in  the  neck  there  is  a congested  condition  in 
the  parts  ot  the  head  on  the  same  side,  this  effect  being  particularly 
noticeable  in  the  ear  of  the  white  rabbit.  A very  short  time  after  the  di- 
vision of  the  nerve  both  the  arteries  and  veins  become  distinctly  gorged 
with  blood  and  there  is  no  longer  the  periodic  rhythmic  variation.  As- 
sociated with  this  we  find  an  increase  in  the  temperature  of  the  ear  and 
also  that  the  blood  becomes  less  venous  an  account  of  its  rapid  passage 
through  the  capillaries;  there  is  also  an  increased  sensitivenesss  in  the  ear 
The  same  results  are  found  to  be  associated  with  the  head  and  face  on  the 
same  side  as  that  of  the  division.  This  condition  is  intensified  by  the 
removal  of  the  superior  sympathetic  cervical  ganglion  and  undoubtedly  it 
is  due  to  paralysis  in  connection  with  the  muscular  coating  of  the  arteries 
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supplied  by  the  sympathetic  fibres.  If  the  upper  end  of  the  divided 
nerve  is  stimulated  there  is  a diminution  in  the  size  of  the  arteries  and 
veins  and  very  soon  an  entire  disappearance  of  the  congestion.  This 
indicates  that  the  sympathetic  fibres  have  a decided  action  in  connection 
with  the  muscular  coating-  of  the  arteries,  producing-  a contraction  of  the 
blood  vessels  resulting-  in  the  control  of  the  blood  flow  through  the  arteries, 
in  other  words  they  exercise  a .vaso-constrictor  influence.  When  the 
nerves  are  divided  this  constrictor  influence  is  cut  off.  As  we  have  seen 
the  vaso-motors  in  the  head  region  come  from  beneath  passing  upward  in 
the  cervical  sympathetic  through  the  superior  cervical  ganglion  which 
represents  a center  of  distribution.  Its  removal  cuts  off  the  tonic  con- 
striction exercised  over  the  blood  vessels  of  the  head  and  face.  At  the 
same  time  it  receives  part  of  its  influence  below  the  ganglion  because  if 
the  sympathetic  is  divided  below  the  ganglion  there  is  still  a congested 
condition.  Theultimate  originofthe  sympathetic  vaso-motors  is  tobe  traced 
to  the  cerebro-spinal  nerves  in  connection  with  the  cord.  The  sympa- 
thetic  ganglia  in  addition  to  their  connection  with  one  another  are  united 
with  the  spinal  nerves  by  the  rami  communicantes  and  in  some  cases  the 
fibres  of  these  rami  can  be  traced  along  the  spinal  nerve  to  the  cord.  It 
was  found  by  Waller  that  the  spinal  cord  from  the  first  cervical  to  the  sixth 
dorsal  vertebrae  there  was  a region  which  on  being  electrically  stimulated 
resulted  in  the  dilatation  of  the  pupil  of  the  eye;  whereas  if  the  sympa- 
thetic had  been  previously  divided  in  the  neck  the  stimulation  of  the 
region  did  not  produce  pupil  dilatation.  In  this  case  the  stimulation  must 
have  "passed  thaough  the  spinal  nerve  and  along  their  branches  to  the 
ganglia  in  the  neck  and  thence  along  the  cervical  sympathetic  to  the  head. 
It'll  as  been  found  more  recently  that  when  stimulation  is  applied  to  the 
spiral  cord  between  the  second  and  third  dorsal  vertebrae  the  greatest 
eject  is  produced  in  pupil  dilatation.  Bernard  found  in  the  case  of  the 
dog  that  the  vaso-motor  nerves  supplying  the  head  pass  from  the  spinal 
cord.  By  dividing  the  first  two  dorsal  nerves  inside  the  spinal  canal  he 
found  that  the  same  effect  was  produced  as  that  which  followed  the  di- 
vision of  the  sympathetic  in  the  neck  except  that  there  was  no  increase  of 
temperature  and  no  congestion.  By-stimulating  the  peripheral  ends  of 
the  divided  nerves  there  is  found  to  be  pupil  dilatation.  By  dividing  the 
sympathetic  high  up  in  the  thorax  between  the  second  and  third  ribs  no 
contraction  of  the  pupil  takes  place.  Thus  it  is  found  that  there  is  a 
difference  between  the  sensory  and  motor  fibres  and  those  which  supply 
the  blood  vessels.  The  sensory  and  motor  fibres  for  the  head  pass  out 
from  the  base  of  the  brain  through  the  cranial  formina  to  the  skin  and 
muscles,  those  for  the  blood  vessels  passing  from  the  spinal  cord  in  con- 
nection with  the  third  thoracic,  thereafter  joining  the  sympathetic  and 
thence  passing  to  the  head.  There  is  also  found  to  be  a difference  in  the 
sensory  and  voluntary  motor  fibres  and  vaso-motor  fibres  in  connection 
with  the  arm  and  legs.  In  connection  with  the  arm  the  vaso-motor  fibres 
oi  iginate  in  the  dorsal  region  of  the  cord.  Bernard  by  the  division ‘of  the 
last  three  cervical  and  the  first  two  dorsal  nerves  found  paralysis  of 
motion  and  sensation  in  the  front  limb  on  the  same  side  in  the  dog  with- 
out any  congestion.  By  the  removal  of  the  first  sympathetic  thoracic 
ganglion  or  by  the  division  of  the  nerves  from  the  brachial  plexus  after 
theii  junction  with  the  fibres  from  the  first  thoracic  ganglion  that  there 
was  an  increase  of  temperature  in  the  limb  on  the  same  side.  He  found 
the  same  result  by  dividing  the  thoracic  part  of  the  sympathetic  between 
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the  third  and  fourth  dorsal.  According-  to  Bernard  the  vaso-motor  fibres 
bcilc:Uh  thc  first  thoracic  ganglion  and  according-  to  Cyon  from 
the  third  to  the  seventh  dorsal  nerves.  According- to  Bernard  ‘the  vaso- 
motoi  fibres  for  the  lower  limb  have  an  origin  of  a similar  nature.  The 
division  ot  the  spinal  nerves  before  they  pass  to  the  lumbo-sacral  plexus 
. pi oduces  paralysis  of  the  lower  limb.  By  the  division  of  the  symoathetic 
between  the  -fifth  and  sixth  lumbar  vertebrae  there  is  an  ?n?r^  of 
tempeiature  m the  lower  limbs,  indicating  that  the'  vaso-motor  fibres  are 
listinct  fiom  the  fibres  of  sensibility  and  motion.  In  connection  with  the 
sympathetic  fibres  as  they  are  fffiirid  distributed" in  the  arterial  walls  the 
arteries  are  maintained  in  a normal  condition  of  tonic  contraction.  In 
t ns  way  the  circulation  of  the  blood  meets  with  a tonic  resistance  on  the 
part  ot  the  arteries,  this  tonic  contraction  depending  upon  the  nervous 
impulses.  This  tome  resistance  depends  upon  the  action  of  the  sym- 
pathetic nerves.  In  addition  to  these  fibres  which  maintain  tonicit  vinTbe 
arterial  wall  there  are  also  fibres  which  produce  dilatation,  these  dilator 
hbres  originating  particularly  from  the  cerebro-syinal  nerves  In  con- 
tbe  vagus  its  stimulation  by  means  of  galvanization  produces 
the  dfiatatuin  of  the  heart  and  its  engorgement  with  blood.  The  same 
eltect  is  found  in  connection  with  the  submaxillary  gland  and  the  tongue. 
Ln_thysj\yay  there  is_a  dilator  action  in  connection  with  the  dilator  nerve, 
the  action  of  which  is  as  yet  only  very  indistinctly  understood.  It  isTsup- 
pOSgaZEuat. there  passes  from  the  nerve  centers  an  inhibitory  influence 
winch  suspends  or  inhibits  the  tonic  contraction  produced  by  the  svmpa- 
tnelic  fibi  es  lesulting  in  the  dilatation  of  the  blood  vessels  under  the  pres- 
the  blood.  When  this  inhi  bitorv  influence  is  cut  off  the  sympa- 
thetic system  renews  .the  tonicity  of  the  blood  vessels.  In.  connection 
m ith  the  living  body  vascular  contraction  and  dilatation  are  produced  re- 
flexly,  as  for  example  vascular  contraction  resulting  from  the  irritation  of 
the. central  end  of  a sensory  nerve.  For  example,  by  stimulating  the  cen- 
tral end  of  the  sciatic  nerve  there  is  a contraction  of 'the  blood  vessels  in 
other  portions  of  the  body.  This  action  passes  along  the  sciatic  nerve  to 
the  spinal  cord  and  is  transmitted  to  other  parts  of  the  body,  for  example. 
to  the' tongue  along  the  sympathetic  fibres.  This  reflex  action  must  take 
place  in  connection  with  some  nerve  center  in  which  an  afferent  is  trans- 
formed into  an  efferent  impulse.  The  ganglia  of  the  sympathetic  system 
are  capable  of  performing  this  function,  as  for  example,  when  the  sympa- 
thetic nerve  is  divided  in  the  neck  there  is  vascular  paralysis  of  the  head, 
whereas  if  the  superior  cervical  ganglion  is  destroyed  the  paralysTsbe- 
comes  more  characteristic.  Vulpian  claims  that  by  destroying  the  brain 
and  the  upper  half  of  the  spinal  cord  in  the  frog  the  destruction  of 
the  cervical  sympathetic  ganglion  results  in  a congested  condition  of  the 
tongue  on  the  same  side.  This  seento  to  indicate  that  the  sympathetic 
ganglia  have  an  independent  influence  in  connection  with  thc  origination 
of  nerve  impulses  associated  with  vasculationr.  The  independent  action 
of  tho  ganglia  is  limited  however  to  those  portions  of  the  vascular  system 
to  which  direct  distribution  takes  place.  We  have  seen  that  sympathetic 
roots  pass  out  from  the  spinal  cord  at  certain  points  It  would  seem 
that  these  roots  originate  in  thc  gray  matter  above  the  point  of  origin 
and  pass  along  the  cord  for  some  distance  before  passing  out  of  the 
cord.  In  line  with  this  it  is  found  that  by  dividing  the  cord  trans- 
versely in  the  cervical  region  there  is  produced  a marked  vascular 
change  throughout  the  entire  body.  This  seems  to  indicate  that  11k re  is  a 
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common  point  of  origin  in  connection  with  all  the  vaso-motoi  fibi  cs 
either  in  the"  medulla  or**' higher  up.  According  to  other  physiologists, 
while  this  represents  the  main  center  the  other  vaso-motor  centers  are 
distributed  throughout  the  spinal  cord.  Both  classes  of  physiologists 
are_agr££d  in  this  that  the  chief  centers  of  reflex  action  in  connection 
with  vasculation  are  found  within  the  cerebro-spinal  system  from  which 
the'cfistribution  of  the  nerve  fibres  takes  place.  The  chief  vaso-motor 
centers  are  found  in  the  medulla,  the  subordinate  centers  being  found 
in  the  spinal  cord,  at  least  the  upper  part  of  the  lumbar  region.  All 
the  vaso-motor  fibres  are  supposed  to  originate  in  the  medulla  and  in 
the  spinal  cord.  The  vasomotor  fibres  pass  along  the  lateral  columns 
of  the  cord  and  away  from  the  cord  in  the  anterior  roots  of  the  spinal 
nerves  at  least  as  far  down  as  the  second  lumbar.  The  most  import- 
ant physiological  functions  of  the  vaso-motor  nerves  are  reflex  in  their 
character,  in  connection  with  afferent  and  efferent  nerve  fibres.  Brown- 
Sequard  found  that  by  punching  the  skin  on  one  side  there  was  a les- 
cningof  the  temperature  in  the  corresponding  member  on  the  opposite 
side.  This  indicates  that  the  effect  was  produced  by  reflex  action. 

We  find  certain  nerve  cells  which  in  combination  preside  over  the 
nutrition  of  nerve  fibres?  Pathological  observations  seem  to  indicate 
that  progressive  muscular  atrophy  is  associated  with  certain  lesions 
found  in  the  cells  in  the  spinal  cord.  By  the  division  of  the  sympathetic 
nerve  there  is  found  to  be  an  excessive  increase  of  the  nutritive  process 
in  particular  parts  and  sometimes  inflammation.  There  may  be  found 
progressive  muscular  atrophy  without  any  paralysis  except  in  connection 
with  the  enfeebling  of  the  muscles  due  to  the  partial  destruction  of  the 
muscle  contractility.-  Constantly  accompanying  these  changes  in  the 
muscular  tissue  there  is  found  to  be*  the  destruction  or  degeneration 
of  certain  cells  in  the  antero-lateral  columns  of  the  cord  and  at  the 
same  time  an  atrophic  condition  of  the  corresponding  anterior  roots. 
This  seems  to  indicate  that  thereare  certain  cells  in  the  spinal  cord  different 
the  ordinary  sensory  an  cl  motor1  cells  which"  may  be  characterized  as 
at  rophic  cells.  Against  this  it  is  claimed  that  the  cells' in  "the  antero- 
lateral columns  are  associated  with  motion,_the  impulses  originating  in 
these  cells  passing  to  the  muscles  along  the  anterior  roots.  It  is  certain- 
ly known  that  if  a muscle  is  cut  off  from  motor  influence  for  a length  of 
time  the  motor  fibres  become  atrophied  and  the  muscles  lose  their  con- 
tractility. If  there  is  a destruction  or  degeneration  of  some  of  these  mo- 
tor cells  in  the  spinal  cord  this  condition  ot  muscular  atrophy  may  be  due 
to  such  a jesion.  It  is  certain  that  the  degeneration  of  these  motor  cells 
in  close  connection  with  the  anterior  roots  would  give  rise  to  degenera- 
tion of  the  anterior  roots..  From  this  it  is  assumed  that  there  is  no  neces- 
sity for  the  existence  of  special  trophic  cells.  If  some  of  the  motor  cells 
a^e  diseased. and  if*the  degeneration  process  is  going  on  gradually  there 
would  be  progressive  paralysis  in  the  mil  spies.  On  this  basis  progressive 
mllscUtar  atrophy  is  explained  without  recourse  to  special  trophic  centers. 
This  does  riot  finally  settle  the  question  of  the  existence  of  such  trophic 
centers  or  nerves,  especially  as  it  is  found  that  there  exist  certain  tissue 
variations  in  the  case  of  progressive  muscular  atrophy  which  arc  difficult 
to  explain  without  assuming  the  existence  of  special  centers  and  nerves. 

fi  he  question  of  whether  the  sympathetic  system  is  in  a sense  inde- 
pendent of  the  cerebro-spinal  system  or  whether  it  is  dependent  upon  the 
cerebro-spinal  system  is  one  that  remains  as  vet  unsettled.  According  to 
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jailer  the  sympathetic  nerves  are  subject  to  spinal  control.  He  cites 
four  reasons  for  this  opinion;  (1)  the  fact  that  the  motor  fibres  in  connec- 
tion with  the  ins  originate  in  the  cercbro-spinal  system;  (2,  the  fact  that 
the  vaso-motor  fibres  also  originate  in  the  cerebro-spinal  system;  (3)  the 
tact  that  the  medullated  fibres  which  are  considered  vaso-motor  can  be 
traced  from  the  spinal  cord  to  the  sympathetic  system;  and  (4)  that  no 
i cnex  functions  have  as  yet  been  associated  directly  with  the  sympathetic 
system.  There  remains,  however  the  evidence  that  we  pointed  out  before 
of  a^ertam  independent  action  on  the  part  of  the  sympathetic. system 
\\ Inch  seems  to  indicate  that  while  normally  the  sympathetic  system  is 
under  cerebro-spinal  control,  it  is  capable  in  a certain  decree  of  independ- 
ent action,*  ■■■■■  B| 

CHAPTER  XII.  THE  SPECIAL  SENSES. 
SECTION  I.  Introduction. 

Xhe  senses  represent  an  external  organ  upon  which  an  impression  is 
made;  this  impression  when  conveyed  to  the  sensorium  becomes  the 
of  a psychic  preemption.  . Preception  and  the  reproduction  mentally  . ff 
an  image  of  the  impression  represent  the  psychic  side  of  the  special 
senses  and  these  will  be  discussed  is  connection  with  psychology.  Sen- 
sory impressions  have  been  usually  divided  into  fiyg  classes;  II)  visual, 
(2)  auditory,  (3)  affac.toyy,  (4)  gustatory,  (5)  tactile  and  muscular  impres- 
.sions,_  To  these  we  must  add  locomotive  impressions  to  be  discussed  in 
connection  with-animai_.nincJiaja3ics,  In  all  these  senses  there  are  throo 
(1)  external  .stimulation  in  connection  with  some.. special  organ 
that  has  connection  with  the  nerve  of  special  sense;  (2)  this  impression 
must  be  transmitted  along  a nerve  as  an  impulse;  and  (3)  theTni pulse  is* 
received  in  a center  or  centers  resulting  in  the  consciousness  of  an  im- 
pression or  a sensation  which  from  the  psychic  side  forms  one  element  in 
the  _r exir.esrnila.tlQXL of  sense  necessary  to  psychic  ^reception.  This  im- 
plies the  existence  of  sense  organs,  nerve  paths  of  sensory  impulses  and 
a center.  Hence  the  necessary  conditions  are  a terminal  mechanism,  a 
conducting  medium  or  nerve  and  a center  or  ganglion  or  brain  for  tile 
j-eception_.of  impressions.  The  impulse.. is  passed  from  the  organ  to  the 
center  along  the  nerves  of  special  sensation,  these  nerves  being  special- 
ized in  function  in  connection  with  the  action  of  the  mind,  as  the  mind  in- 
terprets the  sensations.  According  to  this  the  stimulation  of  the  nerves 
of  special  sense  produces  sensations  of  a particular  kind  and  this  forms 
the  basis  of  the  principle  of  specific  energy,  in  the  case  of  the  sensory 
nerves.  For  example,  the  stimulation  of  the  optic  nerve  may  take  place 
in  different  ways,  by  different  stimulants  but  so  soon  as  the  impression 
arrives  at  the  hrain  it  produces  a light  sensation  or  a color  sensation. 
This  does  not  imply  that  each  special  nerve  fibre  Is  different  in  structure 
but"  that  the  action  of  the  excitant  in  connection  with  the  center  produces 
the  special  result.  There  is  also  a difference  based  upon  the  terminal 
organ,  the  terminal  organ  being  so  differentiated  as  to.  be  capable_of  re- 
ceiving only  certain  kinds  of  impressions,  so  that  eaph  terminal  organ  is 
a&eciallv  adapted  to  receive  special  stimjili.  The  sensory  impression  does 
not  pass  directly  to  the  psychic  centers.  The  impression  is  received  in 
the  localized  reception  center,  this  center  having  the  power  of  transmit- 
ting  or  not  transmitting  those  impressions  to  the  center  of  p reception. 
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In  connection  with  sig-ht  we  find  the  best  example  of  this,  where  we  find 
the  corpora  quadrigemina  Ivina-  between  the  psychic. centers  and  the  optic 
regioTTaM  tracts.  . in  these  optic  tracts  impressions  are  recevied  and 
when  coordinated  in  the  corpora  quadrigemina  they  may  be  transmitted 
to  the  higher  centers.  These  corpora  quadrigemina  are  supposed  to 
have  the  .power  of  storing  up  impressions  and  also  the  power  of  blending 
together  a number  of  impulses  so  that  these  impulses  may  be  sent  up  to 
t ho  higher  centers,  without  -direct  external  .stimjaUtion  ox  without 
corresponding  tn  the  singld  impressions.  In  this  way  impressions  may 
continue  latent  for  a considerable  time  and  afterwards  may  be  aroused  in 
the  receptive  and  coordinating  centers  and  then  sent  up  to  the  perceptive 
center.  These  intermediate  centers  no  doubt  perform  the  function  of 
uniting-  the  sense  organs  with  the  higher  centers  and  also  with  the  center's 
of  motivity.  There  is  time  necessary  for  the  transmission  of  such  im- 
pressions after  their  reception.  The  excitation  stimulates  the  cutaneous 
or  peripheral  structures.  The  impulse  travels  along  the  sensory  nerves, 
is  communicated  to  the  brain  and  there  distributed,  resulting  in  sensation 
followed  by  perception.  tpjs  volition  called  into  play  with  the 

result  that  an  impulse  starting  in  the  brain  passes  along  the  motor 
fibres  to  the  muscles  of  movement  or  locomotion.  The  time  occupied  in 
this  transmission  includes  both  the  physical  and  the  psychical  processes. 
'i  here  is  a difference  among  the  sense  organs  as  to  the  number  of  stimul- 
ations they  can  receive  in  a second,  each  separate  stimulus  producing  a 
sensation.  Tkewteriod  that  elapses  between  the  stimulation  of  the  sense 
organ  and  the  resulting  motion  is  callecl  'the  reaction  time.  When  there 
is  involved  in  this  a discriminating  of  objects  perceived  there  is  an  addition- 
al time  required;  the  time  required  for  the  discrimination  of  a color  or  for 
localizing  the  spatial  field  is  called  the  perception  time.  When  there  is 
stimulation  of  the  sense  organs  this  simulation  is  produced  by  some 
form  of  movement,  light  being  the  vibration  of  ether,  sound  the  vibration 
ci-gir  and  touch  rern-csenting  ctianges  of  pressure  due  to  varying  oscilla- 
-t-ior.s  Thus  the  action  of  the  normal  stimulation  depends  upon  the 
character  of  the  wave  movement,  its  length,  its  amplitude  and  its  form. 
In  connection  with  these  wave  movements  the  wave  length  determines  the 
number  of  waves  in  a given  time,  the  amplitude  determines  the  intensity 
of  the  impression  and  the  wave  form  the  quality  of  the  sensation.  Web- 
er has  formulated  a law  bearing  upon  the  intensity  of  the  stimulus,  if  the 
strength  of  the  stimilus  increases  in  geometrical  proportion  the  staength 
of  the  sensation*  -increases  in'  arithmetical  progression.  This 
means  that  the  intensity  of  the  sj£jisation  depends,  op  two  things,  (1)  t 1] y 
intensity  of  the  pfipajdaflnn.  and  (2)  the  degree  of  irritability  in  the  ter- 
minal organ  affected  at  the  time  of  the  stimulation.  The  intensity  of 
a sensation  is  found  not  to  increase  in  proportion  to  the  intensity  of 
the  stimulation.  The  stimulus  may  be  a maximum  or  a minimum  or  a 
constant  ratio  between  the  intensity  of  the  stimulus  and  the  intensity 
of  the  sensation.  By  altering  the  stimulus  and  observing  the  variation 


....  S>  — - .*■*". 

in  the  sensation  it  is  found  that  there  is  no  constant  ratio  between 
these.  Diffe  rent  sense 


no 

impressions  vary  and  the  different  sensations 
produced  In  connection  with  them  also  vary  in  quality,  this  difference  de- 
gending.  largely  on  the  variations  in  the  vibrations  of" the  air;  for  ex- 
ample, the  lowest  musical  note  is  produced  by  fifteen  vibrations  per  sec- 
ond, while  the  sensation  of  the  red  color  in  connection  with  the 
hum  represents  a vibration  of  450  billions  per  second.  These 
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and  the 

the  mind  will  be  discuSSOn  psJcYoi^ 

we  find  two  divisions,  (1)  those  resulting  from  delicate  movements  of  vi- 
olation on  the  basis  of  molecular  action  or  chemical  variation,  as  in  vision 

If  mo-lnO  f VU]  (2^iose_ resulting  from  changes  in  connection  with' 

1 mCLfhamcal  elements  of  contact  or  pressure  in  relation  to  the  external 
oigan  ot  sense,  such  as  we  hnd  in  audition  and.  the  tactile  and  muscuiar 
sensations.  , I here  are  some  general  sensations  such  as  those  of  feeling 
j am,  hungei  etc.  but  these  may  be  taken  to  refer  to  conditions  that  are 
found  associated  with  the  body  in  itself  rather  than  with  the  body  in  its 
l e ation  to  the  external  world.  Thejunction  of  the  sense  organs  mav  be 
said  to  be  that  of  communicating  to  the  sensorium  impressions  mad.?'  tm- 
on  these  organs  by  external  objects  so  that  they  represent  media  «,!' 
sensory  ppi  ceptioos.  In  addition  to  the  existence  of  an  end  organ,  the 
presence  of  a stimulus  specitic  in  Its  nature,  tne  connection  of  fife's cn-w 
oigan  with  the  cerebrum  there  must  be  psychic  attention  durim>  The 
process  of  stimulation  in  order  that  the  sensation  may  be  referred  to^ome 
external  cause.  In  connection  with  the  stimuli  which  are  brought  to  bear 
upon  the  sense  organ  these  must  be  adequate,  in  other  words,  adapted  to 
the  organ  in  connection  with  which  stimulation  takes  place.  Many  other 
stimuli  are  found  which  do  not  produce  the  normal  sensory  perception 
but  which  act  upon  the  nerve  elements  and  produce  certain  results,  as 
toi  example,  mechanical,  electrical  or  thermal  stimuli  which  when  acting 
on  the  organs  produce  changes.  Stimuli  that  act  upon  sensory  '^-a,.s 
which  are  adequate  must  act  within  the  limits  of  strength  and  hence  there 
^imi*  intensity  of  the  stimulus  both  maximal  and  minimal. 

W hen  a sensation  continues  after  the  stimulus  producing  it  has  been  re- 
moved tnere  is  said  to  be  an  a liter  sensaticui;  when  stimulation  takes  place 
without  the  excitation  of  the.  external  organ  of  sense  by  some  internal 
cause  the  sensation  is  called  snhjprf  i yf  When  the  subjective  sensa- 
tions become  characteristically  cerebral  they  are  called  hallucinations 
In  connection  with  the  special  senses  all  our  knowledge  of  the  external 
world  comes  to  us  and  the  character  of  our  knowledge  of  the  external 
world  depends  upon  the  perfect  and  intact  condition  of  these  senses.  In 
addition  to  the  old  classification  of  the  five  senses  there  are  at  least  two 
other  senses  which  require  to  be  taken  account  of,  those  of  temnera- 
tlUie  Apd  pressure;  according  to  others  there  are  purely  muscular  se  n AM 1 1 
and  sensations’  associated  with  localization  and  locomotion.  In  the  end 
organs  of  the  special  senses  we  find  modified  epiblastic  cells,  the  modifi- 
cation taking  place  in  the  development  of  the  body  organism  and  the  spec- 
ial oi  gans  in  relation  to  the  body.  The  different  senses  occupy  areas  that 
vary  considerably,  the  visual  area  being  about  20  sq.  cm.,  the  auditory 
area  about  5 sq.cm.,  the  olfactory  area  about  10  sq.  cm.,  and  the  gustatory 
area  about  50  sq.  cm.,  while  the'tactilc  and  pressure  sensations  are  asso- 
ciated with  arfarea  extending  over  the  larger  part  of  the  body  surface. 
Kven  in  the  special  senses,  however,  there  is  notan  absolute  limitation  to 
a small  area,  as  for  example  in  the  sense  of  taste  which  is  distributed  over 
the  tongue  and  palate  and  the  sense  of  smell  over  the  mucous  membrane 
of  the  nasal  passages.  There  is,  however,  a distinct  locaiizaJLiuu  of  jlhc  sc..- 
sory  area  in  connection  with  vision  and  audition.  """ 
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SECTION  ii.  The  Sense  of  Vision. 

The  eye  as  the  organ  of  vision  represents  a spherical  organ  consist- 
ing of  transparent  portions  one  situated  behind  the  other  encased  in  mem- 
branous structures.  The  transparent  portions  consist  of  the__  aqueous 
h nmart  the  chysta.lij3.e_  lens  and  the  vitreous  humor  or  semi-flu m sub- 
stance  which  is  encased  within  the  hyaloid  membrane.  In  the  lens  we 
find  a number  of  layers  oonsisting  of  fibres,  the  density  of  which  in- 
creases from  the  margin  to  the  center.  Surrounding  these  three  trans- 
parent portions  are  three  membranous  layers,  the  external  layer  consist- 
ing of  an  anterior  cornea  and  a posterior  sclerotic;  the  choroid  membrane 
consisting  of  the  choroid  proper  which  covers  the  interior  portion  of  the 
sclerotic  and  the  interior  portion  of  which  constitutes  the  iris  and  the 
ciliary  processes;  in  addition  to  these  we  have  the  retina  which  covers  the 
posterior  portion  of  the  eyeball  between  the  vitreous  humor  and  the 
choroid.  The  retina  represents  the  part  of  the  eye  that  is  particularly 
sensitive  to  the  light.  In  order  however  that  a ray  of  light  may  reach  the 
retina  it  must  pass  fromThe  anterior  to  the  posterior  through  a number 
of  transparent  structures,  the  cornea,  the  aqueous  humor,  the  crystaline 
lens  and  the  vitreous  humor.  The  external  coating  consists  of  the 
anterior  cornea  and  the  posterior  sclerotic,  the  sclerotic  being  formed  by 
bundles  of  connective  tissue  mixed  with  elastic  fibres  and  forming-  a net- 
work. The  choroid  is  found  in  two  layers,  a superficial  which  contains 
the  arterial  and  venous  ramifications  found  imbedded  in  a substance  of 
elastic  fibres  and  pigment  corpuscles  together  with  connective  tissue 
fibres  and  smooth  muscle  fibres;  the  deeper  layer  consists  of  a mesh  work 
of  capillaries  in  the  midst  of  which  we  find  no  characteristic  element. 
Between  these  two  strata  we  find  a delicate  layer  of  elastic  fibres 
which  is  called  the  boundry  layer  of  the  ground  substance.  The 
retina  which  represents  the  terminal  organ  of  vision  reaches  from  the 
point  where  the  optic  nerve  enters  to  the  iris  margin.  The  retina 
consists  of  three  parts,  one  in  which  the  optic  nerves  terminate,  the 
sensitive  part  to  light;  a second  part  extending  to  the  ciliary  margin 
of  the  iris;  and  a third  part  which  covers  over  the  posterior  iris  surface 
to  the  edge  of  the  pupil.  Thclayer  of  nerve  fibres  forms  a plexus  in  con- 
nection with  the  axis  cylinders  of  the  nerve  fibres.  The  layer  of 
ganglion  cells  is  found  to  consist  of  multipolar  cells  sending  out 
axis  cylinders  to  the  nerve  fibre  layer  and  a fewprocesses  to  the  inner  re- 
ticular layer  which  consists  of  a delicate  network  of  sustentacular  tis- 
sue. In  the  neuro-muscular  part  of  the  retina  we  find  two  different 
elements,  the  rods  and  cones  which  have  their  nucleus  in  the  internal 
part  of  the  cells,  the  external  part  having  no  nucleus.  This  layer 

is  separated  from  the  internal  parts  of  the  retina  by  a perforating 
membrane;  the  outer  granular  layer  is  found  to  consist  of  cells  which 
ai  c associated  with  the  rods  and  cones,  the  difference  being  however 
that  the  nucleus  is  in  the  part  of  the  cell  which  constitutes  the  outer 
gianule.  In  connection  with  the  rods  the  external  part  represents  .'in 
elongated  cylinder,  the  internal  part  or  rod  fibre  consisting  of  a deli- 
cate fibre  with  a protuberance  containing  a nucleus.  In  connection 
with  cones  the  outer  part  of  the  cone  consists  of  an  external  segment 
which  is  conical  and  an  internal  segment  which  is  oval  in  shape.  The 
fibres  of  the  cone  are  broad,  resting  upon  the  external  reticular  layer 
and  containing  an  enlargement  which  has  a nucleus.  There  arc  fewer 
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th  . r,-,  rods;  the  cones  are  found  at  regular  intervals  while  between 
the  two  cones  there  are  always  found  a number  of  rods,  usually  three 
or  f<?“r-  , r?tinal  elements  seem  to  be  all  connected  together,  the 
ganglion  cells  betne  connected  with  the  axis  cylinders  of  the  optic  fibre-i- 
on account  of  the  fact  that  there  are  a great  many  more  fibres  than  cells 
there  must  be  other  connections,  possibly  the  "fibres  being  associated 
with  diffcient  piocesses  from  the  ganglion  cells.  It  is  probable  that  the 
i ods  and  cones  are  directly  connected  with  the  fibres  in  connection  with 
the  outei  reticular  layer.  Tfie  rods  and  cones  represent  the  part  of  the 
eye  retina  that  is  sensitive  to  the  HgTTfr  TlT^optic  nerve  represents  fhc 
nei  \ e that  is  associated  with  the. sense  of  vision.  The  bundles  of  fibres 
represent  delicate  medullated  fibres  without  the  white  substance  of 
be h warm  connected  together  by  means  of  neuroglia.  The  lens  consists  of 
a substance  which  is  covered  over  anteriorly  with  epithelium.  The  lens 
substance  consists  of  a soft  , substance  surrounding  the  nucleus  and 
consisting  of  epithelial  cells  so  elongated  as  to  form  lens  fibres,  these 
fibres  representing  prismatic  bands  which  are  thick  at  the  posterior  end. 
I he  vitreous  humor  represents  a fluid  substance  in  the  midst  of  which 
fibres  pass  the  external  surface  being  surrounded  by  the  hyaloid  mem- 

bi  ane.  fi  1 om  the  anterior  part  of  the  hyaloid  membrane  fine  fibres  are 
found  to  pass  in  the  direction  of  the  lens.  These  fibres  constitute  a 
membrane  known  as  the  zonule  of  Zinn. 


The  sense  of  vision  is  usually  aroused  by  the  action  of  the  light  upon 
the  letina.  Any  stimulation  of  the  optic  nerve  however  will  produce  a 
sensation,  such  as  pressure  or  an  electric  stimulation.  The  normal 
stimulation  however  is  the  light.  Light  itself  has  no  power  actually  to 
stimulate  the  optic  nerve.  It  can  do  so  only  when  it  acts  on  the  nerve 
thi  ough  the  1 etinal  rods  and  cones.  In  front  of  the  retina  are  a number 
of  cui  ved  surfaces  and  various  media  by  which  the  rays  of  light  from  anv 
luminous  point  as  they  enter  the  eyeball  are  refracted  or  bent  so  as  to  be 
brought  to  a focus  in  the  retina.  Hence  when  an  object  is  looked  at 
there  is  formed  a picture  of  it.  The  retinal  image  is  always  as  regards 
the  object  looked  at  inverted.  When  properly  focussed  it  is  well  defined 
and  its  size  depends  upon  the  visual  angle.  The  refractory  apparatus 
consists  of  the  anterior  surfaces  of  the  cornea,  the  anterior  and  posterior 
surfaces  of  the  crystaline  lens,  the  substance  of  the  lens  and  the  aqueous 
and  vitreous  humors.  The  rods  and  cones  are  portions  of  the  retina  sen- 
sitive to  light  There  has  not  yet  been  established  a direct  nerve  fibre  con- 
nection with  these  although  such  a connection  is  probable.  There  is  un- 
doubtedly a union  between  the  ganglion  cells  and  the  axis  cylinder  of  the 
nerve  fibres.  The  nerve  cells  however  as  we  have  seen  are  not  nearly  so 
numerous  as  the  nerve  fibres,  hence  the  fibres  must  have  a connection 
in  other  ways.  The  optic  nerve  within  the  cavitv  of  the  eyeball  is  bound 
up  in  sheaths,  these  sheaths  containing  the  brain  membranes.  The 
fibres  when  found  in  bundles  are  medullated  without  however  the 
Schwann  sheath. 


A sensation  of  light  is  dependent  upon  either  a -sen  sat  inn  of.  the  optic 
nerve  or  of  the  retina.  The  usual  stimulus  is  light  but  artificial  stimuli, 
such  as  mechanical  pressure,  division  of  the  nerve  or  electric  shocks  may 
also  act  as  stimuli.  Light  from  a physical  standpoint  is  a v.iiication 
which  is  found  in  the  ether  that  fills  all  space.  These  vibrations  affect 
the  retina,  producing  molecular  changes  which  stimulate  the  fibres  of  the 
optic  nerve.  This  impulse  is  transmitted  to  the  brain  resulting  in  TigTTt 
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si  nsation.  Physically  light  is  to  be  regarded  as  a kind  of  moycmcni; 
~pli ysiologi'cally  light  is  a stimulus  that  produces  sensations,  its  action  up- 
on the  organic  elements  of  the  special  senses  resulting  in  the  special 
form  of  conscious  sensations  called  the  light  sensation.  These  vibrato- 
ry movements  as  they  are  found  external  to  the  organism  have  been 
studied  carefully  in  physical  science;  but  physiology  has  been  unable  as 
vet  to  study  the  results  of  these  movements  in  the  complex  body  organism 
because  consciousness  only  takes  account  of  the  result.  The  sensations 
of  light  depend  upon  the  phenomena  associated  with  light.  When  there 
is  a disturbance  of  the  surrounding  ether  by  luminous  bodies  an  impres- 
sion is  made  upon  the  retina  resulting  in  a light  sensation.  This  vibra- 
tion or  disturbance  is  originated  from  the  luminous  body  and  travels  al- 
most instantaneously  in  all  directions  with  a great  velocity.  If  these  vi- 
brations are  intercepted  by  a dark  sheet  in  which  there  is  a small  open- 
ing, the  vibrations  of  light  will  penetrate  this  opening,  moving  in  a direct 
line  so  that  the  light  moves  in  a straight  line.  Hence  the  movement  of 
light  in  its  propagation  from  the  luminous  body  is  said  to  be  rectilinear. 
Every  ray  of  light  consists  of  an  indefinite  number  of  minute  rays  moving 
Tna^raiirbt  line  unless  intercepted  in  some  way.  If  the  light  thus 
moving  rests  upon  a smooth  surface  either  a part  or  a whole  of  each  beam 
of  light  changes  its  movement  by  reflection,  the  light  reflected  moving 
in  a direct  line  perpendicular  to  the  surface  of  reflection.  The  two 
rays  of  light  the  one  received  and  the  one  reflected  forming  equal  angles 
with  the  surface  of  reflection.  If  the  media  on  the  two  sides  of  the 
surface  on  which  the  ray  of  light  falls  are  transferred  then  part  of  the 
light  becomes  refracted,  that  is,  it  bends  at  the  surface  where  it  passes 
into  the  second  media,  so  that  the  light  refracted  lies  in  the  same  plane 
with  that  of  the  original  light  ray.  The  media  of  refraction  may 
be  glass,  water,  air  or  diamond.  The  course  of  the  ray  in  its  movement 
is  a matter  of  mechanical  calculation,  depending  upon  the  knowledge 
ot  the  principal  points  in  connection  with  the  generated  ray  of  light. 

According  to  Listing  the  pathway  of  a ray -when  refracted  may  be  de- 
termined in  connection  with  our  knowledge  of  three  pairs  of  cardinal 
points.  . (1)  A pair  of  principal  points  which  have  the  characteristic  that 
each  point  in  the  one  principal  plane  has  its  image  when  the  refraction 
takes  place  at  a point  in  the  other  principal  plane,  at  equal  distances  from 
the  axis.  In  this  way  a figrue  in  the  one  plane  has  its  image  in  the 
other  plane  and  the  position  of  the  figure  and  image  is  identical  in  the 
two  planes.  (2)  A pair  of  focal  points,  whose  characteristic  is  that  a 
ray  from  the  first  focal  point  when  it  passes  through  refraction  becomes 
parallel  to  the  axis  and  when  a ray  is  parallel  to  the  axis  before  being  re- 
fracted when  refraction  takes  place  it  passes  through  the  second  focal 
point.  (3)  A pair  of  nodal  points  whose  characteristic  is  that  each  ray 
whose  direction  before  being  refracted  passes  through  the  first  nodal 
point  when  refraction  takes  place  it  passes  in  a parallel  direction  through 
the  second  nodal  point.  In  the  eye  we  find  four  refracting  surfaces,  the 
antei  101  and  the  posterior  cornea  surfaces  and  the  anterior  and  posterior 
surfaces  of  the  lens.  As  the  cornea  surfaces  are  almost  parallel  and  as 
the  refraction  index  of  the  cornea  does  not  differ  much  from  the  index  of 
refi  action  of  the  aqueous  humor  the  posterior  surface  may  be  omitted, 
in  the  case  of  the  lens  we  find  varying  degrees  of  density,  the  density  be- 
ing inci  eased  towards  the  center.  From  this  standpoint  the  eye  is  an 
op  ical  insti  ument  possessing  the  power  of  refraction  through  a trails- 
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parent  medium.  The  eye  is  thus  an  optical  apparatus  consisting  of  a re- 

dectmg- sui  tciee  and  a iens,  the  Jens  in  this  case  being-  complex’  in  char- 
aUei.  When  an  object  is  placed  before  the  eye  an  inverted  ima-o-  faiu 
upon  the  retina  the  refraction  through  the  transparent  media  produdn-r 
the  different  points  of  the  image.  1 

w e?e  is  symmetrical  as  an  optical  instrument  it  is  defective 

but  the  defects  as  a 1 ule  are.  so  slight  and  we  become  so  accustomed  to 
them  that  they  do  not  cause  any  errors  in  visual  judgments.  These  de- 

dUe+t0  aberJat'°n  of  refrangibility.  This  is  due  to  the  fact 
. lat  the  diftei  ent lays  of  which  white  light  is  composed  are  unequally  re- 
langible;  hence  in  a ray  of  white  light  falling  upon  a convex  lens  the"  vio- 
et  lays  are  more  strongly  bent  than  the  red  rays  and  are  therefore 
bi  ought  to  a locus  in  front  of  the  red  rays  resulting  in  the  reproduction  and 
fixing  of  the  color.  The  term  chromatic  aberration  is  used  to  designate 
this  same  defect  of  vision.  This  means  that  rays  of  light  of  different 
colors  differ  in  refrangibihty,  so  that  the  white  light  is  separated  into  iu 
component  colors  when  it  passes  through  a prism.  The  result  of  this  is 
that  the  rays  of  one  color  are  focused  at  a differdnt  point  from  that  repre- 
senting the  focus  of  the  rays  of  another  color.  In  other  words  an  ima  re 
consists  of  a number  of  images  representing-  different  colors.  The  ex- 
istence m the  eyeball  of  different  refracting  media  of  various  densities 
tends  to  correct  this  defect.  This  means  that  if  there  is  perfect  accom- 
modation of  the  eye  for  one  color  there  is  not  perfect  accommodation  for 
the  other  colors.  Normally  in  vision  this  effect  of  the  different  re- 
frangibilities  of  different  colors  does  not  affect  vision;  but  it  can  be  discov- 
eied  easily  if  we  look  at  a violet  light  in  which  are  rays  from  the  two 
extremes  of  the  spectrum,  the  eye  will  see  either  a small  blue  point  with 
a 1 ed  surrounding  or  a red  point  with  a blue  surrounding,  according  as 
the  eye  is  accommodated  to  the  red  or  the  blue  rays  of  light.  (2')  These 
defects  may  be  due  also  to  refractive  curvatures  of  the  refractive  surfaces 
of  which  we  find  two  varieties,  (a)  spherical  aberration.  The  aberration  of 
sphericity  is  due  to  the  fact  that  when  rays  of  light  fall  on  a convex  lens 
those  which  fall  on  the  outer  or  marginal  part  are  more  strongly  bent  than 
those  which  fall  near  the  central  part  of  the  lens;  as  a consequence  the 
rays  on  the  marginal  end  will  be  brought  to  a focus  in  front  of  the  rays 
near  the  center.  Hence  in  the  eyeball  the  whole  of  the  rays  of  light  are 
brought  to  a focus  exactly  on  the  retina  and  so  the  image  formed  fs  more 
or  less  blurred,  there  is  formed  a circle  of  diffusion  increasing  according 
to  the  extent  to  which  the  pupil  is  opened.  If  the  pupil  is  quite  open 
then  the  vision  is  more  marred.  There  are  in  the  eyeball  certain 
arrangements,  the  object  of  which  is  to  diminish  this  defect  as  far  as 
possible,  - as  follows;  the  iris  acting  as  a iaphragm  cuts  off  the  outer  ravs 
so  preventing  them  from  entering  the  marginal  part  of  the  lens  by  which 
they  would  be  more  strongly  refracted:  the  anterior  surface  of  the  cornea 
is  not  perfectly  spherical  but  the  marginal  portion  is  less  convex  than  the 
central  portion;  the  anterior  and  the  posterior  surfaces  of  the  lens  to  some 
extent  correct  each  other,  the  lens  substance  is  more  dense  towards  the 
center,  hence  the  circumferential  portion  being  less  dense  it  is  less  re- 
fractive than  the  central  part.  (b)  Astigmatism,  by  this  is  meant  that 
a vertical  and  a horizontal  line  at  the  same  distance  from  the  eve  cannot 
be  seen  plainly  at  the  same  time.  This  is  due  in  the  main  to  the  fact 
that  the  vertical  curvature  of  the  cornea  is  more  convex  than  the  horizon- 
tal, hence  the  rays  that  fall  on  the  former-are  more  strongly  refractive  and 
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are  brought  to  a focus  in  front  of  those  that  fall  on  the  latter.  There  is 
not  symmetry  in  the  refracting  surfaces,  so  that  in  place  of  the  circles  of 
diffusion  we  find  figures  or  lines  irregularly  shaped.  Astigmatism  is 
usually  divided  into  a regular  and  an  irregular  form;  the  former  repres- 
enting the  difference  in  the  curvature  between  the  horizontal  median  line 
and  the  vertical  median  line  so  that  the  eye  lacks  the  power  of  accommo- 
dating the  two  rays  representing  the  vertical  and  horizontal.  In  this 
case  both  lines  cannot  be  seen  at  the  same  time,  generally  the  vertical 
median  line  is  more  curved  than  the  horizontal.  This  defect  may  be 
corrected  by  the  use  of  plain  cylindrical  glasses,  as  they  increase  the  re- 
fraction of  the  rays  in  the  horizontal  media  until  there  ,is  a common 
focus  for  the  horizontal  and  the  vertical.  In  irregular  astigmatism 
tnere  is  an  irregular  variation  in  the  curvature  in  different  median 
lines,  this  being  due  chiefly  to  the  variation  in  the  crystalline  lens.  In 
order  to  have  clear  vision  the  image  must  fall  on  the  retina.  If  the  eye 
is  adjusted  so  as  to  see  a certain  object,  the  rays  coming  from  a point 
further  away  will  be  focussed  before  reaching  the  retina,  a divergence 
from  the  focus  of  the  retina  being  represented  by  a circle  of  diffusion; 
the  same  thing  will  be  true  of  a point  nearer  the  eye.  By  sighting 
these  different  points  the  circles  of  diffusion  are  formed  and  when  the 
centers  of  these  circles  coincide  the  sighting  is  accomplished.  There 
is  a line  of  sighting  in  these  cases  which  is  formed  by  the  axis  of  the  con- 
ical  sides  of  the  rays  from  the  two  points,  the  arginal  border  of  the  iris 
forming  the  boundary  line. 

In  order  to  find  the  cardinal  points  of  the  eye  we  must  measure  the 
refracting  media  and  find  the  refraction  indices.  Some  investigations 
have  been  made  in  connection  with  this  subject.  In  connection  with  the 
postmortem  eye  and  also  in  the  case  of  the  living  eye  these  investigations 
have  been  carried  out.  By  means  of  these  measurements  we  are  able  to 
determine  the  optical  constants  associated  with  the  different  parts  of  the 
eye  in  connection  with  vision.  In  the  case  of  a luminous  object 
before  the  eves  the  rays  from  the  surface  cross  in  the  eye, 
forming  an  inverted  image  in  the  retina.  The  angle  at  which 
the  rays  from  the  marginal  surface  cross  is  called  the 
vis  i il  angle,  its  size  depending  upon  the  size  of  the  object  as  well  as  the 
intervening  space  between  the  object  and  the  eye.  Objects  of  the  same 
size  at  different  distances  may  have  the  same  visual  angle.  In  this  way 
the  size  of  the  retinal  image  may  be  calculated  if  we  know  the  object  and 
' ’ s SIZC-  If  small  opaque  substances  are  found  in  the  transparent  media 
theie  may  be  a shadow  cast  upon  the  retina,  giving  rise  to  images  which 
may  be  supposed  to  be  real  as  existing  in  the  outer  world,  while  their  ex- 
istence is  really  in  connection  with  the  media  of  sight.  These  are  called 
entoptic  objects  as  distinguished  from  the  external  objects  of  vision 
1 hese  entoptic  objects  may  be  of  two  kinds;  (1)  intraretinal,  arising  from 
opacity  in  the  retinal  layers  anterior  to  Jacob’s  membrane,  representing 
the  layer  of  rods  and  cones  of  the  retina.  This  may  be  produced  arti- 
ficially by  casting  a strong  ray  of  light  on  tha  border  of  the  sclerotic  by 
winch  a figure  of  the  retinal  vessels  will  be  produced;  it  may  also  be  pro- 
miccd  by  looking  at  a vivid  light  through  a small  hole  before  which  quick 
i>acU  and  forward  movements  takes  place.  In  this  case  also  the  retinal 
vessels  will  be  reproduced  in  image.  By  looking  at  a very  bright  light 
iioug  a tube  while  the  bead  is  moved  backward  and  forward  the  cireji- 
lation  of  the  blood  in  connection  with  the  eye  and  even  the  blood  cor- 
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puscles  may  he  seen  in  the  form  of  a picture.  In  this  way  we  find  that 
the  sensitive  portion  of  the  retina  is  found  in  connection  with  the  laver  of 
rods  and  cones.  (2)  The  object  may  be  extra-retinal,  due  to  some'  opac- 
ity in  some  ot  the  refractive  structures  in  front  of  the  retina.  These  ob- 
jeyts  may  be  seen  in  various  forms  and  shapes  according-  to  the  structure 
oi  the  substance  or  the  substance  itself,  the  appearance  being-  that  of  ob- 
jects moving- too  and  fro  before  the  eye.  These  facts  seem  to  indicate 
that  the  most  sensitive  part  of  the  retina  is  the  deepest  of  the  layers,  the 
layer  of  the  rods  and  cones.  We  have  seen  that  in  order  to  see  objects 
clearly  the  lig-ht  reflected  from  them  must  be  accurately  focussed  upon 
the  retina;  but  as  at  different  times  we  see  clearly  objects  at  different 
distances  there  must  be  in  the  eyeball  some  arrang-ement  by  which  focus- 
sing- power  can  be  altered,  for  the  nearer  an  object  is  to  the  eyeball  the 
greater  the  divergence  of  the  rays  which  enter  the  eve.  Therefore  the 
greater  the  amount  of  refracting  or  bending  will  be'  required  to  bring 
them  to  a focus  on  the  retina.  Hence  to  see  near  objects  clearly  we  re- 
quire greater  refraction  power  than  to  see  distant  objects  clearly.  If  a 
camera  is  placed  in  front  of  an  object  it  requires  to  be  focussed  in  order 
to  get  a distinct  image  on  the  plate.  The  focus  of  objects  at  different' 
distances  is  obtained  by  the  alteration  of  the  position  of  the  plate  re- 
lative to  the  refractory  lens,  moving  the  plate  forward  when  focussing 
distant  and  backward  when  focussing  nearer  objects.  In  the  eve 
there  is  a natural  mechanism  for  such  an  accommodation.  This  m 
accomplished  by  changing  the  refractory  power  of  the  refractory  ap- 
paratus, increasing  it  when  looking  at  distant  objects.  There  is  one 
compound  gland  in  the  eye  composed  of  different  media  of  refraction 
the  focal  length  being  definite.  There  may  be  a difference  between 
the  focal  length  and  the  antero-posterior  axis  of  the  eyeball  In  the 
case  of  the  normal  emmetropic  eye  the  refracting  apparatus  is  such  that 
the  rays  of  light  originating  beyond  a definite  point,  65  meters  distant, 
and  which  are  parallel  to  each  other,  are  brought  to  a focus  on  the  re- 
tina. When  the  antero-posterior  axis  is  of  such  a length  that  the  two 
focal  points  in  connection  with  the  refractive  media  fall  npon  the  retina 
there  will  be  focussed  on  the  retina  parallel  rays  of  light  emanating  from 
objects  at  a distance.  This  represents  the  emmetropic  eve.  If  this 
axis  of  the  eye  is  longer  or  shorter  than  the  focal  measure  of  the  length 
of  the  refractive  media  than  it  is  out  of  measure  and  the  eye  is  said  to  be 
a metropic.  From  lumiuous  points  within  a distance  of  65  meters,  mere 
or  less  divergent  rays  of  light  fall  upon  the  eyeball  and  therefore  refracting 
power  is  required  to  bring  these  to  a focus  upon  the  retina,  that  is  ac- 
commodation is  necessary.  In  the  chief  change  is  an  increase  in  the 
convexity  of  the  anterior  surface.  There  is  also  a contraction  of  the  pupil 
and  an  increase  of  the  intra-ocular  pressure  in  the  posterior  parts  of  the 
eye.  Accommodation.  The  increase  of  the  convexity  of  the  anterior 
surface  of  the  leris  appears  to  be  due  to  the  contraction  of 
the  ciliary  muscles  which  by  their  contraction  pull  off 

the  ciliary  processes  from  the  suspensory  ligament.  When  the  latter  is  no 
longer  pressed  upon  the  capsule  of  the  lens  will  be  diminished.  Hence 
the  lens  by  its  elasticity  bulges  forward  or  becomes  convex  anteriorly. 
The  nearer  an  object  is  to  the  eyeball  the  greater  is  the  amount  of  re- 
fracting power  that  is  necessary,  that  is,  a greater  increase  in  the  convex- 
ity of  the  lens  is  needed  to  bring  it  to  a focus  on  the  retina.  When  an  ob- 
ject is  placed  nearer  the  eye  than  13  cm.  cannot  be  accommodated  for  it  too 
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near.  The  rays  of  light  passing  from  it  are  too  divergent  to  be  sufficiently 
bent  to  bring  them  to  a focus  on  the  retina.  Hence  a normal  emmetropic 
eye  has  an  accommodation  that  takes  place  between  13  cm.  and  65  meters 
the  points  represented  by  these  distances  being  called  punctum  proxi- 
mum  and  punctum  remotum. 

From  the  normal  emmetropic  there  are  two  divergences  falling  under 
the  head  of  ametropic;  (1)  the  myopic  or  short  shighted  eye.  In  this  case 
the_gods  is  too  long.  The  ordinary  myopic  eye  of  short  sinhted  people 
has  in  tfTe  curvature  of  the  refractory  surfaces  too  much  convexity,  or  the 
antero-posterior  axis  of  the  eye  is  too  long.  Hence  the  rays  of  light  from 
a distance  are  formed  in  front  of  the  retina  and  concave  glasses  are  needed 
to  correct  the  vision.  This  form  of  sight  is  called  myopic  because  persons 
with  such  sight  lessen  the  circles  of  diffusion  of  light  by  partially  closing 
the  lids.  (2)  Thejiypermetropic  or  long  sighted  eye.  In  long-sighted 
people  we  find  either  the  curvatures  of  the  surfaces  are  not  sufficiently 
convex  or  the  antero-posterior  axis  is  too  short.  Hence  when  the  rays  of 
light  from  a distance  are  brought  to  a focus  behind  the  retinavaccommoda- 
tion  is  always  necessary  and  convex  glasses  are  required  to  correct  the 
vision.  In  the  case  of  the  presbyopic  eye  of  old  people  we  find  an  eye  in 
which  the  power  of  accommodation  has  become  defective  in  consequence 
of  the  weakening  of  the  ciliary  muscles,  flattened  and  diminished  elasticity 
of  the  lens.  The  person  as  a consequence  cannot  distinctly  see  an  object 
unless  it  is  held  at  some  distance  from  the  eye;  weak  convex  glasses 
should  be  used  to  correct  this  defect.  If  the  two  eyes  have  equal  re- 
fractive power  they  are  said  to  be  isometropic,  if  different  they  are  called 
anisometropic.  If  a convex  lens  converging  parallel  rays  of  light  is  put  in 
front  of  a hypermetropic  eye  the  focal  point  can  be  removed  so  as  to  cen- 
ter it  on  the  retina.  Similarly  if  a concave  lens  is  placed  before  a myopic 
eye  the  focal  point  will  be  moved  back  until  it  rests  on  the  retina.  In  both 
of  these  cases  clear  vision  will  be  restored.  The  number  of  lenses  re- 
quired to  accomplish  this  gives  the  basis  for  the  rectification  of  defective 
sight.  The  opticans  use  a metric  scale  in  which  the  unit  is  a lens  of  one 
meter  focal  distance  to  which  the  name  dioptric  is  given.  This  is  called 
number  one.  The  next,  number  two  would  be  one-half  the  focal  length 
and  the  lens  double  the  power  of  number  one  and  so  on.  In  the  normal 
eye  the  parallel  rays  of  light  entering  it  from  a distance  are  focussed  on 
the  retina;  if  these  rays  are  not  focussed  properly  on  the  retina  there  are 
formed  circles  of  diffusion  and  there  is  an  indistinct  retinal  image.  Thus 
it  an  object  is  too  close  to  the  eye  the  refractive  media  do  not  permit  its 
focussing,  with  the  result  that  there  is  indistinctness  of  vision. 

I his  however  is  corrected  by  accommodation  which  takes  place  by 
varying  the  curvature  of  the  anterior  surface  of  the  lens.  By  the  use  of 
the  phakoscope  experiments  can  be  made  in  connection  with  the  variations 
that  take  place  in  the  accommodation.  It  consists  of  a triangular  box  with 
three  angles  squared  off.  To  the  right  of  the  figure  there  are  two 
prisms  by  means  of  which  light  is  concentrated  upon  the  eye.  The  eye 
is  placed  before  an  opening  on  the  side  opposite  to  the  square  side  while 
the  observer  s eye  is  located  at  the  left  angle.  In  connection  with  accom- 
modation we  find  variations  taking  place,  (1)  there  is  an  increase  in  the 
curvature  of  the  anterior  surface  of  the  lens;  (2)  ordinarily  there  is  con- 
traction of  the  pupil  of  the  eye;  and  (3)  there  is  an  increase  in  the  intra- 
ocular pressure  in  the  posterior  portion  of  the  eye. 

According  to  Helmholtz  the  explanation  of  the  increase  in  the  curva- 
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tin  e of  the  anterior  surface  ot  the  lens  is  as  follows.  In  the  normal  conrli 
tion  the  lens  is  flattened  anteriorly  by  the  anterior  layers  of  the  capsule’ 
\ lien  accommodation  takes  place  the  ciliary  muscle  'fibres  pull  forward 
the  ciliary  processes  and  the  retina  with  the  result  that  the  lens  is  bulged 
forward  and  becomes  thicker.  During-  the  resting,  condition  of  the  ewe 
the  zonule  o Zinn  is  subject  to  some  tension.  But  in  the  action  of  the 
culaiy  muscle  there  is  a pulling-  force  towards  the  edg-e  of  the  cornea  the 
ora  serrata  or  serrated  border  of  the  retina  being-  drawn  towards  the’eor- 
neal  margin,  lessening-  the  radial  tension  of  the  zonule.  The  ciliary  mu— 
cle  receives  motor  fibres  from  theciliary  ganglia,  thesearisingfrom  the  third 
nei  \e  so  that  if  the  third  nerve  is  paralyzed  there  is  no  long-er  any  power 
ot  accommodation  m connection  with  the  eye.  The  lig-ht  entering-  the  eye 
is  partly  absorbed  by  the  choroid  pig-ment  and  in  part  it  is  reflected.  The 
rays  that  are  reflected  return  to  the  pupil  uniting-  with  the  entering  rays 
to  01  m a pictuie.  The  eye  pupil  is  black  when  looked  at  because  none'of 
the  reflected  rays  ai;e  received  into  the  observing-  eye,  If  the  retina  is 
stiongly  illumined  with  lig-ht  and  if  you  place  a lens  in  front  of  it  so  as  to 
focus  the  rays  in  the  observing-  eye  a picture  of  the  retina  may  be  observ- 
ed. It  is  on  this  principle  that  Helmholtz’s  ophthalmoscope  is  con- 
stiucted.  When  there  is  a deficiency  of  pigment  found  in  connection 
with  the  eye  it  appears  luminous  producing  reflection  of  the  rays  of  a red 
or  pink  color.  If  there  is  set  in  front  of  the  eye  a dark  sheet  with  a hole 
of  equal  size  as  the  pupil  of  the  eye  the  hole  would  appear  to  be  dark  in- 
stead of  light.  In  some  animals  part  of  the  eyeball  base  has  no  pigment 
and  foi  this  1 eason  it  manifests  irridescence.  When  this  condition  is  found, 
that  is,  where  the  pigment  is  absent  as  in  the  case  of  some  animals  it  is 
called  tapetum,  the  eye  being  in  this  case  more  -sensitive  to  the  rays 
of  light.  This  tapetum  is-  always  higher  than  the  entrance  point  of  the 
optic  neive.  In  some  animals  it  is  of  a bluish  color  due  to  irsidesccnce 
pioduced  by  the  interruption  of  the  light  wave.  This  tapetum  represents 
the  bright  colored  reflecting  layer  of  the  choroid,  the  light  penetrating 
these  layers  and  then  being  reflected  from  a delicate  surface.  When  an  inf- 
age  is  reflected  on  the  retinal  surface  it  is  reflected  upon  the  are  of  a spheri- 
cal surface.  The  eye  in  this  respect  is  more  nearly  perfect  than  a camera 
in  which  the  surface  is  flat.  This  forms  a reason  wdiy  in  a camera  picture 
of  a large  object  the  ou  tside  of  the  picture  is  less  fully  developed  than  the 
central  part  because  the  outside  surfaces  are  notin  focus.  Sometimes 
these  external  parts  become  distorted.  In  the  case  of  the  eve  as  the  rays 
fall  on  the  concave  surface  all  the  rays  of  light  are  focused  so  that  the  im- 
age becomes  quite  distinct. 

In  the  correction  of  the  defects  associated  with  the  eye  the  iris  repre- 
sents the  most  important  part  of  the  eye.  The  iris  acts  as  a diaphragm 
which  prevents  the  rays  of  light  from  falling  on  the  outer  or  marginal  part 
of  the  lens  by  which  the  rays  would  be  so  strongly  refracted  that  they 
would  be  brought  to  a focus  in  front  of  the  retina.  (1)  The  iris  thus  pre- 
vents the  formation  of  a blurred  image  and  this  represents  the  first  func- 
tion of  the  iris.  (2)  By  the  contraction  and  relaxation  of  its  muscular 
fibres  it  determines  the  size  of  the  pupil  and  so  regulates  the  amount  of 
light  entering  the  eye.  The  radiating  fibres  contract,  producing  a dilata- 
tion of  the  pupil,  whereas  another  system  of  radiating  fibres  on  con  trac- 
tion produces  a lessening  of  the  pupil.  The  contraction  of  the  pupil  i • 
due  to  the  contraction  of  the  circular  muscular  fibres  of  the  ins,  tin  se  be- 
ing supplied  by  the  third  cranial  nerve.  The  dilatation  of  the  pupil  is  due 
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to  the  contraction  of  the  radiating-  involuntary  muscle  fibres,  these  being- 
supplied  by  the  sympathetic  nerve  fibres  which  can  be  traced  to  the  sym- 
pathetic system  in  the  lower  cervical  and  upper  dorsal  regions.  (3)  By 
the  contraction  of  the  circular  muscle  there  is  an  accommodation  for  near 
objects  as  it  cuts  off  the  more  divergent  rays  from  the  aperture  of  the 
pupil.  The  diameter  variations  in  the  pupil  depend  upon  the  intensity  of 
the  light  falling  upon  the  retina.  If  the  light  is  strong  the  pupil  contracts; 
if  the  light  is  less  intense  the  pupil  dilates.  If  the  light  is  strong  and  acts 
strongly  upon  one  eye  only  it  will  produce  contraction  of  the  pupil  of  botn 
eyes.  These  indications  point  to  reflex  action  as  the  cause  of  the 
phenomena  of  sighg,  the  optic  nerve  being  the  sensory  ■ pathway  to  the 
center  in  the  brain  from  which  impulses  pass  out  along  the  motor  fibres 
to  the  pupil  of  the  eye.  By  the  stimulation  of  the  optic  nerve  the  pupil 
contracts.  It  is  said  that  the  center  is  in  the  corpora  quadrigemina  be- 
cause if  these  bodies  are  destroyedthe  pupil  of  the  eye  loses  its'  mobility; 
the  dilator  fibres  spring  from  the  sympathetic  arising  fronY  Ib\V£fy 
portion  of  the  cervical  region  and  the  upper  part  of  the  db/sal'^'egibp. 
Aside  from  nervous  connection  the  iris  seems  to  have  the  powYL r6f  re- 
sponding directly  to  the  stimulation  of  rays  of  light.'  « In  the  case : of  h 
dead  animal  the  pupil  of  the  eye  will  contract  if  the  light  is  allowed  to  fall 
upon  it  for  a long  time.  If  however  the  opposite  eye  is  covered  no  res- 

:ii  1 ,.iA  _ J,  • •;< ...  , , 

unclosed. 

- t3  this  is  a 

rellex  action.  The  afferent  nerve  is  the  optic,  tffbAcenter  '&' fin  the  cor- 
pora quadrigemina  in  the  floor  of  the  aqueductus  Sylvius;  the  efferent 
nerve  being  the  third  cranial.  Both  pupils  contract' when  strong  light 
acts  upon  one  retina  only.  The  pupil  of  the  eye  also  contracts  in  accom- 
modation for  near  objects,  when  the  eyeball  is-  turned  inwards,  in  deep 
slumber  and  under  the  influence  of  morphine  and  nicotine.  The  pupil 
of  the  eye  dilates  when  the  intensity  of  the  light  is  diminished,  when  look- 
ing at  distant  objects  and  under  the  influence  of  strong  sensory  stimula- 
tion as  well  as  when  affected  by  atroph in  -and*  cocaine.  In  the  case  of 
the  iris  its  main  function  seems  to'  be  to  control  the  lig-ht  falling  upon  the 
eye  so  as  to  make  the  image  that  is  formed  upon  the  retina  quftc  distinct. 


t * w w uvvvLvti  ink  uppuauc  c_yc  uuvcici 

ponse  to  the  light  stimulation  will  be  apparent  in  the  eye  that  is 
The  pupil  of  the  eye  contracts  under  the  influence-of  light  and 


1 Ins  function  it  performs  in  two  ways,  (1)  by  lessening  the  ravs  of  light 
reflected  from  objects  close  at,  hand  by  taking  awaythe  divergent  rays 
and  permitting  only  the  parallel  rays  to  become  focussed  on  the  reti 
<2)  \>y  preventing  the  divergent  rays  from  being -focussed  in  front  of  1 
retina,  in  this  way  obviating  the  condition  of  spherical  aberration, 
both  of  these  ways  the  light  entering  the  eye  is  regulated  so  as  to  per 
only  those  rays  to  enter  the  eye  that  will  be  of  value  ni  the  formation  of  ..... 

All  the  portions  in  the  front  of  the  retina  are  functionally 


retinal  image. 


ay: 

na; 

the 

In 

mit 

the 


a i i anged  for  the  assistance  of  the  eye  in  focusing  an  image. 

Light  is  the  normal  stimulus  of  the  retina,  the  retina  being  the 
end  organ  of  vision,  and  all  the  parts  anterior  to  it  being  arran  ce- 
ments associated  with  focusing  an  image.  Stimulation  may  take  place 
mechanically  or  electrically  in  the  case  of  the  optic  nerve,  not  di- 
re^y,  but  by  acting  upon  the  nerve  firbe  through  or  in  connection 
with  the  rods  and  cones,  especially  the  latter.  Hence  light  passing 
through  the  various  refractive  media  has  to  travel  through  the  thick" 
np^  of  the  retina  in  order  to  reach  and  affect  the  rods  and  conei 
situated  on  the  posterior  aspect  of  the  retina.  The  changes  that  are 
uis  pioduced  have  to  travel  forward  through  the  optic  nerve  fibres  that 
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ie  'ifr  alnteri01:  aspect  of  the  retina.  What  the  exact  charures 
aie  that  light  produces  in  the  retinal  structure  are  uncertain.  Several 
changres  however  have  been  observed,  but  how  these  lead  to  the  stirnu- 
lation  of  the  optic  nerve  cannot  at  present  be  explained.  When  light 
falls  on  the  retina  there  is  a change  in  the  electric  current;  this  must 
h -^Ul  t0  a chanfe  of  a chemical  or  thermal  character  in  connection 
// an  ani.mal  after  being  killed  in  the  dark  is  brought 
into  the  hght  and  the  retma  subjected  to  yellow  ravs  of  light,  there 
will  be  found  a purple  color  in  connection  with  the  retina;  this  purple  color 
is  destroyed  if  the  retina  is  exposed  to  the  ordinary  light,  the  purple  be- 

fonnd/- °7if)0Se  bJihei)rdmary  Usht  rays-  The  same  Purple  color  is 
found  m the  eye  of  the  foetus  before  birth,  the  purple  being  found  in  the 

rods  never  in  the  cones.  The  light  seems  to  affect  the  purple  of  the  eve, 

the  result  produced  being  some  mechanical  change  producing  stimulation 

of  the  optic  nerve.  \\  hen  the  purple  is  used  up  new  matter  of  the  same 

kind  is  formed  from  the  coloring  matter  of  the  epithelium,  the  epithelium 

secreting  the  coloring  matter  from  the  blood  that  circulates  close  to  it 
1 he  retina  then  is  a physiological  sensitive  plate.  The  coloring  matter  is 
destroyed  and  restored  by  chemical  changes,  the  action  of  these  chemical 
changes  resulting  in  a vaaiation  of  an  electrical  kind.  This  purple  col- 
oring matter  is  not  necessary  for  vision  as  the  cones  have  no  purple. 

1 here  is  in  all  probability  however  a colorless  matter  in  connection  with 
the  cones  which  produces  the  necessary  chemical  changes.  Thus  when 
the  eyeball  has  been  kept  for  some  time  in  the  dark  the  hexagonal  pig- 
mented epithelial  cells  situated  in  contact  with  the  rods  and  cones  have 
their  pigment  mainly  gathered  in  the  dark  into  the  body  of  each  cell  and 
from  each  cell  we  find  short  filamentous  processes  which  project  a short 
distance  between  the  rods  and  the  cones.  Under  the  influence  of  light 
these  processes  become  loaded  with  pigment  and  project  between  the 
rods  and  cones  a much  greater  distance.  The  retina  examined  a short 
time  aftei  death  is  of  a faint  pink  color,  but  if  the  animal  is  kept  in  the 
dark  and  then  killed  the  retina  except  at  the  yellow  spot  is  found  to  be  of 
a pui  plish  red  color.  This  is  due  to  the  presence  of  the  coloring  matter 
to  which  the  name  of  rhodopsin  or  visual  purple  is  given.  Rhodopsin  is 
bleached  by  the  white  light.  Hence  in  order  to  see  it  the  retina  must  be 
examined  by  the  sodium  light.  It  is  restored  again  in  the  dark  and  if  the 
retina  is  brought  into  contact  with  the  hexagonal  cells.  Hence  it  is  sup- 
posed that  the  rhodopsin  is  formed  in  the  outer  part  of  the  rods  bv  the 
action  of  these  cells.  An  electric  current  can  be  obtained  from  i{,  the 
current  increasing  with  the  light  that  falls  on  the  retina.  When  the  eve 
rests  in  the  dark  the  coloring  matter  collects  near  the  external  portion  of 
the  rod  close  to  the  junction  of  the  infernal  and  external  segments.  When 
exposed  to  the  white  light  diffusion  takes  place  of  the  coloring  matter  over 
the  rods  inward.  The  white  light  in  producing  this  diffusion  elongates 
the  rods.  If  the  eyeball  is  pressed  luminous  impressions  may  be  pro- 
duced. These  impressions  take  the  form  of  a luminous  point  surrounded 
by  colored  rings.  These  may  be  large  or  small,  depending  upon  the  rays 
of  light  falling  on  the  retina.  If  an  electric  current  is  passed  along  the 
optic  nerve  a little  violet  scintillation  may  be  noticed  surrounded  by  a 
dark  yellow  ring.  If  the  edges  of  the  retina  are  excited  a violet  spot  may 
be  noticed  if  the  current  is  passed  from  the  optic  nerve  to  the  retina. 
Uven  when  the  eye  is  in  a dark  medium  there  is  not  absolute  darkness, 
there  being  a slight  luminous  ray  characteristic  of  the  eye  in  the  darkness 
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this  being-  called  the  specific  lig-ht  of  the  retina.  It  appears  from  this 
that  even  in  the  darkness  there  is  an  activity  of  the  molecules  which  pro- 
duce the  luminous  sensation.  The  retina  is  not  excit-able  to  an  equal 
decree  in  all  its  parts.  At  the  point  of  entrance  of  the  optic  nerve  there 
is  no  lig-hi  sensibility,  this  point  on  the  retina  being-  called  the  blind  spot. 
By  shutting-  the  left  eye  and  fixing-  the  rig-ht  eye  on  a cross  which  is  about 
an  inch  to  the  left  of  a round  dark  spot  on  a white  surface  and  then  mov- 
ing- the  surface  towards  and  away  from  the  eye  there  will  be  found  a po- 
sition where  the  round  spot  entirely  disappears,  the  image  resting  upon 
the  point  of  entrance  of  the  optic  nerve.  At  this  point  there  is  no  sen- 
sibility of  color. 

The  most  sensitive  point  of  the  retina  is  the  yellow  spot  at  the  centcr 
of  the  retina.  It  is  especially  used  in  direct  vision.  If  the  eye  is  fixed  on 
a word  in  a certain  line  the  rest  of  the  line  becomes  indistinct.  This  is 
particularly  true  of  the  fovea  centralis  where  there  are  only  the  retinal  cones 
representing  a small  area  about  .2  millimeters  in  diameter.  Acute  vision 
becomes  gradually  less  acute  on  passing  away  from  the  yellow  spot.  The 
retina  is  most  sensitive  after  it  has  been  resting,  for  example,  in  the 
morning.  It  remains  excited  for  a short  time  after  a stimulus  has  ceased 
to  act  on  it.  Thus  a colored  spot  on  a rapidly  revolving  object  disappears 
as  a continuous  band  because  the  excitement  of  the  first  stimulus  upon 
the  spot  has  not  ceased  before  the  spot  comes  around  again.  In  order  to 
excite  the  retina  if  the  stimulus  is  weak  it  must  continue  for  a definite 
time,  if  strong  it  may  be  of  much  shorter  duration.  An  electric  spark- 
lasts  only  about  .000001  of  a second  yet  the  spark  is  sufficiently  strong 
and  extended  to  make  a light  impression.  When  there  is  rotation  of  an 
object  or  color  so  as  to  produce  a fusion  of  the  successive  impressions  we 
have  the  persistency  of  retinal  inpressions.  Normally  an  impression  con- 
tinues on  the  retina  about  one-fiftieth  of  a second.  This  persistency  of 
excitement  after  the  stimuli  have  ceased  to  act  explains  the  positive  after 
image,  while  the  negative  after  image  where  light  parts  of  the  image 
correspond  to  dark  parts  of  the  objects  seen  and  vice  versa  is  due  to  the 
fatigue  of  the  retina.  An  after  image  is  the  picture  of  an  object  that  can 
be  seen  after  looking  at  the  object  for  a time  and  then  closing  the  eyes 
or  looking  at  a dark  surface.  In  order  to  excite  the  retina  there  must  be 
a definite  intensity  of  light,  this  intensity  of  light  stimulation  depending 
not  only  on  the  luminous  body  but  also  on  the  excitability  of  the  retina! 
Hence  after  rest  or  after  being  in  the  dark  there  is  an  increase  in  the 
retinal  excitability. 

'pi  • k-IGHT  AND  color.— Light  is  due  to  the  oscillations  of  the  ether. 

1 his  is  a hypothetical  substance  supposed  to  fill  all  space  and  to  occupy 
the  space  between  all  material  substances.  The  color  or  tone  of  light  de- 
pends upon  and  varies  with  the  length  of  the  ether  waves.  Color  is  a sen- 
sation aroused  by  the  action  of  rays  of  light  of  a certain  length  upon  the 
retina,  that  is,  it  depends  upon  the  rays  that  fall  upon  the  retina  during  a 
definite  period  of  time.  With  a certain  number  of  rays  we  get  a sensation 
of  red  and  with  double  that  number  of  rays  the  sensation  would  be  that  of 
violet.  The  brilliancy  or  intensity  of  light  varies  with  the  amplitude  of 
the  waves.  If  a beam  of  light  is  made  to  travel  through  a glass  prism  the 
i ; t is  not  onl}'  reflected  but  it  is  broken  up  into  several  primitive  colors 
lrom  red  at  one  end  of  the  spectrum  to  violet  at  the  other  end.  These 
when  collected  on  a screen  are  seen  to  form  the  spectrum.  Thus  white 
light  is  of  a compound  nature,  the  waves  of  red  light  are  of  such  a lentrth 
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that  4s>l  billions  of  them  reach  a given  point  in  one  second  of  time  while 
the  waves  that  produce  a violet  are  much  shorter,  764  billions  reaching  a 
given  point  in  one  second  of  time.  The  waves  of  intermediate  length  form 
the  other  colors  of  the  spectrum.  Color  is  thus  a sensation  due  to  a par- 
ticular kind  of  stimulus.  If  the  waves  are  longer  than  the  red  waves  thev 
do  not  stimulate  the  retina  and  instead  of  forming  light  or  color  rays  thev 
are  heat  rays.  Simlarly  waves  that  are  shorter  than  the  violet  rays  do 
not  excite  the  retina  and  they  are  chemical  rays  called  ultra-violet."  Bv 
examining  the  spectrum  we  get  a series  of  colors  the  one  merging  into 
the  other  as  follows;  red,  orange,  yellow,  green,  blue,  indigo,  and  violet. 
These  are  the  primitive  colors.  If  two  or  more  of  these  primitive  ravs 
act  on  the  same  part  of  the  retina  we  have  the  mixed  color  sensations. 
There  are  two  kinds  of  these  mixed  colors,  (1)  those  existing  in  the  spec- 
trum, and  (2)  those  that  do  not  correspond  with  the  spectrum  colors. 
Two  colors  which  mixed  together  give  the  sensation  of  white  are 
said  to  be  complementary  to  each  other,  for  example,  red  and  greenish  blue, 
violet  and  greenish  yellow,  orange  and  cyanic  blue.  If  white  light  rests 
upon  a surface  all  the  rays  may  be  absorbed  except  the  red.  If  the  red 
rays  are  reflected  then  the  color  sensation  is  red.  If  the  blue  rays  are  re- 
flected then  the  color  sensation  is  blue.  If  we  look  through  colored  glass 
all  the  rays  are  absorbed  except  the  glass  color  and  thus  th''  object  °seen 
through  the  colored  glass  seems  to  be  of  the  color  of  the  glass. 

In  the  case  of  all  the  separate  colors  we  find  that  they  possess  three 
characteristics;  (1)  they  have  a definite  tone  due  to  the  number  of  vibra- 
tions per  second;  (2)  they  possess  a definite  intensity  due  to  the  degree 
of  the  vibration.  It  is  thus  that  we  have  the  variation  in  the  color 
sensation  from  a bright  color  to  a dark  color.  (3)  They  are  all 
definitely  saturated  depending  upon  the  amount  of  white  that  is  in  the 
color.  There  is  a perfect  saturation  when  all  white  is  absent  as  in 
the  case  of  the  primitive  colors  of  the  spectrum.  We  find  historicallv 
different  theories  in  regard  to  color  perception.  Young  and  Helm- 
holtz have  formulated  an  ingenious  theory  in  regard  to  the  perception 
of  the  different  colors.  This  theory  presupposes  that  there  are  in 
the  retina  three  sets  of  nerve  fibres,  one  set  acted  on  strongly  by  the 
red  waves,  another  set  by  the  green  waves  and  a third  by  the  violet 
waves.  Each  cone  is  said  to  be  connected  with  three  of  such  nerve 
fibres.  According  to  this  the  red,  green  and  violet  are  supposed  to  be 
the  primary  sensations.  If  the  light  is  homogeneous  all  these  sen- 
sations are  excited,  but  the  intensity  of  the  sensation  depends  upon 
the  length  of  the  waves.  Long  waves  arouse  the  red  fibres,  moderate 
waves  the  green,  and  the  short  waves  the  violet,  the  other  fibres  being 
in  each  case  feebly  excited  so  that  the  sensations  are  respectively  red 
green  and  violet.  When  both  red  and  green  fibres  are  strongly 
stimulated  a sensation  of  yellow  color  is  produced.  A strong  stimulation 
of  green  and  violet  fibres  leads  to  the  sensation  of  the  blue  color.  When 
all  the  three  kinds  of  the  retinal  nerve  elements  are  equally  "stimulated 
a sensation  of  white  light  follows.  Thus  the  yellow,  blue  and  white  arc 
modified  color  sensations  depending  upon  the  blending  of  the  primary- 
color  sensations.  This  theory  seems  to  explain;  (1)  Daltonism  or  color 
blindness,  for  we  may  imagine  a person  who  cannot  appreciate  the  red 
color  as  one  in  whom  the  red  retinal  nerve  elements  are  either  absent  or 
paralyzed.  All  eyes  have  some  form  of  color  sensation  although  the  sen- 
sation for  special  colors  map  be  absent.  Color  blindness  exists  to  a large 
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extent  among-  individuals,  the  most  common  color  in  which  sensation  is 
absent  being-  the  color  of  red.  (2)  This  theory  also  accounts  for  the  fact 
that  negative  retinal  images  are  always  of  the  color  that  is  complementary 
to  the  color  of  the  object  looked  at.  Thus  if  the  eye  is  fixed  intently  for 
some  time  on  a red  surface,  the  red  nerve  elements  become  exhausted,  so 
that  when  the  eye  is  turned  on  to  a white  surface  these  elements  will  not 
respond  to  the  red  rays  in  the  white  lig-ht.  The  green  and  the  violet 
elements  will  however  respond  to  the  rays  of  the  white  lig-ht  which  affect 
them  and  so  a bluish  green  color  will  be  seen  on  the  white  surface.  By 
keeping-  the  eye  in  darkness  the  nerve  elements  stimulated  by  red  become 
exhausted  and  these  elements  do  not  act  so  as  to  produce  a red  sensation. 
The  green  and  violet  elements  have  not  been  stimulated  to  excess  with  the 
result  that  the  combination  of  these  two  by  stimulation  g-ives  us  a bluish 
green  sensation.  By  fixing- steadily  the  eyes  on  a white  surface  the  red 
nerve  elements  become  exhausted  while  the  green  and  violet  elements  be- 
come more  strongly  stimulated.  If  the  eye  is  steadily  fixed  on  a bluish 
green  surface  there  will  be  a stronger  stimulation  of  the  green  and  violet 
elements  giving  a very  strong  complementary  color. 

Heringjn-oposes  another  theory  of  color  perception.  He  claims  that 
these  color  perceptions  depencT  upon  the  different  changes  of  a molecular 
character  that  take  place  in  the  retina.  Hence  he  says  that  in  the 
metabolism  of  the  retina  we  have  the  anabolic  processes  associated  with 
blue,  green  and  black,  representing  the  constructive  processes  of  vision; 
while  the  katabolic  processes  are  associated  with  yellow,  red  and  white 
or  the  destructive  processes  of  vision.  Instead  of  the  three  pairs  of  colors 
being  complementary,  as  in  the  Young-Helmholtz  theory  they  are  the  op- 
posites. Wundt  has  produced  another  theory  according  to  which  he 
claims  that  whenever  the  retina  is  stimulated  by  light  there  is  a two-fold 
process  taking  place;  (1)  a chromatic  process  depending  on  the  length  of 
the  waves  and  producing  a tone  in  the  case  of  color;  (2)  an  achromatic  pro- 
cess also  depending  on  the  length  of  the  waves  but  connected  with  the 
intensity  of  the  color.  In  the  achromatic  stimulation  there  is  a maximum 
attained  in  the  yellow,  shading  taking  place  along  the  varying  spectrum 
colors  towards  the  ends  of  the  spectrum. 

If  we  look  at  a small  spot  on  a colored  surface  the  spot  being  black 
or  gray  or  white,  the  spot  seems  to  be  of  the  complementary  color  to  the 
ground.  For  example,  a gray  point  on  a red  surface  seems  to  be  green- 
ish blue  and  on  a blue  surface  the  same  point  would  be  pink.  These  are 
presumed  to  be  due  rather  to  the  visual  judgment  that  to  the  visual  sen- 
sation, so  that  it  is  a matter  of  visual  perception.  In  the  eyeball  there  is 
a point  which  is  the  center  of  rotation  situated  a little  behind  the  center 
°l  the  antero-posterior  axis.  Through  this  center  passes  the  antero- 
posterior axis,  also  the  vertical  and  transverse  axes  and  around  either 
one  of  these  axes  rotation  may  take  place.  To  the  eyeball  there  pass 
six  muscles  by  the  contraction  of  which  the  rotation  of  the  eyeball 
around  these  axes  is  produced.  Thus  the  eye  is  turned  outward  by 
the  external  rectus,  inward  by  the  internal  rectus,  upward  by  the 
combined  action  of  the  superior  rectus  and  inferior  oblique,  and  down- 
ward by  the  combined  action  of  the  inferior  rectus  and  superior  oblique. 
In  looking  at  any  object  both  eyes  arc  fixed  on  the  one  point  called  the  fixed 
ot  visual  point  and  a line  passing  from  the  center  of  rotation  of  the  eyeball 
is  called  the  visual  line.  By  the  two  visual  1 i lies  con  veriging  an  angle  is  form- 
ed at  the  visual  point.  In  regard  to  the  movementsof differentkinds,  wefind 


717 


the  sense  ok  vision. 


Cl)  movements,  when  the  head  is  m an  erect  position  the  visual  line  is  in  the 
du  cotton  ol  the  horizon.  (2)  Rotatory  movements  take  place  around  the 
transverse  and  vertical  axes.  In  the  rotation  of  the  eve  around  the  tran- 
svei  se  axis  the  visual  line  becomes  displaced  forming  in  connection  with 
the  ouginal  visual  line  an  angle  of  vertical  displacement.  In  the  rotation 
ol  the  eye  around  the  vertical  axis  the  visual  line  becomes  displaced  later- 
a ,Vle  an§:le  of,  lateral  displacement  being-  formed  in  connection 
w ith  the  median  plane.  In  addition  to  this  we  have  the  movements  of 
the  eyeball  in  rotation  along  with  the  vertical  or  lateral  displacement-, 
i his  1 otatoi  y movement  is  indicated  by  the  angle  formed  between  the 
transverse  and  visual  planes,  this  angle  being  called  the  angle  of  rotation. 
According  to  Listing  when  the  visual  line  changes  from  the  primarv  no- 
sition  to  a secondary  position  the  torsion  angle  in  the  secondary  position  is 
the  same  as  if  the  eye  had  moved  into  the  secondarv  position  in  rotating 
around  a fixed  axis  perpendicular  to  the  first  and  second  positions  of  the 
\ isua.1  line.  Accoi  ding  to  this  the  rotation  of  the  eye  is  always  in  the  equa- 
atorial  plane  of  theeye,  the  eye  rotation  never  being  found  around  the  an- 
tero-posterior  axis.  Normally  the  two  eyes  move  symmetrically  so  that  the 
yisuallinesaredirectedtowardsthesame  point  in  space;  although  when  look- 
ing at  anyobject  with  both  eyes  an  image  is  produced  on  each  retina,  vet 
there  isonly  one  single  sensation  experienced  as  longas  the  images  are  form- 
ed inthe  corresponding  pointsof  the  two  retinas.  Th  e two  yellows  pots  rep- 
i esent  in  normal  conditions  respectively  the  corresponding  points  in  the 
two  eyes  so  that  when  the  image  of  an  object  looked  upon  falls  on  the  two 
yellow  spots  it  is  seen  as  an  object.  The  portion  of  the  left  retina  to  the 
inside  of  the  yellow  spot  corresponds  with  the  portion  of  the  right  retina 
to  the  outside  of  the  right  yellow  spot  and  vice  versa.  If  one  eyeball  is 
displaced  by  means  of  pressure  the  images  are  not  formed  on  correspond- 
ing points  of  the  two  retinas  and  double  vision  results.  If  the  other  eye  is 
displaced  correspondingly  then  the  vision  becomes  single  as  the  image 
falls  upon  the  same  point.  There  are  thus  corresponding  points  on  the 
two  retinas,  the  two  yellow  spots  coinciding,  the  upper  and  lower  parts 
in  each  retina  corresponding  and  the  interior  of  the  left  retina  correspon- 
ding with  the  exterior  part  of  the  right  retina.  If  an  object  is  viewed 
from  a number  of  points  the  object  will  be  seen  singly  from  all  the  objec- 
tive points  provided  the  angles  from  the  points  to  the  two  eyes  are  equal. 

A line  joining  these  points  representing  the  objects  will  represent  the 
horopter  which  is  the  circular  line  connecting  different  points  in  the  visual 
field,  forming  images  on  the  corresponding  parts  of  the  retina,  or 
the  sum  of  all  the  points  seen  single  by  the  two  retinas  while  the  point 
of  fixation  remains  the  same.  All  the  points  not  included  in  the  horopter 
will  represent  points  at  which  objects  will  be  seen  double.  If  the  eye- 
balls are  so  fixed  or  acted  on  by  the  muscles  as  to  see  objects  not  in  this 
horoptric  line  there  is  a double  vision  representing  the  strabismus  or 
squinting  condition  of  the  eye,  as  distinguished  from  true  binocular  vision. 
The  eye  itself  normally  is  a mechanism  whose  movements  are  so  direct- 
ed on  the  principle  of  convergence  as  to  secure  single  vision.  There  is 
thus  not  only  the  power  of  converging  the  eyeball  so  as  to  focus  the  rays 
upon  the  yellow  spot  but  also  the  power  of  accommodating  the  vision  to 
the  object  and  its  distance.  The  rectus  externus  and  the  rectus  interims 
have  here  a function  to  discharge  of  special  importance  in  regulating  the 
convergence.  If  in  looking  at  a distant  object  the  axes  are  parallel  accom- 
modation is  suspended.  If,  however,  the  axes  are  turned  internally  there 
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is  a contraction  of  the  pupil  due  to  the  contraction  of  the  ciliary  muscles. 
The  two  eyes  rise  and  fall  tog-ether  leaving-  the  line  of  vision  in  a sing-le 
plane.  Corresponding-  to  the  retinal  points  in  the  blending-  of  imag-es 
arc  the  brain  centers  at  the  terminal  of  the  optic  nerves.  This  implies 
that  there  is  a consciousness  of  a sing-le  image  upon  the  retinas;  even 
when  the  two  images  on  the  retinas  differ  there  is  a psychic  power  of  fus- 
ing the  two  images  into  one.  When  an  object  is  photographed  on  the 
two  retinas  although  the  retina  represents  a plane  there  is  a power  to  pro- 
duce an  image  representing  all  sides  of  an  object  in  space.  Although  the 
pictures  on  the  retinas  differ  a fusion  takes  place  by  means  of  which  a 
single  object  is  seen. 


< 1)  Wheatstone  propounds  a theory  to  explain  the  singleobject  by  claim- 
ing that  when  there  are  different  pictures  they  are  reduced  to  unity  by 
the  mind  and  that  in  this  mental  diffusion  of  different  pictures  we  have 
the  basis  of  distinctions  between  depth,  solidity  and  relief.  In  this  way 
the  mental  perception  and  judgment  become  the  bases  of  space  concep- 
tion. The  objection  to  this  theory  is  that  the  mind  does  not  fuse  these 
retinal  pictures  but  the  mental  operation,has  to  do  with  ideas  based  upon 
comparison  of  objects  of  pictures  or  pictures  themselves.  (2)  Brucke’s 
theory.  According  to  this  theory  both  eyes  are  constantly  in  motion,  the 
tonyei  gence  taking  place  from  .side  to  side  so  that  the  object  is  viewed  on 
all. sides,  thus  giving  rise  to  the  sensation  of  depth,  solidity  and  relief  in 
space.  1 his  means  that  when  nervous  impressions  arise  in  connection 
with  the  muscles  of  the  eyeballs  then  there  results  a perception  of  the 
qualities  of  objects  in  space.  It  has  been  pointed  out  that  when  there  is  a 
certain  flash  of  an  object  too  rapid  for  the  production  of  convergence  there 
■ s st>h  a sensation  of  depth,  solidity  and  relief.  According  to  Wheatstone 
this  indicates  that  the  sensation  of  relief  is  immediate,  althoug'h  this  does 
not  exclude  the  nervous  impulses  which  take  place  reflexly,  however  sud- 
den the  object  may  pass  and  repass  before  the  vision.  This  fusion  of  ob- 
jects that  are  dissimilar  seems  to  depend  upon  the  physical  and  mental 
accommodation  which  by  habit  comes  to  be  most  perfect,  even  without 
distinct  consciousness.  The  sense  perceptions  of  vision  if  they  exist  for 
a definite  length  of  time  are  referred  to  as  external  objects.  ' This  de- 
pends upon  habit.  In  the  case  of  persons  who  have  been  blind  from  birth 
to  whom  sight  has  been  restored,  there  is  not  the  same  sense  of  external- 
r..  ',n  „ obJects  of  vision  as  tney  are  supposed  to  be  nearer  the  eye. 
t t rad u ally  by  a process  of  training  in  con  junction  with  the  tactile  sensa- 
tions the  sense  of  vision  becomes  familiar  with  external  objects  and  then- 
relations.  1 he  image  of  external  objects  upon  the  retina  is  inverted  and 
yet  in  sense  perception  these  objects  are  vertical.  Consciousness  is  con- 
cerned not  with  the  image  of  the  retina  but  with  the  rays  of  light  that 
pi  od uce  this  retinal  image,  as  these  rays  of  light  emanate  from  some 
luminous  object.  Even  when  different  images  are  thrown  upon  the  retina 
>\  the  i mining  of  the  eye  over  a large  object  we  are  unconscious  of  the 
\arjmg  segmental y pictures  produced  on  the  retina  and  become  conscious 
only  ot  a.  single  object,  the  movements  of  coordination  bringing  all  the 
pai  ts  of  the  object  in  succession  upon  the  central  point  of  rotation.  Ob- 
jects can  be  localized  by  their  relations  to  other  luminous  objects  in  space 
placing  the  eye  in  a definite  position  so  as  to  be  able  to  discern  those  re- 

in  a dark  ,sPace’  for  example,  we  cannot  locate  a luminous  body 
unless  there  is  another  luminous  object  with  which  to  compare  it.  r[  bus 
we  ocalize  by  observing  the  relative  position  of  objects.  If  a luminous 
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ray  of  light  falls  upon  the  retina  it  will  be  seen  as  a single  line,  even 
although  it  is  placed  upon  a number  of  rods  or  cones,  each  rod  or  cone- be- 
ing excited  by  a single  sensation.  The  same  thing  is  true  of  a surface 
whose  image  is  cast  upon  the  retina,  the  different  parts  corresponding 
with  the  portion  upon  which  the  image  falls.  All  the  separate  images  are 
blended  together  in  the  formation  of  a complex  image.  The  retina  being 
an  aiched  sui  face  when  a long  straight  line  is  seen  at  a distance  it  ap- 
pears curved.  In  regard  to  the  size  of  an  object,  especially  in  connection 
with  a small  object  judgment  is  based  upon  the  size  of  the  retinal  image 
in  relation  to  the  visual  angle.  If  on  the  other  hand  the  object  is  very 
large,  size  is  determined  in  connection  with  the  muscular  sensations  associ- 
ated with  the  movements  of  the  eye,  as  the  eye  passes  over  the  different 
points  of  the  object. 

In  regard  to  distance  the  eye  judges  (1)  from  the  size  as  determined 
by  the  angle  of  visual  observation  formed  by  the  marginal  rays  of  light 
falling  upon  the  retina;  and  (2)  from  the  intervening  objects  between  the 
object  viewed  at  a distance  and  the  eye.  In  the  case  of  a water  surface 
it  is  very  difficult  to  estimate  the  width  of  water  between  the  eye  and  a 
distant  object  because  there  are  no  intervening  objects  which  can  form  a 
basis  of  comparison.  That  this  is  the  case  can  be  easily  proved  by  look- 
ing at  a distant  shore  with  a number  of  ships  intervening  between  the 
shore  and  the  eye.  In  the  case  of  the  fixation  of  the  eye  we  determine 
the  movement  of  a body  by  the  fact  that  successive  parts  of  the  retina  are 
affected  by  the  rays  of  light  falling  upon  it  reflected  from  the  object.  In 
the  case  of  the  eye  moving  after  the  object  we  have  also  muscular  sensa- 
tions associated  with  effort;  these  sensations  are  intensified  if  the  head  or 
neck  is  moved  and  also  if  the  upper  part  of  the  bod}^  is  moved  in  connec- 
tion with  the  moving  body.  In  the  case  of  the  pupil  of  a normal  eye  it  is 
dark  and  the  internal  part  of  the  eye  is  invisible  unless  it  is  illuminated. 
This  darkness  does  not  exist  on  account  of  the  absorption  of  the  rays  of 
light  that  fall  upon  the  fundus  in  connection  with  the  choroid  tunic  of  the 
eye.  That  this  is  so  is  proved  by  the  fact  that  the  pupil  of  an  individual 
deficient  in  pigment  seems  to  be  dark  if  the  eye  is  covered  by  a black  sur- 
face with  a small  hole  before  the  pupil.  The  eye  receives  its  rays  from 
all  directions  and  if  the  eye  is  illuminated  rays  are  sent  out  from  the  eye 
in  all  directions.  If  the  eye  of  an  observer  assumes  a position  before 
the  eye  of  the  observed,  the  observed  eye  does  not  see  light  from  the  part 
of  the  visual  field  filled  b}'  the  pupil  of  the  observing  eye  and  for  this 
reason  it  doe's  not  reflect  light  into  the  observing  eye.  This  defect  is 
compensated  for  by  the  use  of  the  ophthalmoscope.  The  original  form 
of  this  instrument  is  a single  plate  or  several  plates  of  glass  placed  over 
each  other  from  which  a ray  of  light  from  a lamp  is  reflected  into  the 
eye  that  is  observed  as  the  observing  eye  looks  through  it.  This  gives 
only  an  imperfect  ophthalmoscopic  view,  hence  a concave  mirror  which 
has  a small  perforation  in  the  center  for  the  pupil  of  the  observing  eye  to 
look  through  is  commonly  made  use  of.  When  the  eye  is  examined  di- 
rectly the  mirror  is  placed  close  to  the  examined  eye  with  the  result 
that  an  image  is  seen  of  the  base  of  the  eye.  If  the  eyes  of  the  one  ob- 
serving and  the  one  examined  are  emmetropic  the  rays  of  light  as  they 
pass  from  a point  in  the  retina  of  the  examined  eye  become  parallel  in 
connection  with  the  dioptric  media  and  are  focused  on  the  retina  ot  the 
examined  eye.  If  the  eye  examined  is  myopic  the  light  rays  as  they 
pass  from  a point  of  the  retina  pass  out  from  the  eye  in  a convergent  form. 
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The  eye  of  the  person  examining-  if  emmetropic  and  unaccommodated  re- 
quires a concave  lens  in  order  that  the  base  of  the  eye  may  be  seen  distinctly. 
11  the  eye  examined  is  hypermetropic  the  rays  of  lig-ht  as  they  pass  from 
the  eye  become  divergent  and  are  focused  behind  the  retina  of  the  ex- 
amining eye  and  a convex  lens  requiresto  be  pu  tbefore  the  examining  eye 
in  order  that  the  fundus  may  be  seen  distinctly.  In  this  way  by  the  use 
of  the  ophthalmoscope  errors  in  refraction  may  be  discovered  and  meas- 
urement made  of  the  error.  It  is  essential  that  the  eye  of  the  observer 
be  unaccommodated  and  that  the  eye  be  emmetropic  or  if  not  that  the 
amount  of  the  variation  either  in  long  or  short  sight  be  known.  In  this 
latter  case  the  lens  that  is  required  to  correct  the  defect  of  refraction  in 
the  observing  eye  requires  to  be  known  in  order  to  calculate  the  error  in 
the  eye  of  the  patient.  In  order  to  render  the  eye  unaccommodated 
atropin  is  commonly  made  use  of.  In  connection  with  the  direct  ophth- 
almoscopic examination  of  the  eye  only  a small  part  of  the  retina  is  able 
to  be  seen  at  one  time  and  this  part  is  very  much  magnified.  In  order  to 
enlarge  tlm  amount  of  the  retina  that  is  seen  the  indirect  method  is  made 
use  of.  The  eye  that  is  examined  is  illumined  just  in  the  same  way  as 
in  direct  examinat:on,  but  the  mirror  and  the  eye  of  the  observer  are 
placed  at  a considerable  distance.  The  result  is  that  the  rays  of  lig-ht  as 
they  pass  from  a large  part  of  the  retina  pass  out  as  parallel  waves,  if  the 
eye  is  unaccommodate  and  emmetropic,  with  the  result  that  the  rays  are 
focussed  by  means  of  a convex  lens  close  to  the  eye  examined  with  the 
object  of  forming  a real  and  inverted  image  of  the  retina.  In  connection 
with  normal  vision  the  retinal  image  represents  the  projection  of  external 
objects  on  the  surface;  yet  we  perceive  not  only  the  surface  of  the  object 
but  also  its  solidity.  If  an  object  is  looked  at  directly  the  form  of  the 
image  is  the  same  in  monocular  and  binocular  vision.  But  if  an  object  is 
viewed  from  one  of  its  ends  we  get  an  impression  of  its  solidity  in  connec- 
tion with  binocular  vision.  This  arises  from  the  fact  that  in  order  to  the 
fixation  of  points  at  different  distances  from  the  eyes  there  must  be  a con- 
\ ergence  ot  the  visual  lines  and  the  extent  of  this  convergence  is  judged 
jy  the  muscle  contractions  that  regulate  convergence.  In  addition  to  This 
, . tw<?  eyes  look  at  a P^in  surface  of  uniform  color  the  resulting  retin- 
al image  is  the  same  in  both.  If  on  the  other  hand  the  two  eyes  look  at  a 
solid  body  the  image  that  is  formed  on  the. right  retina  differs  from  that 
loi  med  in  the  left  on  account  of  the  fact  that  the  left  eye  can  see  more  of 
the  left  part  and  the  right  eye  more  oj  the  right  part  of  an  object. 

Vision  involves  judgment  and  judgment  represents  psychic  processes. 

1 he  retina  may  be  represented  ideally  as  well  as  from  the  standpoint  of 
development  as  a projection  forward  of  the  cerebrum,  representing  a sun- 

5°r  th°  p“rp°se  of  rece*ving  the  light  rays  that  fall  upon  it 
m all  directions  so  that  from  a physiological  standpoint  the  retina,  the 
.ptic  nerve  and  the  center  of  vision  are  indissolubly  associated  together. 

1 he  esult  of  this  is  that  sight  cannot  be  said  to  be  localized  either  in  the 

r u ",  hC  °PVC  ner.ve  or  in  the  center  of  vision.  The  rays  or  waves 
o !ght  fall  upon  the  retina  and  orginate  impulses  which  pass  up  along 

1-  toiH  ‘I-™6’  W'th  the  resu!t  that  certain  parts  of  the  brain  are  stimu- 
fiiht  °n’ CC  am  scnsat,ons  bein£  aroused.  These  sensations  of 

ikn  int  • ^°me  translated  into  PercePtion  of  external  objects  and 
?o  he  1JK  5rmen-S  10  rCPi;d  ,to  .th*  regions  of  these  objects  to  cich  other, 
bodyor  ^nis  JanTSm  and  °J  thci,7 hustance  from  each  other  and  from  the 

Doayoi ganism.  In  connection  w.ththc  stimulus  of  ligtli when  applied  to  the 
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retina  there  is  the  liberation  of  energy,  associated  with  which  we  find  a 
latent  period,  a period  during-  which  the  effect  produced  by  thestimulation 
attains  a maximum,  a period  during  which  the  after  effect  of  the  stimu- 
lation continues  representing-  a period  of  fatigue  and  lastly  a period  dur- 
ing which  the  effect  of  the  stimulation  slowly  disappears.  There  is  un- 
doubtedly a latent  period  of  sensation  in  connection  with  the  retina.  The 
sensation  of  light  attains  its  maximum  quickly  especially  if  the  light  in- 
tensity is  increased;  there  are  also  variations  in  the  attainment  of  this 
maximum  in  connection  with  color,  red  light  giving  a maximum  sensation 
before  green  light.  Hence  if  the  picture  of  a white  object  passes  over  the 
retina  it  will  be  seen  to  be  colored  at  its  margin  on  account  of  the  fact  that 
the  various  elements  of  the  white  light  do  not  give  their  maximum  results 
at  the  same  time.  In  connection  with  what  are  called  recurrent  imag-es, 
if  a black  disc  containing  a white  segment  is  made  to  rotate  once  or  twice 
in  a second  and  if  the  disc  is  lighted  up  by  a bright  light  while  the  eve  is 
fixed  upon  the  rotary  axis  the  white  section  as  it  moves  has  cast  upon  it  a 
dark  shadow,  this  shadow  having  after  it  a second  shadow  and  a third, 
these  shadows  becoming  more  dim  until  they  disappear.  This  indicates 
that  when  lig-ht  is  quickly  allowed  to  fall  upon  the  retina  the  sensation 
does  not  all  at  once  attain  its  maximum,  but  attains  this  maximum  in  con- 
nection with  oscillatory  activity  on  the  part  ot  the  retina.  If  the  eye  is 
fixed  upon  a white  surface  of  uniform  whiteness  we  are  not  conscious  of 
the  lessening  of  the  sensation  intensity,  but  as  we  continue  to  look  at  the 
white  surface  the  retina  is  fatigued  and  the  lig-ht  seems  to  be  less  bright. 
The  fatigue  of  the  retina  depends  upon  the  color  of  the  light.  If  white 
light  falls  on  the  retina  the  eye  passes  through  certain  changes  in  con- 
nection with  tre  disc  so  that  the  sensation  of  white  becomes  less  distinct 
on  account  ot  the  fatigue  ot  the  retina.  After  tbe  stimulation  has  ceased 
the  sensation  continues  to  be  experienced  in  connection  with  the  eve. 
The  period  during  which  the  sensation  persists  varies,  depending  upon 
the  length  of  stimulation  and  also  upon  the  color  of  the  light  concerned 
in  the  stimulation,  the  red  light  giving  the  most  persistent  effect.  If  an 
object  looked  at  by  the  eyes  is  very  bright  the  retinal  impression  may  per- 
sist to  such  an  extent  that  the  appearance  and  even  the  color  of  the  object 
may  be  visible  for  a considerable  time  after  the  stimulus  has  ceased.  This 
is  called  the  positive  after  image  and  may  best  be  illustrated  by  closing 
the  eyes  after  gazing  at  the  sun  with  the  result  that  there  is  a perception 
of  a bright  light  spot.'  Sometimes  there  is  associated  with  this  a negative 
after  image  which  depends  upon  the  fatigued  condition  of  the  retina.  The 
difference  between  the  positive  after  image  and  the  negative  after  image 
is  that  the  latter  always  appears  in  the  complementary  color  ot  that  of  the 
object  producing  it.  If  the  eye  passes  over  a field  of  vision  from  one  part 
to  another  the  sensation  that  is  caused  by  one  part  of  the  field  is  modified 
by  the  fatigue  associated  with  the  retina  in  connection  with  the  part-of 
the  field  on  which  the  eye  rested  just  before.  The  result  of  this  is  that 
the  sensation  will  be  found  to  be  the  result  of  the  stimulation  arising  from 
the  object  looked  at  together  with  the  negative  after  image  produced  by 
the  part  looked  upon  just  before. 

Iri  connection  with  this  we  have  contrasts  in  connection  with  vision. 
Hence  one  part  of  the  field  of  vision  seems  to  be  dark  when  close  to  a 
lighter  part  and  vice  versa;  and  if  one  color  is  seen  near  to  another  color 
the  color  approaches  to  the  complementary  color.  If  the  negative  after 
images  are  not  involved  then  the  contrast  is  spoken  of  as  simultaneous  and 
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is  explained  by  the  fact  that  when  a given  part  of  the  retina  is  stimulated 
there  is  produced  in  the  contiguous  parts  a result  that  is  really  the  oppo- 
site of  that  produced  by  direct  stimulation.  The  light  rays  as  they  pass 
from  the  different  parts  in  the  visual  field  are  refracted  to  and  result  in 
the  stimulation  of  a distinct  part  of  the  retinal  surface,  giving-  us  a local 
sig-n  which  enables  us  to  localize  the  point  from  which  the  lig-ht  emanates. 
From  this  standpoint  the  form  and  the  size  of  a retinal  imag-e  enable  us  to 
judg-e  the  size  of  the  object.  This  g-ives  us  space  perception  and  it  is 
materially  assisted  by  the  muscular  sensation  in  connection  with  the 
movements  of  the  eyeball.  The  retinal  perception  of  space  can  only  ex- 
tend to  two  dimensions, the  third  dimension,  that  is,  in  reg-ard  to  the  dis- 
tance of  an  object  from  the  eye  is  not  perceived  by  the  retinal  imag-e. 
When  an  after  imag-e  of  a brig-ht  body  isimpressed  upon  the  retina  and  the 
eye  then  looks  at  a white  piece  of  paper  the  brig-ht  object  will  be  pictured 
on  the  white  surface.  If  after  this  the  eye  is  raised  and  fixed  upon  a 
brig-ht  surface  the  object  will  seem  to  be  larg-er  and  to  stand  at  a distance 
that  corresponds  with  the  size  of  the  surface.  In  this  way  the  retinal 
imag-e  may  produce  the  impression  of  different  distances  according-  to  the 
size  of  the  snrfacelooked  at.  Hence  the  perception  of  the  third  dimension  in 
space  namely,  distance,  is  not  a direct  visual  perception  but  rather  a visual 
judgment.  If  objects  are  of  such  a form  that  their  pictures  can  be  suc- 
cessively thrown  upon  the  retina  the  eye  can  judg-e  of  the  relative  size  of 
the  object,  the  retinal  surface  assuming-  the  part  of  a measure  to  which 
the  imag-es  of  the  objects  are  applied.  If  the  objects  are  of  such  a form 
that  they  cannot  be  thrown  successively  on  the  same  retinal  point  there  is 
an  error  in  judg-ment.  One  of  the  most  important  modifying-  influences 
in  connection  with  space  perception  is  the  intensity  of  the  lig-ht.  Hence 
where  objects  are  very  brig-ht  they  seem  to  be  larger  than  those  that  are 
less  bright.  This  is  spoken  of  as  irradiation  and  depends  largely  upon 
the  imperfect  condition  of  the  eye  as  an  optical  instrument,  on  account  of 
which  rays  of  light  produce  circles  of  diffusion  in  connection  with  the 
retina  and  very  luminous  objects  produce  images  that  are  not  perfectly 
outlined.  The  irradiation  effect  becomes  more  distinct  if  the  dark  part 
of  the  visual  field  in  connection  with  which  irradiation  takes  place  is  ex- 
tensive. If  the  visual  field  is  subdivided  into  small  parts  either  bv  inter- 
mediate lines  or  objects  it  seems  to  be  larger  than  if  the  same  space  is  un- 
divided. I he  reason  of  this  seems  to  be  that  as  the  eye  passes  over  a 
field  divided  up  by  lines  or  objects  the  eye  recognizes  the  subdivision  and 
its  impression  of  size  is  based  upon  these  subdivisions.  The  eve  esti- 
mates  the  size  of  lines  as  well  as  areas  and  angles  b}r  comparison  with 
othei  lines  areas  and  angles.  The  ordinary  retinal  imag-e  does  not  give 
us  any  direct  information  of  the  distance  of  an  object  from  the  eye.  Dis- 
tance is  closlv  related  to  size  in  connection  with  visual  judgment.  Hence 
it  we  know  the  size  of  an  object  its  distance  is  determined  by  the  size  of 
the  image  cast  upon  the  retina  and  on  the  other  hand  our  judgment  of 
the  size  of  an  object  depends  to  a large  extent  on  our  judgment  of  dis- 
tance. In  children  there  is  found  an  error  in  connection  with  the  appre- 
ciation of  size  and  distance,  indicating  the  absence  of  that  training  andex- 
perience  necessary  for  such  judgment.  When  the  retinal  image  assu- 
mes a familiar  form  we  interpret  its  size  and  distance  by  past  experience. 

’ ll  1,1  connectlon  Wlth  vision  i it  is  important  to  remember  that  scientifi- 
ca  y e eyes  are  often  used  in  a particular  way  as  distinguished  from 
tneir  habitual  use  with  the  result  that  vision  is  limited  on  account  of  ner- 
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V°U|  and  muscular  exhaustion.  There  is  a tendency  thus  to  limit  the 
held  of  vision  In  this  way  the  eye  becomes  a specialist  in  certain  fields 
d-fSl°fn‘i  1 he  ey.es  like  the  other  organs  of  the  body  seem  to  be  most 
pei  tect  when  the  mechanism  is  freest  without  restraint.  Hence  in  nor- 
mal vision  we  do  not  take  account  of  the  fact  that  the  eye  is  opticallv  de- 
tective and  the  forgetfulness  of  this  fact  is  an  aid  to  vision.  To  empha- 
size the  detects  ol  vision  means  the  making  of  the  eye  sensitive  under  cer- 
tdin  conditions  unfavorable  to  ordinary  vision. 


ShCTI  OAr  III.  T he  Sense  of  Hearing. 

The  ear  is  an  apparatus  constructed  forthe  purpose  of  allowing  sound 
to  stimulate  the  fibres  of  the  auditory  nerve.  In  very  simple  forms  the 
cat  is  found  in  the  invertebrates  as  a simple  hair-like-  appendage  in  con- 
nection with  a depression.  As  we  pass  to  the  higher  animals  the  ear  In- 
comes moi  e complex.  It  consists  of  the  external  ear,  formed  by  the 
concha  and  the  external  auditory  canal;  the  mid-ear,  a cavity  that  is  filled 
with  air  connected  by  the  Eustachian  tube  with  the  throat  and  divided 
i om  the  extei  nal  eai  by  the  tympanic  membrane,  this  tympanic  nlem- 
brane  being  associated  with  the  oval  fenestra  in  connection  with  a series 
of  bones  or  ossicles  called  the  malleus,  incus  and  stapes;  and  the  internal 
eai , a complex  stiucture  that  is  filled  with  fluid  including  the  vestibule, 
the  semi-circular  canals  and  the  cochlea.  The  essential  part  of  the  ap- 
paratus is  the  internal  ear,  consisting  of  three  parts,  the  three  semi- 
circular canals  and  the  cochlea,  these  two  being  connected  tog'ether  by  the 
yestibule.  The  vestibular  wall  is  penetrated  by  the  oval  fenestra,  covered 
over  by  a membrane  in  connection  with  which  we  find  the  stapes.  1 he 
vestibule  has  seven  media  of  communication  the  oval  fenestra,  the  ve>;;- 
bula  scala  of  the  cochlea  and  the  openings  of  the  semi-circular  canal.  I:i 
connection  with  the  vestibule  we  find  small  crystal  masses  to  which  the 
name  of  otolith  has  been  given  representing  the  granules  of  calcium  car- 
bonate in  the  labyrinth  of  the  ear.  In  connection  with  the  walls  we  find 
projecting  hair-like  bodies -originating  from  cells  in  connection  with  the 
terminals  of  the  vestibular  branch  of  the  auditory  nerve.  These  repre- 
sent the  specially  modified  cells  at  the  termination  of  the  fibres  of  the 
auditory  nerve.  In  connection  %vith  the  labyrinth  of  bone  we  find  a mem- 
branous labyrinth  which  consists  of  the  utricle  which  forms  the  com- 
municating medium  with  the  semi-circular  canals  and  the  saccule  that 
communicates  with  the  cochlea  duct.  The  semi-circular  canals  are  the 
horizontal,  the  posterior  vertical  and  the  anterior  vertical  which  when  ex- 
tended forms  the  ampulla.  There  is  a common  tube  by  which  the  anter- 
ior and  the  posterior  vertical  canals  communicate  with  the  vestibule.  The 
cochlea  represents  a tube  that  is  narrowed  towards  one  end  turned  around 
the  columellar  axis.  It  consists  of  two  cavities,  the  division  between  the 
two  cavities  being  found  in  connection  with  the  osseous  and  membranous 
partitions.  From  the  margin  of  the  osseous  separation  there  are  two 
slanting  membranes  which  divide  oil  the  triangular  space,  this  space  con- 
taining the  most  important  elements  of  the  auditory  organ.  From  the 
free  margin  of  the  osseous  partition  there  passes  the  basilar  membrane  in 
a transverse  direction.  There  is  a second  membrane  passing  from  the 
osseous  partition  to  the  osseous  tubular  wall.  In  this  way  the  cochlea 
tube  is  separated  into  three  parts,  the  vestibular  scala  that  communicates 
with  the  vestibule,  the  tympanic  scala  that  communicates  with  the  tym- 


THE  SENSE  OF  HEARING. 


724 


pan  uni  and  an  intermediate  scala  lying-  between  these  two.  Between  the 
basilar  membrane  and  Reissners  membrane  there  is  a space  which  is 
called  the  cochlear  canal  and  in  connection  with  the  basilar  membrane  we 
find  the  corti  rods  representing-  a number  of  arches  that  bear  up  cells 
with  hair  like  projections  which  represent  the  vibratory  parts  of  the  audi- 
tory org-an.  These  corti  rods  bear  up  a number  of  cells  called  hair  cells. 
In  the  human  subject  there  are  six  rows  of  these  cells  one  over  the  inter 
nal  and  the  remainder  over  the  external  cells.  In  the  internal  ear  we  find 
two  membranous  sacs  in  communication  with  one  another  by  means  of  a 
duct,  the  smaller  sac  or  utricle  is  in  connection  with  the  semi-circular 
canals  while  the  larg-er  sac  or  sacculus  is  in  connection  with  the  cochlea 
duct.  These  parts  of  the  membranous  labyrinth  are  encased  in  cavities 
in  connection  with  the  petrous  part  of  the  temporal  bone.  Between  the 
membranous  and  the  osseous  partition  is  found  the  perilymph  and  in  the 
internal  partof  the  membranouslabyrinth  isthe.endo-lymph.  In  connection 
with  the  walls  of  the  utricle,  the  sacculeandthesemi-circular canalswefind 
three  layers,  one  of  connective  tissue,  one  of  hyaloid  membrane  and  one  of 
the  tesselated  epithelium.  As  the  fibres  of  the  auditory  nerve  come  into 
connection  with  the  labyrinth  modification  takes  place  in  connection  with 
the  cristae  acusticae.  At  these  points  the  connective  tissue  and  hyaloid 
layers  become  more  dense  and  the  tesselated  epithelium  becomes  cylindri- 
cal becoming-  neuro-epithclial.  In  connection  with  this  neuro-epithelium 
we  find  elong-ated  cells  and  also  hair  cells  on  the  upper  part  of  the  epithel- 
ial layer,  the  upper  surface  having-  a number  of  delicate  fibres  which  form 
the  auditory  hairs.  It  is  in  connection  with  these  hair  cells  that  we  find 
the  nerve  fibres.  As  the  fibres  of  the  vestibular  branch  of  the  auditory 
nerve  pass  into  the  epithelium  they  lose  their  medullation,  the  axis  cylin- 
der passing  along  the  margin  of  the  hair  cells  and  forming  a terminal  or- 
gan in  connection  with  those  hair  cells.  The  cochlear  branch  of  the 
auditory  nerve  passes  into  the  cochlear  axis,  its  branches  passing  to 
the  osseous  partition  at  its  root  where  the  fibres  pass  into  a mass  of  cells 
turning  around  the  cochlearaxis.  Out  of  this  ganglionic  mass  the  fibres 
pass  in  connection  with  the  plexus- towards  the  tympanic  limb  where  they 
..ease  jo  be  medullated  and  terminate  in  the  epithelium.  In  connection 
wiili  the  middle  ear  the  tympanic  mucous  membrane  consists  ot  connec- 
tive  tissue.  It  is  covered  by  a sing-le  layer  of  ciliated  epithelium  except 
on  ihe  roof  the  ossicles  and  the  tympanic  membrane.  The  blood  vessels 
that  are  found  in  connection  with  the  tympanic  cavity  form  a plexus 
whose  meshes  are  narrow,  the  minute  blood  vessels  being  twisted  around 
the  glands.  In  connection  with  the  external  ear  the  drum  consists  of  a 
layer  of  connective  tissue  which  are  found  to  radiate  in  bundles  on  the  up- 
per surface  becoming  continuous  with  the  .periosteum  of  the  tvmpantic 
prouves.  Around  the  surface  close  to  the  tympanum  are  found  circular 
fibres  while  the  drum  is  covered  on  the  internal  surface  by  the  tympanic 
mucous  membrane  and  on  the  external  surface  by  a part  of  the  lining- 
membrane  that  is  found  in  connection  withthe  auditory  meatus.  In  the 
external  auditory  passage  we  find  the  ceruminous  glands.  These  glands 
are  very  similar  to  sweat  glands,  the  ducts  beingfound  to  possess  epithelial 
cells  w bile  the  main  part  of  the  gland  has  the  cuticle  cells  that  rest  upon  a 
membrane  external  to  which  we  find  the  unstriped  muscle.  They  differ 
I rora  the  sweat  glands  in  the  fact  that  they  have  a wider  bore  and  that 
their  cells  contain  pigmentary  granules  and  fat  globules.  The  wax  that 
) a secreted  in  connection  with  these  glands  is  found  to  consist  of  fatty 
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particles,  pigment  and  fatty  cells.  The  external  and  middle  ears  dis- 
chai  ge  the  function  of  collecting:  and  modifying  the  sound  waves.  Sound 
is  produced  by  the  vibrations  of  an  elastic  body  or  bodies  and  transmitted 
oscUhSions  t media,  usualiy  the  air.  These  vibrations  consist  of 


. ...  , If  these  vibrations  are  communicated  to  the  ear  with  nrooer 

1 apidity  and  with  sufticient  intensity  the  result  produced  is 


sen- 


air.  Sound  trav- 


sation.  - ^ sound 

Sound  travels  to  the  ear  usually  in  connection  with  the 
els  much  faster  in  water  than  in  the  air  and  still  more  rapidly  along  "any 
solid  substance  capable  of  vibration.  In  connection  with  an  elastic  body 
molecular  movements  forms  the  basis  of  vibrations.  As  the  vibration 
passes  along  a medium  the  different  parts  of  the  medium  pass  throu-h 
the  same  modifications,  the  waves  passing  along  all  the  different  parts. 
1 he  distance  between  two  points  in  the  vibrating  body  is  called  the  Wave 
length  and  it  is  found  at  the  same  period  in  the  same  vibrating  phase;  it  is 
also  constant  for  the  same  time  in  a definite  medium  if  the  vibrations  are 
equal  in  number.  From  a physical  standpoint  there  are  two  classes  of 
sounds,  noises  and  musical  sounds.  If  the  vibrations 
elastic  body  are  periodic,  that  is,  if  every  vibration  is 
arated  from  the  preceding  and  the  succeeding  vibration 
the  same  interval  of  time  the  resulting 
Non-periodic  vibrations  produce  non-musical 


succeeding 
sound 
notes 


of  an 
sep- 
by 

is  a musical  tone. 

, 1 _ or  noises.  A noise 

may  also  be  pi  oduced  by  the  clashing  together  of  a number  of  musical 
tones.  The  pitch  of  a sound  depends  upon  the  wave  length,  the  shorter 
the  wave,  that  is  the  greater  the  number  produced  in  a given  moment  of 
time  the  higher  the  pitch  and  vice  versa.  The  intensity  of  the  sound  de- 
pends upon  the  amplitude  or  height  of  the  wave.  The  greater  the  ampli- 
tude the  lower  the  sound  is.  The  timbre,  quality  or  klang  of  a sound  is 
the  peculiar  character  of  the  sound  according  to  which  we  are  able  to 
i ecognize  it  as  produced  in  a particular  manner,  forexample,  by  the  human 
voice,  the  piano,  the  violin,  etc.  It  depends  upon  the  complexity  of  the 
waves  and  upon  the  union  with  the  fundamental  or  kejmote  of  the  upper 
notes.  Hearing  is  a sensation  produced  by  the  stimulation  of  the  auditory 
nerve  under  the  influence  of  the  vibrations  of  sounding  bodies.  In  the  ex- 
ternal ear  we  find  the  auificle,  and  the  external  auditory  meatus  or  canal  at 
the  end  of  which  we  find  the  drum  head.  The  auricle  of  the  human  ear 
is  irregularly  shaped.  If  these  irregular  surfaces  are  filled  up  with  wax 
or  other  soft  substances  sounds  are  not  distinctly  heard  on  account  of  the 
weakening  of  the  sound.  When  the  waves  fall  upon  the  auricle  some  of 
them  are  reflected  outwards  and  others  reflected  inward  towards  the 
auditory  canal.  Along  the  canal  the  vibrations  are  transmitted  by  the 
walls  and  also  by  the  passage  of  air  to  the  tympanic  membrane.  Even  if 
the  auricle  is  absent  there  is  not  necessarily  any  loss  of  hearing,  the 
waves  being  passed  along  the  canal  to  the  tympanic  membrane.  The 
middle  ear  represents  a small  cavity  whose  walls  are  solid  except  the 
tympanic  membrane  and  the  membrane  that  is  associated  with  the  round 
and  the  oval  fenestrae.  The  middle  ear  communicates  with  the  pharynx 
through  the  eustachian  tubes  constituting  an  air  passage  between  the 
pharynx  and  the  tympanum  in  connection  with  the  regulation  of  pressure 
upon  the  tympanic  membrane.  This  passage  is  closed  during  the  resting 
condition  and  open  or  partially  opened  during  deglutition.  The  air  pres- 
sure in  the  tympanum  is  preserved  in  a condition  of  equilibrium  with  the 
external  ear  which  acts  on  the  external  part  of  the  tympanic  membrane 
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so  that  the  tympanic  membrane  does  not  depend  upon  changes  in  the 
pressure  of  the  atmosphere.  If  a forcible  expiration  admits  air  that  is 
driven  forcibly  into  the  tympanum,  there  is  produced  a characteristic  crack- 
ing sound  in  the  ear.  Similarly  a forced  inspiration,  associated  with  deglu- 
tition, draws  air  away  from  the  tympanum,  producing  a cracking  sound, 
causing  temporary  occlusion.  In  both  cases,  on  account  of  the  tension  of 
the  membrane,  there  is  a temporary  deafness.  If  the  occlusion  becomes  per- 
manent, permanent  deafness  results.  In  these  cases,  the  tympanic  tension  is 
increased,  but  it  is  lessened  in  connection  with  the  absorption  of  oxygen  from 
the  blood.  It  is  necessary  that  the  tube  be  closed,  except  during  the  pro- 
cess of  swallowing,  in  order  that  the  sound  waves  may  be  transmitted  from 
the  tympanic  membrane  to  the  internal  ear,  because  if  closure  did  not  take 
place  there  would  be  found  a change  in  pressure  on  the  internal  surface  of 
the  tympanic  membrane  at  each  respiration,  resulting  in  the  weakening  of 
the  sound.  The  tympanic  membrane  is  made  to  vibrate  when  a sound  of  an 
audible  nature  and  of  a definite  pitch  is  produced.  The  membrane  gives 
response  in  connection  with  the  vibrations,  their  number  indicating  pitch, 
their  intensity  the  loudness,  and  the  character  of  the  vibrations  the^timbre! 
The  tympanic  membrane  is  fixed  to  the  manubrium,  the  result  being  that 
resistance  is  offered  to  the  vibrations  of  the  membrane,  lessening  the  inten- 
sity of  the  vibration  and  causing  the  membrane  to  cease  vibrating  when  the 
external  vibration  ceases.  The  membrane  tension  varies  according  to  the 
varying  pressure  upon  the  two  membrane  surfaces  and  by  the  contraction  of 
the  tensor  tympani  muscle.  When  the  muscle  relaxes  the  membrane  as- 
sumes its  normal  position.  rThis  constitutes  the  power  of  varying  the  mem- 
brane tension  for  the  purpose  of  receiving  sounds  varying  in  pftch,  as  the 

difference  in  tension  makes  it  more  easy  to  respond  readily,  and  if 

relaxed  low  sound  will  call  forth  a response  more  readily.  The  special 
form  of  the  membrane  in  the  arrangement  of  the  radiating  fibres 
makes  provision  for  the  convexity  of  the  membrane  towards  the  tym- 
panum, while  the  bands  of  fibres  are  convex  towards  the  external 
auditory  canal.  This  increases  the  force  of  the  vibrations.  The 
vibrations  of  the  membrane  are  communicated  to  the  internal  ear  by 

means  of  the  air  in  connection  with  the  tympanum  and  by  the  arrangement 

u r 1 bones  the  malleus,  incus  and  stapes  forming  a lever,  the  incus  being 
the  fulcrum,  the  power  being  in  the  malleus  and  the  resistance  in  the  stapes! 
This  tends  to  lessen  the  extent  of  the  vibrations  while  increasing  the  force. 
In  the  transmission  of  vibrations  of  the  tympanic  membrane  from  the  mem- 
brane  to  the  internal  fluid  of  the  labyrinth  the  chain  of  bone  vibrates  as  a 
who  e.  The  sound  wave  exerts  pressure  upon  the  tympanum,  the  drum 
head  moving  inward  and  the  malleus  being  borne  inward  along  with  it  at 
least  the  handle  of  the  malleus,  while  the  head  moves  outward  along  with 
the  incus,  the  long  process  of  which  passes  inward.  By  this  movement  the 
stapes  is  pushed  into  the  open  cavity.  The  connection  of  the  malleus  and 
incus  is  such  that  when  the  head  of  the  malleus  moves  the  incus  is  taken 
along  with  it.  By  the  movement  outward  of  the  drum  head  on  account  of 

^fidl7fRUtl°n  °f  thCr  p£essure  °f  the  sonorous  wave  on  its  external  surface 
we  find  the  reverse  of  these  modifications  taking  place,  while  the  head  of 

GUS  ? ‘"I115  S?paratG  fr°m  each  other’  the  incus  bearing  along 

with  ,t  the  stapes,  so  that  there  is  prevented  the  sudden  movement  outward 
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of  the  drym  head.  The  drum  head  is  peculiar  in  form.  The  funnel  shape 
of  it  and  its  structure  of  small  membranes  permits  of  its  action  in  parts 
the  tension  varying,  being  greatest  at  the  middle  of  the  membrane 
and  least  at  the  sides.  In  this  way  the  drum  head  is  able  to  transmit  several 
tones,  having  no  intrinsic  tone  of  its  own.  The  drum  head  is  so  solid  and  so 
completely  weighted  in  connection  with  the  chain  of  bones,  that  vibration 
ceases  as  soon  as  the  producing  cause  of  the  vibration  ceases.  Hence,  as 
soon  as  the  external  vibration  ceases,  the  drum  head  ceases  to  respond  on 
account  of  its  rigidity  and  its  close  and  solid  connection  with  the  bones.  The 
bones  of  the  head  act  as  conductors  of  sound  to  the  ear.  If  a watch  is 
placed  between  the  teeth  its  sounds  can  be  heard  distinctly  even  if  the  ears 
are  stopped,  although  the  sound  is  not  heard  for  such  a length  of  time.  The 
sound  vibrations  may  reach  the  fluids  in  the  internal  ear  either  by  the  bony 
walls  'of  the  labarynth  or  by  the  air  in  the  tympanic  cavity  acting  in  connec- 
tion with  the  round  fenestra,  or  by  the  base  of  the  stapes  placed  in  the  oval 
cavity.  In  normal  hearing  the  vibrations  are  transmitted  by  the  chain  of 
bones.  If  the  base  of  the  stapes  is  pressed  into  the  oval  fenestra,  the  laby- 
rihTiTpressure  is  increased,  with  the  result  that  the  impulse  is  made  to  pass 
along  the  vestibular  passages  to  the  tympanic  passage,  and  on  account  of 
the  fact  that  the  only  part  of  the  wall  of  the  labyrinth  that  is  movable  is  the 
membrane  over  the  round  fenestra,  this  membrane  is  pressed  outward. 
If  the  base  of  the  stapes  is  pressed  outward,  the  opposite  of  this  takes 
place.  In  this  way  the  labyrinth  fluid  may  receive  a number  of  impulses 
corresponding  with  the  motions  that  are  associated  with  the  base  of  the 
stapes,  these  impulses  being  imparted  to  the  terminal  apparatus  in  connection 
with  audition.  The  membrane  of  the  labyrinth  is  small,  being  only  about 
one-tenth  of  an  inch  in  diameter  at  its  widest  part  so  that  the  vibrations  must 
be  transmitted  by  impulses  varying  in  character,  the  complex  character  of 
which  is  unknown. 

Sonorous  vibrations  must,  in  order  to  produce  a sensation  of  sound, 
reach  and  stimulate  the  terminations  of  the  auditory  nerve  on  the  internal 
ear.  They  may  reach  the  internal  ear  through  the  bones  of  the  skull  as 
when  a tuning  fork  is  placed  in  contact  with  the  head ; but  as  a rule  the 
sound  waves  travel  through  the  air  and  reach  the  internal  ear  after  passing 
through  the  middle  and  external  ears.  The  sonorous  vibrations  are  col- 
lected, therefore,  in  the  pinna,  passed  down  the  external  auditory  meatus 
and  strike  against  the  tympanic  membrane  in  the  oval  window.  This  is 
thrown  into  vibration  and  the  vibrations  are  communicated  to  the  air  in  the 
middle  ear  by  which  they  are  conveyed  to  the  secondary  tympanic  mem- 
brane. This  is  thrown  into  vibrations.  Of  much  more  importance  is  the 
fact  that  the  tympanic  membrane  by  its  oscillations  causes  the  bridge  of 
ossicles  to  be  thrown  into  vibrations.  The  oscillations  of  the  tympanic 
membrane  are  communicated  to  the  malleus  from  which  they  pass  to  the 
incus  and  thence  to  the  stapes.  The  bones  of  the  stapes  are  thus 
alternately  driven  inward  and  outward,  striking  against  and  setting 
up  waves  in  the  perilymph  of  the  internal  ear.  Through  this 
the  waves  reach  the  membranous  labyrinth,  the  auricle  and  the 
semicircular  canals,  striking  the  endolymph  and  stimulating  the  hairs  of 
the  columnar  cells  in  connection  with  the  fibres  of  the  auditory  nerve.  The 
vibrations  of  the  perilymph  also  pass  forward  along  the  scala  vestibuli 
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through  the  helicotrema  or  opening  between  the  two  scalae  of  the  cochlea, 
dowrr the  scala  tympani  as  far  as  the  secondary  tympanic  membrane  in  the 
fenestra  retunda.  As  the  vibrations  pass  along  the  two  scalae  they  are  com- 
municated to  the  endolymph  in  the  membranous  cochlea  and  so  to  the  hairy 
gells  of  the  organs  of  Corti.  Through  these  again  the  fibres  of  the  auditory 
nerve  are  stimulated.  The  internal  ear  has  little  or  no  physiological  function 
beyond  the  mere  transmission  of  the  sound  waves.  The  bridge  of  ossicles 
has  the  function  of  conducting  the  vibrations  of  the  tympanic  membrane  to 
the  external  ear.  We  have  seen  that  in  doing  so  it  acts  as  a lever  diminish- 
ing the  extent  of  the  vibration  in  the  proportion  of  three  to  two,  but  increas- 
ing their  force  in  the  proportion  of  two  to  three.  Further  the  attachment  of 
the  handle  of  the  malleus  to  the  tympanic  membrane  prevents  the  latter 
from  continuing  to  vibrate  after  the  waves  of  sound  have  ceased  to  fall  upon  it. 
The  tensor  tympanic  muscles  by  its  contraction  pulls  inward  the  handle  of  the 
malleus  and  so  makes  more  tense  the  tympanic  membrane.  Hence  by  varying 
the  conditions  of  the  tensor  tympani  muscle  the  membrane  is  accommodated 
to  sounds  of  varying  pitch.  The  stapedius  muscle  tends  to  draw  the  head  of 
the  stapes  backward  by  its  contraction  and  thus  to  separate  partially  the  stapes 
from  contact  with  the  long  process  of  the  incus.  At  the  same  time  it  will 
hold  fast  or  fix  the  stapes  or  at  least  diminish  the  range  of  movement.  Thus 
by  its  action  the  stapedius  muscle  will  save  the  delicate  structure  in  the  in- 
ternal ear  from  vibrations  of  so  excessive  a degree  that  they  might  be 
injured  by  them.  The  Eustachian  tube  admits  the  air  into  the  middle  ear 
and  through  its  agency  the  pressure  on  the  two  sides  of  the  tympanic  mem- 
brane is  kept  uniform.  If  this  was  not  the  case  difficulty  of  hearing  would 
be  produced. 

Nothing  certain  is  known  of  the  special  functions  of  the  different  parts 
of  the  internal  ear.  It  is  generally  stated  that  the  semicircular  canals  have 
to  do  with  the  judgment  of  the  direction  from  which  sounds  proceed. 
Formerly  it  was  thought  that  the  rods  of  Corti  were  associated  closely  with 
the  appreciation  of  the  pitch  of  sound,  each  note  having  a particular  rod  or 
rods  which  it  threw  into  vibration.  This  is  not  the  case  because  the  rods 
are  non-vibratic  structures.  It  has  been  suggested  that  the  basilar  mem- 
brane is  as  it  were  strung  up  to  different  degrees  of  tension  at  different 
levels  and  that  any  particular  sound  causes  the  vibration  of  that  particular 
part  of  the  basilar  membrane  which  is  tuned  to  that  sound.  In  other  words, 
different  parts  of  the  basilar  membrane  respond  to  sounds  of  different  pitch, 
while  perhaps  the  rods  of  Corti  act  as  a deafening  apparatus  to  the  basilar 
membrane.  In  order  to  excite  the  auditory  nerve  so  as  to  produce  a sensa- 
tion, there  are  three  essential  conditions,  ( I ) there  must  be  a definite  amplitude 
in  the  vibrations;  (2)  there  must  be  a definite  duration  in  connection  with 
the  impulse.  If  the  duration  is  shorter  than  one-thirtieth  part  of  a second 
or  if  it  is  greater  than  one-forty-thousandth  part  of  a second  the  impulse  will 
fall  within  the  necessary  limits;  (3)  There  must  be  a definite  number  of 
impulses  within  a specific  limit  of  time  in  order  to  have  a tone  sensation. 
The  limit  between  the  maximum  and  the  minimum  has  been  placed  at  thirty 
thousand  and  thirty  vibrations  per  second.  Above  or  below  these  limits 
sounds  are  not  detected  by  the  ears.  In  the  case  of  the  highest  audible 
sound  Koenig  has  shown  that  the  wave  length  is  about  ten  millimeters.  The 
strongest  tones  are  found  in  connection  with  small  tuning  forks  in  connection 
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with  which  vibrations  of  40,000  in  connection  with  tone  have  been  heard. 
Ordinary  individuals  can  detect  a tone  varying  from  5,000  to  30,000  vibra- 
tions. In  these  cases  of  a simple  tone  we  find  that  it  depends  upon  variation 
m pressure  of  the  atmosphere  close  to  the  ear.  The  air  vibrations  may  be 
either  simple  harmonic  or  they  may  be  in  elliptical  orbits  produced  by  the 
combination  of  two  simple  harmonic  vibrations.  The  variations  in  air  pres- 
sure close  to  the  ear  depend  upon  the  law  of  harmonic  motion,  which  is  that 
the  velocity  of  the  air  and  of  the  vibrator  in  the  region  is  infinitesimally  small 
as  compared  with  the  velocity  of  the  sound.  If  this  law  is  followed  we  have 
simple  harmony  in  tone,  if  it  is  not  observed  and  the  air  passes  with  great 
velocity  past  the  margin  of  the  vibrating  body  then  the  tones  are  harsh  and 
deep.  A sound  may  be  characterized  by  its  loudness  or  it  may  give  a 
characteristic  pitch.  In  addition  to  this  the  quality  or  the  timbre  of  a sound 
may  be  peculiar.  The  intensity  of  sound  depends  upon  the  extent  of  the 
amplitude  in  connection  with  the  vibrations.  The  result  is  that  the  stimula- 
tion of  the  terminal  organ  will  depend  upon  the  amplitude.  A weak  sound 
will  not  cause  so  great  a vibration  as  a strong  sound.  Sound  pitch  depends 
upon  the  number  of  vibrations  that  are  found  within  a certain  period  of  time. 
Relative  pitch  is  determined  by  the  relation  of  one  sound  to  another,  in  some 
cases  this  being  determined  by  the  memory  of  former  sounds.  The  quality 
or  timbre  of  sound  enables  us  to  determine  the  origin  of  the  sound  or  its  re- 
lation to  a particular  instrument  that  produces  the  sound.  This  depends 
upon  the  form  that  is  assumes  by  the  sonorous  wave  or  the  wave  of  vibration. 

In  order  to  appreciate  the  quality  of  sound  there  must  be  a mechanism 
associated  with  the  ear  capable  of  analyzing  complex  waves  of  sound  into 
the  more  simple  vibrations.  A sound  is  considered  to  possess  a certain 
pitch,  this  being  determined  by  the  vibrations  of  a particular  key  tone  or 
fundamental  tone.  The  quality  of  the  sound  is  determined  by  the  relation 
of  this  fundamental  tone  to  the  number  and  the  intensity  of  the 
other  tones,  which  are  called  in  relation  to  fundamental  tone  overtones.  The 
connection  of  these  overtones  to  the  primary  tone  is  simple,  the  number  of 
vibrations  being  multiple  of  the  primary  tone.  A harmony  represents  a sound 
in  connection  with  which  the  changes  that  are  found  in  the  air  pressure  are 
periodical.  Wherever  there  is  periodical  vibration  in  quantity,  we  find  the 
sum  of  quantities  that  vary  separately  on  the  basis  of  the  simple  harmonic 
law,  the  periods  representing  a full  period,  a half  period,  a third  period,  a 
fourth  period,  etc.  According  to  this,  the  changes  that  are  found  in  the  air 
pressure  of  a harmony  represents  the  sum  of  the  variations  in  connection 
with  the  simple  tones.  Thus  a harmony  consists  of  simple  tones.  The 
quality  of  a harmony  is  determined  by  the  amplitude  of  the  tones  which 
constitute  it,  and  also  by  the  period  of  the  tones  and  the  relations  sustained 
by  the  different  variations.  Tone  relations  are  studied  by  means  or  tuning 
forks.  In  the  combination  of  sounds  in  connection  with  a number  of  tun- 
ing forks,  whose  vibrational  numbers  are  represented  by  multiples  of  the 
first  tuning  fork,  we  get  various  qualities  of  tone  and  are  able  to  determine 
the  increase  of  intensity  in  one  tone  as  compared  with  another.  Compound 
tones  may  be  analyzed  by  the  use  of  resonators  in  connection  with  the  ear. 
It  is  not  definitely  known  what  takes  place  in  connection  with  the  fluid 
as  it  vibrates  in  the  labyrinth,  nor  is  it  known  how  these  vibrations 
affect  the  terminal  organs  in  connection  with  the  auditory  nerve. 
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Its  action  is  mechanical,  the  impulse  being  imparted  to  minute 
processes,  which,  by  their  motion,  produce  stimulation  of  the  nerve 
fibres.  There  are  said  to  be  about  three  thousand  minute  arches  in 
in  connection  with  the  Corti  rods.  Each  of  these  arches  is  supported  by  the 
basilar  membrane  forming  a base  for  cells  arranged  in  layers  with  cilia-like 
processes.  The  fibres  of  the  Cochlear  branch  of  the  auditory  nerve  end  in 
these  minute  cells  associated  with  the  basilar  membrane.  Helmnoltz  sup- 
posed that  the  fibre  roots  of  Corti  were  elastic,  all  of  these  fibres  being 
attuned  to  represent  all  the  possible  audible  tones  found  in  connection  with 
the  ear.  Thus  3,000  fibres  give  us  7 octaves  of  tones  with  about  430  fibres 
to  an  octave.  According  to  this  theory  when  a vibration  reaches  the  ear  it 
arouses  the  fibres  which  are  tuned  to  its  pitch.  In  the  case  of  different 
fibres  attuned  to  different  tones  we  have  an  apparatus  which  in  connection 
with  stimulation  of  the  different  nerve  fibres  produces  pitch  sensations.  If 
there  is  a compound  sound  representing  different  vibrations  then  the  ear  may 
analyze  this  compound  sound  into  the  simple  tones  corresponding  with  the 
fibres  tuning.  In  this  way  we  are  said  to  have  the  sensation  of  pitch.  This 
can  be  done  only  if  different  fibres  give  a response  to  the  different  sound 
vibrations,  the  one  in  connection  with  the  primary  tone  being  the  strongest 
with  the  result  that  the  sensation  of  a particular  pitch  is  given  while  the 
others  being  feebler  give  different  sensations  which  are  united  together  in 
connection  with  the  production  of  a complex  sensation.  An  objection  has 
been  taken  to  this  theory  for  the  reason  that  33  of  the  Corti  fibres  in  con- 
nection with  a semitone  do  not  give  us  sufficient  variations  in  connection 
with  pitch  ; this  objection  is  based  upon  the  fact  that  musicians  can  detect 
differences  of  one  sixty-fourth  of  a semitone,  whereas,  according  to  this 
theory,  there  can  be  but  36  variations  to  the  semitone.  Helmholtz  in 
answer  to  this,  stated  that  if  a sound  is  produced  which  does  not  correspond 
with  the  pitch  of  any  fibre  it  will  arouse  the  two  fibres  between  which  it  lies, 
the  vibration  coming  nearest  to  the  sound  pitch  having  the  greater  intensity 
and  consequently  prevailing.  In  this  way  the  pitch  of  the  sound  can  be 
easily  appreciated. 

Hensen  has  confirmed  this  theory  by  discovering  delicate  hair  pro- 
cesses in  connection  with  the  antennae  of  the  Mysis  in  connection  with  the 
microscope,  these  processes  being  subjected  to  vibrations  by  the  use  of  a 
key.  He  found  that  when  certain  tones  were  produced  certain  hairs  vibra- 
ted, indicating  the  basal  tract  of  the  Helmholtz  theory  to  be  true.  Recent 
histological  investigations  have  raised  an  objection  to  this  theory  in  the  fact 
that  the  Corti  rods  are  not  flexible,  and  hence  not  physiologically  capable 
of  vibrating  but  forming  a base  for  the  support  of  the  minute  hair  .cells. 
Helmholtz  suggested  that  the  basilar  membrane  segments  are  stretched 
radially  more  than  longitudinally,  and  in  connection  with  the  radial  stretch- 
ing different  tension  degrees  are  developed,  rendering  it  possible  to 
appreciate  different  degrees  of  sound.  When  these  vibrations  are 
brought  in  connection  with  the  fibres,  in  whatever  way  this  connection 
is  established,  they  must  be  communicated  to  the  brain.  As  each 
auditory  fibre  comes  from  the  cochlea  it  will  be  stimulated  by  its  own 
hair  processes  or  cells,  each  fibre  carrying  impulses  corresponding  with 
the  intensity  of  the  vibration.  In  this  way  impulses  varying  in  number 
and  character  will  be  carried  to  the  brain  cells  producing  sensations  of 
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sound  differing  in  pitch.  Some  question  the  capacity  of  the  ear  to  annrp. 
ciate  the  vibratory  phases  in  the  case  of  two  or  more  tones  being  sounded 
ogether.  Helmholtz  thinks*  that  the  ear  only  takes  account  of  vibrations 
vwthout  recognizing  any  variations  in  the  form  of  the  waves.  He  claims 
that  by  sounding  different  tuning  forks  at  different  periods  of  time  no  differ- 

otherhTnd m jhe  tone  Lord  Kelvin  maintains  on  the 

other  hand  that  the  ear  does  appreciate  difference  in  phase.  By  usinsr  the 

sharp  and  flat  topped  and  the  flat  and  sharp  hollowed  curves,  he  proved  that 
the  ear  can  distinguish  the  quality  of  tones.  According  to  this  the  ear  dis- 
tinguishes between  the  pull  and  the  pressure  in  connection  with  the  tym- 
panum and  in  this  way  is  able  to  distinguish  harmonic  relations.  Normally 
the  auditory  sensations  are  supposed  to  refer  to  the  external  world,  the  brain 
when  a sound  is  heard,  associating  the  sound  with  an  external’ producing 
cause,  1 his  seems  to  indicate  the  passage  of  the  sound  through  the  tym- 
panic membrane.  If  the  head  is  placed  in  water,  then  the  sounds  that’are 
caused  to  pass  through  the  cranial  walls  must  travel  through  these  walls  and 
they  seem  to  be  associated  with  the  whole  body.  Hence  it  is  suggested  that 
the  reference  of  sound  sensations  to  an  external  origin  is  due  to  a custom 
There  is  not  the  same  sensibility  to  all  sounds,  the  ear  being  more  sensitive 
to  acute  sounds,  although  the  sensitiveness  varies  in  different  individuals. 
This  power  of  appreciating  differences  in  pitch  depends  very  largely  upon 
habit  and  especially  upon  training.  Auditory  sensations  persist  after  the 
exciting  cause  has  been  removed,  so  that  if  we  find  a number  of  distinct 
vibrations,  these  may  give  rise  to  separate  sensations  or  if  they  follow  each 
other  very  rapidly  may  give  rise  to  a fused  sensation.  The  fact.that  we  hear 
with  two  ears  does  not  appreciably  affect  the  auditory  sensation.  It  is 
probable  that  the  double  organ  assists  in  hearing  sounds,  especially  in  local- 
izing the  origin  of  a sound. 

It  has  been  stated  that  normally  there  is  a difference  in  the  capacity  of 
appreciating  sounds  in  the  two  ears.  This  has  not  been  proved,  however,  as 
two  tones  of  similar  intensity  at  the  same  distance  from  the  two  ears  are 
appreciated  as  a single  auditory  sensation.  It  is  not  easy  to  find  out  whether 
stimulations  of  corresponding  elements  in  connection  with  the  two  ears  can 
be  separately  distinguished.  There  is  probably  the  power  of  distinction  of 
the  variation  is  sufficient  to  form  the  basis  of  such  a distinction.  It  is  not 
only  possible  to  have  single  sensations,  but  it  is  also  possible  to  have  simul- 
taneous sensations,  as  in  the  case  of  musical  harmony.  In  the  combination 
of  sounds,  as  in  music,  there  is  in  the  ear  the  capacity  of  separating  the 
auditory  sensations,  at  least  where  the  single  sensations  are  distinct  enough 
to  be  perceived.  Concord  depends  on  the  agreeable  sensation  resulting 
from  the  reception  of  two  or  more  miscellaneous  tones  in  the  ear,  discord 
representing  the  disagreeable  sensations  resulting  from  the  same  cause. 
These  depend  upon  the  proportion  of  the  vibrations  in  the  case  of  two  tones. 
The  most  generally  accepted  theory  in  regard  to  auditory  sensation  takes 
for  granted  that  the  vibrations  in  connection  with  the  perilymph  and  endo- 
lymph  or  either  of  these  two  are  communicated  to  the  basilar  membrane. 
This  membranous  structure  is  analogous  to  a wire  sheet,  after  the  fashion  of 
the  keyboard  to  a piano.  The  different  radial  fibres  in  connection  with  this 
basilar  membrane  are  set  into  vibrations  sympathetically  by  different  vibra- 
tory rates  in  connection  with  the  fluid  which  surrounds  them.  When  these 
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vibrations  are  originated  they  are  passed  to  the  Corti  organs,  with  the  result 
that  the  stimulation  excites  the  nerves  that  are  in  connection  with  the  Corti 
cells.  As  the  osseous  canal  of  the  cochlea  is  lessened  in  diameter  the  mem- 
branous canal  of  the  cochlea  increases  in  diameter,  with  the  result  that  the 
radial  fibres  in  connection  with  the  basilar  membrane  are  longest  close  to 
the  cochlea  apex. ' This  produces  the  tendency  to  respond  to  the  vibration 
when  stimulation  takes  place  in  connection  with  the  Corti  organs.  Tones 
that  are  produced  in  connection  with  these  vibrations  are  said  to  be 
harmonious  or  concordant  if  no  beats  are  produced  when  they  are 
sounded  together.  If  the  beats  are  produced  they  are  said  to  be  non- 
harmonious  or  discordant,  with  the  result  that  a painful  sensation 
of  dissonance  is  produced,  and  this  painful  sensation  is  increased 
in  intensity  to  the  point  at  which  about  34  beats  per  second  take 
place.  Perfect  harmony  is  associated  with  the  blending  of  notes  whose 
vibration  “ are  to  each  other  as  small  whole  numbers.”  If  the  ratios  of  the 
vibrations  in  connection  with  the  notes  are  represented  only  by  large  whole 
numbers  then  there  is  a discord  on  account  of  the  fact  that  the  upper  par- 
tials  are  in  conflict  and  produce  beats  which  result  in  discordance.  In  the 
sounding  of  two  notes  together  a new  note  is  produced  which  is  feebler  and 
its  vibration  rate  is  represented  by  the  difference  in  the  vibration  rates  of 
the  two  original  notes.  This  is  called  the  differential  tone.  These  differ- 
ential tones  may  be  found  associated  with  the  upper  partials  as  well  as  in 
connection  with  the  fundamental  tones.  Different  other  forms  of  combined 
tones  may  be  found  in  connection  with  vibratory  interaction  in  the  sounding 
together  of  different  tones.  In  order  to  gain  the  auditory  result  of  this  com- 
bination of  notes  we  must  take  account  of  the  intricate  relations  of  the  dif- 
ferent notes  and  the  impression  that  is  made  by  them  upon  the  tympanic 
membrane.  The  ear  is  very  subject  to  fatigue  in  regard  to  a note  that  has 
been  sounded.  If  a single  note  is  struck  in  connection  with  the  major  chord 
of  the  piano  and  then  the  full  chord  be  sounded,  there  will  be  a difference 
in  the  quality  of  the  sound  of  the  full  chord  on  account  of  the  sounding  of 
the  previous  note.  From  this  standpoint  it  is  claimed  that  there  is  a sue 
cessive  contrast  taking  place  in  connection  with  auditory  sensation  on  the 
basis  of  which  sound  perceptions  are  compared  with  preceding  sound  per- 
ceptions. There  are  certain  modifications  of  the  action  of  the  auditory 
mechanism  which  make  it  impossible  to  transmit  a perfect  sound  in  connec- 
tion with  the  external  and  middle  ear.  Helmholtz  says  that  the  cause  of  the 
origin  of  different  combinational  tones  is  due  to  a periodic  clicking  in  con- 
nection with  the  jointure  of  the  malleus  and  incus.  On  account  of  ear 
resonance  tones  of  a high  pitch  become  strengthened  so  that  the  auditory 
sensation  has  an  excessive  loudness.  This  resonance  is  found  in  all  proba- 
bility in  connection  with  the  external  auditory  meatus  because  this  resonance 
is  completely  destroyed  when  a small  resonator  is  applied  to  the  ear.  It  is 
in  connection  with  the  ear  that  we  gain  our  perceptions  of  small  periods  of 
time.  In  case  of  visual  sensations,  if  the  light  flashes  occur  at  the  rate  of  25 
to  30  per  second,  they  are  fused  into  a single  luminous  impression;  but  in 
the  case  of  the  ear  it  is  possible  distinctly  to  separate  at  least  132  auditory 
impulses  separately  in  a second.  Hence  in  addition  we  find  a much  more 
delicate  perception  of  slight  variations.  In  connection  with  these  separate 
impulses  that  are  found  in  connection  with  the  vibrations,  their  special  char- 
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produced  by  an  irregular  snrre  ' r r°-u  n.01ses>  ^le  noises  being 

the  air  waves  there  beincr  a 1!^  ?°"  °f  vlbratlons  in  connection  with 
faction  ami  condensation  the^atr  Tn^IV  conn^°"  with  the  rare- 
charged  by  the  different  Darts  of  th  ■ onnection  with  the  functions  dis- 
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asgweS  With  thC  PercePtion  of  noises.  These  organs,  howeveT 

as  we  will  find  later,  are  concerned  in  the  function  of  equilibrium  The 

d rection  of  sounds  and  the  distance  which  sounds  trave/before  reaching 
the  ear  cannot  be  directly  perceived  but  can  be  perceived  only  by  dis& 
crimination  in  connection  with  the  intensity  and  thePquality  of  th/sensation 
of  sound,  when  this  discrimination  is  compared  with  past  experience  In 
tins  discrimination  there  is  usually  a turning  of  the  head  in  the  direction  in 

Itoun? of ^°theefact°thntdtb  in  Judgment  ma7  take  place  on 

appears  to  hpl  A It  the  "ound  whlch  »s  reflected  from  a particular  object 
the  c^se  of  tL  d 7 hanra  ^ S°Und  COminS straight  from  the  object.  In 
on  fiff  i h r deafness  of  one  ear  sounds  seem  to  be  localized  as  originating 
on  the  side  01  the  intact  ear.  The  intensity  and  also  the  quality  of  thf 
sound  vary  according  to  the  distance  of  the  origin  of  the  sound.  ' In  this 
way  tones  that  are  lowered  become  inaudible  sooner,  thus  bringing  into 
prominence  the  overt  ones.  Ventriloquism  is  based  upon  the  fact  that  it  is 
possible  to  alter  the  quality  of  the  sounds  that  are  produced  so  as  to  stimu! 

condhionT^  117  W°U  d naturaI1^  possess  if  originating  under  different 
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These  semicircular  canals  form  a part  of  the  labyrinth  of  the  internal  ear 
and  yet  their  function  does  not  seem  to  be  very  clearly  associated  with  the 
sense  of  hearing.  According  to  the  old  theory  they  were  associated  with 
the  perception  of  sound  direction,  because  the  three  canals  were  supposed  to 
represent  the  three  space  dimensions.  The  three  canals  represent  three 
planes  that  are  at  right  angles,  or  nearly  so,  to  each  other,  being  called 
the  horizontal,  superior  and  posterior.  The  horizontal  represents  nearly  the 
horizontal  position  in  reference  to  the  head,  being  always  at  right  angles  to 
the  median  plane.  The  superior  and  posterior  planes  form  almost  equal  angles 
with  the  median  plane.  We  cannot  now  observe  the  direction  of  sound  in  con- 
nection with  these  semicircular  canals  because  such  a perception  can  only 
result  from  two  or  more  successive  observations.  When  a louder  sound  is  heard 
in  one  ear  than  in  the  other  the  head  is  turned  toward  the  louder  sound  for  the 
purpose  of  judging  the  sound  direction,  while  if  the  sound  is  produced  at  equal 
distances  from  both  ears  we  are  unable  to  distinguish  the  position  from  which 
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the  sound  emanates  unless  in  connection  with  visual  sensations.  It  was  dis- 
covered by  Flourens  that  if  one  of  the  membranous  canals  is  divided  there 
is  produced  a rotary  motion  on  the  part  of  the  animal  around  an  axis  at 
right  angles  to  the  divided  plane,  the  movement  taking  place  in  the  direc- 
tion of  the  divided  canal.  This  led  to  the  theory  that  the  semi-circular 
canals  were  associated  in  some  way  with  the  co-ordination  of  movement. 
Goltz  discovered  that  when  the  head  occupied  different  positions  there 
would  be  always  a pressure  of  endolymph  upon  the  canal  point  represent- 
ing the  lowest  part.  By  the  excitation  of  the  nerve  corresponding  with  the 
different  parts  pressure  would  be  localized  and  would  produce  the  special 
sensations  which  would  correspond  with  the  changing  attitudes  of  the  head. 
If  this  arrangement  is  interfered  with  the  sense  of  equilibrium  would  be 
lost  or  impaired.  By  the  investigation  of  Cyon  we  have  the  theory  that 
the  semicircular  canals  give  rise  to  a number  of  sensations  of  which  we  are 
not  conscious,  or  at  least  only  in  subconsciousness,  in  reference  to  the  at- 
titude of  the  head  ; the  loss  or  the  impairment  of  the  sense  of  equilibrium 
resulting  from  the  interference  with  these  sensations  of  equilib- 
rium. Another  theory  formulated  by  Crum-Brown  supposes  that 
the  three  canals  are  filled  with  fluid  and  that  when  the  head 
moves  in  a certain  direction  the  fluid  flows  in  the  opposite  direction 
the  flow  depending  upon  the  plane  around  which  the  movement  of  the  head 
takes  place  and  also  upon  the  rapidity  of  the  head  rotation.  The  fluid  in 
its  motion  affects  the  auditory  hairs  in  connection  with  the  ampullar  crista 
acustica  at  the  dilated  extremity  of  the  membranous  tube,  causing  a rotatory 
sensation  of  the  head  in  the  plane  of  the  canal  in  which  the  fluid  flows  but 
in  the  opposite  direction.  By  the  continuation  of  the  head  rotation  the  fluid 
current  flow  will  be  stopped  even  if  the  head  rotation  ceases,  the  fluid  flow 
will  continue  in  the  same  direction  as  the  head  is  rotated,  producing  a sensa- 
tion of  rotation  in  the  opposite  direction.  There  are  two  possible  ways  in 
which  motion  may  take  place  in  connection  with  the  endolymph  and  the  wall, 
a movement  between  the  walls  of  the  cavity  and  the  fluid  taking  place,  either 
by  the  motion  of  the  head,  in  which  case  the  fluid  is  left  behind  by  the  walls  ; 
or  by  the  stopping  of  the  head  motion  in  which  there  is  a continuance  of  the 
fluid  flow.  There  is  in  both  cases  a rotary  sensation.  In  the  first  case 
there  is  a real  rotatory  sensation  while  in  the  other  case  it  is  only  apparent, 
although  in  both  cases  there  is  an  increase  in  the  rotation.  According 
to  this  theory  there  are  variations  in  pressure  not  only  in  connection  with 
the  endolymph  but  also  in  the  walls  of  the  membranous  canals  and  in  the 
perilymph;  the  double  labyrinth  is  regarded  as  a single  organ  so  that 
the  six  canals  represent  double  parallel  planes  all  of  which  are  necessary  in 
order  to  the  rotatory  sensations.  According  to  this  the  six  canals  are  divided 
into  three  pairs  each  pair  being  parallel,  the  two  horizontal  canals  and  the  supe- 
rior canal  of  the  one  side  being  parallel  with  the  posterior  canal  of  the 
other  side.  In  connection  with  each  of  those  pairs,  the  position  of  the  two 
canals  is  such  that  in  the  rotation  around  an  axis  perpendicular  to  their 
plane  there  is  the  movement  of  one  of  the  canals  along  with  its  ampulla 
before  the  canal,  with  the  result  that  the  fluid  flow  is  from  the  ampulla  to 
the  canal,  whereas  in  the  other  case  the  canal  precedes  and  the  flow  of  the 
fluid  is  from  the  canal  to  the  ampulla.  The  stimulation  of  the  hair  cells 
takes  place  only  while  the  fluid  flows  from  the  ampulla  to  the  canal,  so  that 
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fnnn  d!ng  to  J?1111.  the  semicircular  canals  represent  the  peripheral  oLn  in 
connection  with  the  spacial  sensations.  lie  claims  that  th/sensatiofs  rro- 

amnulla  n ^ stn^latlon  of  the  nerve  terminals  in  connection  with^he 
space  dtoeToS  Se"Sat'0ns  that  *«=  °ur  perception  of  the  three 

Sion11  eWhen  tth!,three  Cal?ak  We  ^ sensations  connected  with  one  dimen- 
ceotual  ^ese  sensations  are  combined  the  cerebral  centers  form  a per- 

ceptual space  idea  in  connection  with  which  all  the  space  perceptions  of  the 

a « rrfee^dSmSf  ’ ' V ^ ^1°”  2fobJ‘ects  and  tbe  P^io/of  the  bo dy 

offered  of  th,  T weal<Pomtin  the  theory  of  Cyon  is  that  no  explanation  is 

strong  in  th,  T/w  /CanalS  aS  a mechanism’  while  the  Brown  theory  is 
finn  fL  P°mt  tH^  lt  atte,mPts  to  explain  on  a physical  basis,  the  rela- 
the  semicircular  canal  mechanism  to  body  equilibrium.  All  the 

rirrn?eS  degree  to  explain  partially  the  function  of  the  semi- 

circular canals.  Equilibrium  including  the  action  of  the  skeletal  muscles 

wirWL  nfrV°Uf  connection  as  well  as  the  equilibrium  in  connection 

th  this  special  mechanism  in  connection  with  audition  so  that  the  co-ordi- 
nation of  motion  is  maintained  against  gravity.  This  is  one  of  the  most 
important  of  the  body  functions.  Sensory  impressions  must  be  conveyed 
o le  co-ordination  centers  so  as  to  keep  up  a close  connection  between  the 
cen  ers  and  the  different  parts  of  the  body.  These  sensations  are  called  the 
sense  of  equilibrium.  The  muscular  sense  appreciates  muscle  tension,  the 
sense  of  sight  appreciates  the  position  of  the  body  in  relation  to  other  objects 
in  space,  the  tactile  sensation  furnishing  the  means  of  appreciating  the  con- 
tiguity of  near  objects.  The  air  waves  act  upon  the  tympanic  mem- 
brane so  that  we  can  appreciate  the  character  of  objects  that  are  pres- 
ent. If  some  of  these  sensations  are  lost  they  may  be  compensated  for 
by  more  full  development  of  others;  but  normally  all  of  these  senses  con- 
cur  in  providing  sensory  impulses  bearing  upon  equilibrium.  If  one  of  these 
fails  or  if  there  is  a conflict  in  the  sensations  the  result  is  giddiness,  nausea, 
and  some  other  peculiar  feelings.  Hence  by  looking  at  unstable  water  un- 
true impressions  of  the  equilibrium  are  carried  to  the  brain,  producing  the 
tendency  to  motion  with  the  object  of  preserving  the  equilibrium.  The 
sense  of  equilibrium  depends,  therefore,  upon  the  action  of  various  sense 
organs  under  the  controlling  influence  of  the  nervous  system.  There  is, 
however,  a special  organ  for  the  determination  of  the  position  of  the  head 
and  its  movement  and  hence  for  the  regulation  of  the  entire  body.  The 
terminal  organ  has  been  localized  therefore  in  connection  with  the  semi- 
circular canals.  In  the  case  of  the  lower  animals,  chiefly  birds,  it  is  found 
that  a disturbance  of  any  of  these  canals  produces  (i)  at  rest  an  exaggerated 
position  of  the  head;  and  (2)  as  soon  as  the  disturbance  is  produced  there 
are  peculiar  movements  of  the  eyes,  head  and  body,  the  character  of  these 
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movements  depending  upon  the  extent  of  lesions  in  the  canals.  Hence  it 
may  vary  from  unsteadiness  to  violent  motions  of  the  head  and  of  the  body. 
In  the  case  of  a man  we  find  that  by  placing  a person  on  an  elevated  surface 
with  the  muscular  and  tactile  senses  inactive  and  then  causing  a movement 
of  the  surface  the  person  can  determine  the  motion  and  its  nature 
as  well  as  the  angle  of  motion.  After  the  sensation  of  movement  there 
is  a sensation  of  motion  in  the  opposite  direction.  It  has  been 
found  that  in  the  case  of  deaf  persons  rapid  rotation  does  not  produce  gid- 
diness. Where  we  find  pathological  conditions  interfering  with  the  labyrinth 
there  are  vertigo  signs  in  co-ordination.  Hence  it  is  presumed  that  a lesion 
of  the  semicircular  canals  produces  a change  of  pressure  in  the  sensory  hair 
cells  by  an  escape  of  endolymph,  producing  the  sensation  of  falling  in  one 
direction,  resulting  in  an  attempt  to  prevent  this  imaginary  contingency. 
According  to  some  physiologists  the  equilibrium  that  is  associated  with  rest 
and  motion  is  regulated  by  the  stimulation  of  different  nerve  terminals.  . In 
regard  to  the  nerve  mechanism  which  regulates  the  equilibrium  of  rest,  it  is 
claimed  that  the  position  of  the  head  while  it  is  in  the  resting  position  is  as- 
sociated with  the  relation  of  the  otoliths  in  the  labyrinth  of  the  ear  to  the 
nerve  terminals  in  connection  with  the  maculae  of  the  cristae  acusticae. 
The  otoliths  are  of  considerable  size  in  the  ears  of  some  of  the  lower  ani- 
mals like  the  fishes,  so  that  their  pressure  upon  the  hair  cells  must  produce 
variable  sensations  and  thus  give  rise  to  variations  in  the  spatial  percep- 

tions.  . 

According  to  Flourens,  the  cerebellum  is  particularly  associated  with 
the  co-ordination  of  movement  and  the  maintenance  of  equilibrium.  Theie 
is  no  doubt  that  the  cerebellar  integrity  is  essential  to  equilibrium,  but  this 
does  not  mean  anything  more  than  that  the  cerebellum  represents 
the  center  of  equilibrium.'  Animals  that  have  been  deprived  of 
the  cerebellum  seem  to  be  unable  to  maintain  the  upright  position, 
and  there  is  also  found  an  unsteady  gait  as  well  as  peculiar  twiching  move- 
ment of  the  eyeball.  Where  the  cerebellum  is  congenitally  defective  it  is 
found  that  there  is  an  imperfection  in  the  capacity  for  walking.  The 
afferent  impulses  that  are  associated  with  equilibration  arise  from  the 
muscles,  the  skin,  the  semicircular  canals,  the  internal  ear  and  the  eyes.  All 
of  these  are  closely  connected  with  the  cerebellum.  There  is,  as  we  have 
seen,  a very  free  communication  between  the  cerebellar  gray  matter  and  the 
entire  central  nervous  system,  this  representing  possibly  the  close  connec- 
tion of  the  cerebellum  with  every  possible  pathway  along  which  impressions 
connected  with  equilibrium  may  pass.  In  connection  with  the  muscles  we 
find  impressions  that  are  associated  with  pain,  increasing  the  blood  pressure, 
impulses  associated  with  the  extent  and  the  strength  of  muscular  contraction, 
as  well  as  the  localization  of  the  head,  the  limbs  and  the  other  parts  of  the 
body,  these  last  two  kinds  of  impulses  being  associated  particularly  with 
equilibrium . 

In  connection  with  the  skin  we  find  the  impulses  of  pressure  and  touch 
at  the  basis  of  equilibrium.  By  rendering  insensitive  the  soles  of  the  feet 
and  covering  the  eyes  the  individual  would  lose  the  capacity  of  steadiness. 
In  locomotor  ataxia  there  is  a loss  of  the  sensations  associated  with  touch, 
and  hence  a disturbance  of  equilibrium.  In  the  case  of  a frog,  if  the 
cerebral  hemispheres  are  removed,  the  frog  will  possess  the  power  of 
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balancing  itself  on  its  limbs,  but,  if  in  addition  the  skin  is  taken  away 
from  the  hind  limbs  it  will  be  unable  to  maintain  equilibrium.  That 
the  semicircular  canals  are  associated  with  equilibrium  seems  to  be  un- 
doubted, from  the  fact  that  where  there  is  a defect  in  the  internal  ear 
there  is  a loss  of  or  impairment  to  a certain  degree  of  equilibrium  The 
co-ordination  that  is  necessary  to  equilibrium  is  preserved  by  means  of  a 
center  in  the  cerebellum,  the  center  being  localized  in  the  middle  lobe  of 
the  cerebellum,  to  which  sensory  impulses  pass  along  the  vestibular  branch 
of  the  auditory  nerve  from  the  internal  ear.  The  efferent  path  may  be  sup- 
posed to  be  indirect  in  connection  with  commissural  fibres  to  the  Rolandic 
motor  areas,  and  thence  along  the  pyramidal  tract.  The  cerebella  hemis- 
pheres become  more  important  functionally  as  they  become  more  prominent 
structurally  as  we  ascend  in  the  scale  of  animal  life.  In  the  fissures,  when 
the  semicircular  canals  are  injured,  certain  involuntary  movements  are  found 
which  have  been  called  forced  movements.  By  the  destruction  of  the  in- 
ternal ear  in  the  case  of  the  menobranchus  the  animal  is  found  to  wheel 
around  about  a longitudinal  axis  without  any  control  of  itself  After  a 
short  time  the  movements  cease,  but  they  may  be  started  again  by  stimula- 
tion. In  the  human  subject,  by  the  passage  of  a galvanic  current  of  elec- 
tricity between  the  two  mastoid  processes  it  is  found  that  the  head  tends  to 
turn  toward  the  positive  pole.  The  individual  can  resist  this  tendency  to 
turn  so  long  as  the  current  is  not  very  strong,  but  when  it  becomes  very 
Strong  the  movement  takes  place  without  control.  There  is  no  doubt  that 
in  this  case  there  is  a stimulation  of  the  semicircular  canals,  and  that  this  is 
the  cause  of  these  forced  movements. 


SECTION  IV  The  Sense  of  Smell. 


The  sense  of  smell  is  located  in  connection  with  the  mucous  lining  of 
the  nose,  nervous  connection  being  established  with  the  olfactory  bulbs.  As- 
sociated with  the  walls  of  the  nasal  cavity  we  find  turbinated  bones  which 
separate  each  nasal  cavity  into  three  meatuses.  These  lie  one  over  the 
other,  the  two  higher  ones  forming  the  olfactory  cavities.  This  entire 
osseous  structure  is  covered  by  the  mucous  membrane,  in  which  we  find 
imbedded  flattened  cells  to  which  we  find  attached  the  ramifying  branches 
of  the  olfactory  nerve.  The  mucous  lining  is  not  all  connected  with  the 
sense  of  smell,  but  smell  is  limited  to  the  anterior  portion  of  the  superior 
meatus,  the  middle  meatus  and  the  septum  corresponding  with  these.  The 
rest  of  the  membrane  is  associated  with  respiratory  action.  The  membrane 
that  is  associated  with  the  movable  portion  of  the  nose  differs  from  the 
membrane  that  is  found  in  connection  with  the  rest  of  the  nasal  cavity.  In 
the  vestibular  portion  the  mucous  membrane  is  found  to  consist  of  squa- 
mous epithelium  covering  over  a tunica  propria  in  which  we  find 
papillary  eminences.  In  it  we  find  sebaceous  glands  and  also  hair 
follicles.  In  the  respiratory  region  we  find  the  membrane  consist- 
ing of  cylindrical  ciliated  epithelium  with  some  of  the  goblet  cells 
In  connection  with  the  tunica  propria  we  find  a number  of  small  racemose 
glands,  some  being  serous  and  others  mucous  in  their  character.  In  the  olfac- 
tory region  we  find  the  olfactory  epithelium  that  rests  upon  a tunica  propria. 
In  it  we  find  two  kinds  of  cells,  the  one  in  the  upper  part  consisting  of 
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vlindrical  cells  and  the  other  consisting  of  protoplasmic  cells  surrounding 
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of  protoplasm  and  nuclei.  The  tunica  propria  consists  of  connective  tissue 

with  some  elastic  fibres,  Bowman’s  glands  being  found  in  the  tunica  propria. 
These  glands  in  the  human  subject  represent  branched  tubes  in  connection 
with  which  there  passes  through  the  epithelial  layer  a duct.  These  are 
mucous  glands.  The  olfactory  nerve  is  distributed  in  the  tunica  propria,  the 
greater  branches  having  sheaths  that  spring  from  the  dura  mater,  consisting 
of  non-medullated  fibres,  the  fibres  being  distributed  into  minute  filaments 
ending  in  the  epithelium,  connection  being  established  in  some  way 
with  the  olfactory  cells.  Some  claim  that  the  termination  is  found  in 
connection  with  the  basal  cells  out  of  which  fibres  pass  that  form 
connection  with  the  supporting  and  the  olfactory  cells.  According  to  this 
both  the  supporting  and  the  olfactory  cells  are  associated  with  the  olfactory 
function.  Medullated  fibres  of  the  trigeminal  are  found  in  connection  with 
the  mucous  lining  of  the  nasal  cavities.  To  produce  the  sensation  of  smell 
the  substances  must  be  in  the  air  or  in  the  form  of  odors  and  gases.  Sub- 
stances  must  be  very  finely  divided,  as  we  find  in  the  case  of  closing  up  the 
nostril  with  cotton  smells  are  still  discernible,  although  very  minute  organ- 
isms are  excluded  from  the  atmosphere  admitted.  Perfume  seems  to  fill 
the  air  and  excite  the  sensation  of  smell  without  any  appreciable  loss  of 
scent.  A few  grains  of  musk  will  perfume  a room  for  years  and  yet  not 
lose  its  volume.  There  are  certain  gases  that  have  no  odor,  as  hydrogen, 
oxygen,  nitrogen,  marsh  gas  and  ammonia.  Some  of  these  gases  have  an 
irritating  effect  but  have  no  smell,  as  in  the  case  of  ammonia  gas.  Gases 
that  have  a smell  are  chlorine,  iodine,  bromine,  arsenic,  antimony  and  sul- 
phur vapors,  each  of  these  having  its  characteristic  perfume.  The  theory 
has  been  put  forward  by  Ramsay  that  smell  is  due  to  vibrations  of  a kindred 
nature  to  those  giving  rise  to  light.  This  theory  is  defended  on  the  ground 
that  to  produce  smell  there  must  be  molecular  weight  considerably  exceed- 
ing that  of  hydrogen.  On  this  basis  Ramsay  says  that  odorous  substances 
must  be  fifteen  times  the  weight  of  hydrogen.  On  the  basis  of  this 
theory  it  is  claimed  that  the  kind  of  odor  depends  upon  the  kind  of  vibra- 
tion found  among  the  substances.  The  sensation  of  smell  may  certainly  be 
aroused  by  vibrations,  but  the  vibrations  may  be  of  such  a nature  as  not  to 
produce  smell.  There  is  a limit  both  as  to  the  maximum  and  the  minimum 
of  vibrations  necessary  to  the  stimulation  of  the  sense  of  smell.  It  is 
claimed  that  the  particles  of  odoriferous  substance  vibrate  on  the  olfactory 
membrane,  producing  the  mechanical  stimulation  sufficient  to  cause  sensa- 
tion. This  theory  has  not  yet  been  proved,  but  there  is  no  doubt  that  when 
odors  of  flowers  are  carried  on  the  breeze,  particularly  in  the  early  morning 
or  in  the  evening,  the  air  is  laden  with  the  perfume.  In  the  case  of  heavy 
substances  that  produce  odors,  the  substances  maintain  their  weight  in  the 
air  so  that  the  odors  continue  to  produce  stimulation.  It  is  for  this  reason 
that  the  air  laden  with  animal  odors  continues  to  produce  smell  sensations 
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for  a considerable  period.  The  air  laden  with  the  odor  must  be  brought 
into  contact  with  the  membrane,  hence  the  first  thing  necessary  to  the  sense 
of  smell  is  that  the  person  must  breathe  the  air.  By  breathing  the  air  its 
odor  is  brought  into  contact  with  the  membrane.  In  order  that  the  contact 
may  produce  the  sensation  of  smell  the  membrane  must  be  moist  The 
greatest  sensation  occurs  at  the  beginning  of  the  smell  sensation,  although 

t1(TprfpHnSltJHependS  UP°n  t)vo1other  Actors,  the  extent  of  the  membrane 
affected  and  the  manner  in  which  the  odor  is  concentrated  so  as  to  affect  the 
membrane.  The  sense  of  smell  like  the  other  senses  is  capable  of  culti- 
vation to  a considerable  degree..  Where  the  other  centers  are  deficient  or 
absent  smell  may  become  so  sensitive  as  to  become  the  vehicle  of  consider- 
able knowledge,  particularly  in  regard  to  the  nature  of  food.  If  the  nasal 
cavity  is  filled  with  water  in  which  is  dissolved  some  odorous  substance 
there  is  no  sensation  of  smell  produced.  It  is.  claimed  that  if  a sodium 
chlorid  solution  is  put  into  the  nasal  cavity  there  is  the  perception  of  odor 
in  some  of  the  lower  animals  we  find  the  sense  of  smell  developed  to  a very 
large  extent.  It  is  claimed  by  some  that  every  individual  has  some 
peculiar  odor  that  may  be  distinguished  by  him  alone.  Attempts  have 
been  made  to  classify  the  different  smells  but  these  attempts  have  been 
unsuccessful  on  account  of  the  fact  that  it  is  almost  impossible  to  reduce 
the  smell  sensations  to  any  primary  sensations.  We  sometimes  find  sub- 
jective smell  sensations  arising  from  a subjective  irritation  in  connection 
with  the  olfactory  mechanism.  In  the  human  subjects  the  sensations  of 
smell  are  supposed  to  have  an  important  relation  to  the  sensations  of  taste, 
some  of  the  tastes  arising  from  the  stimulation  associated  with  the  sense  of 
smell.  Kant  defines  smell  as  “ taste  at  a distance.”  It  is  certain  that  taste 
and  smell  are  associated  together  physiologically  in  connection  with  our 
perception  of  food  flavor.  When  the  olfactory  nerve  becomes  paralyzed 
or  is  removed  the  sense  of  smell  is  destroyed.  Ammonia  may  stimulate 
the  sensory  nerves  in  connection  with  the  fifth  nerve  found  associated  with 
the  mucous  membrane  of  the  olfactory  region;  this  odor,  however,  is  not  a 
true  smell  but  depends  upon  irritation  in  connection  with  the'  sensory 
surface  and  the  terminal  of  the  sensory  branches  of  the  fifth  nerve.  Ac- 
cording to  Beaunis  the  substances  which  stimulate  the  olfactory  membrane 
are  threefold:  (i)  Substances  acting  on  the  olfactory  nerves,  as  in  the  case 
of  perfumes  which  have  no  pungency  or  odors  which  have  a pungency;  (2) 
substances  whose  action  is  associated  with  the  olfactory  nerves  and  also  the 
nerves  of  ordinary  sensation,  as  in  the  case  of  stimulation  by  acetic  acid; 

(3)  substances  that  only  act  on  the  sensory  nerves  of  ordinary  sensation,  as  . 
in  the  case  of  carbonic  acid  stimulating  the  terminals  of  the  tactile  nerves; 

(4)  some  add  electrical  stimulation  which  may  be  produced  in  connection 
with  the  electrode  placed  upon  the  mucous  membrane  which  gives  a 
sensation  of  phosphorus  odor. 

Smell  has  been  called  the  ancestral  sense  on  account  of  the  fact  that  in 
the  primitive  brain  we  find  simply  a ganglion  associated  with  olfaction. 
Kvery  substance  that  we  smell  produces  a particular  .sensation,  although  we 
are  unable  to  distinguish  the  different  odors.  It  is  claimed  by  some  that  we 
can  distinguish  a number  of  the  individual  odors  even  when  the  smell  is  of 
a mixed  nature.  This  does  not  enable  us,  however,  to  make  any  distinct 
classification  of  smell.  In  normal  circumstances  an  olfactory  sensation  re- 
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quires  time  to  develop  when  the  stimulus  has  been  brought  into  contact 
with  the  olfactory  apparatus.  The  olfactory  membrane  very  soon  becomes 
exhausted.  As  the  surface  of  the  membrane  increases  in  size  the  sensation 
increases  in  intensity,  so  that  in  animals  whose  scent  is  very  acute  there  is 
a large  olfactory  surface.  This  may  depend  upon  the  amount  of  odorif- 
erous substance  brought  into  contact  with  the  membrane.  An  olfactometer 
has  been  constructed  for  the  purpose  of  measuring  the  olfactory  sensations, 
its  use  being  connected  with  the  measurements  of  the  size  of  the  area  that 
is  affected  by  the  substance  producing  the  odor.  Normally  the  odoriferous 
substance  passes  into  the  two  nostrils  so  that  there  are  two  olfactory  im- 
pulses. As  in  the  case  of  vision,  however,  these  impulses  are  fused  together 
so  as  to  form  the  single  sensation.  If  two  separate  odors  are  brought  into 
contact  with  the  two  nostrils  we  find  different  results.  In  some  cases  there 
is  a variation  in  the  sensation.  In  other  cases  one  sensation  seems  to  pre- 
vail over  the  other.  This  seems  to  indicate  that  one  odor  prevails  so  that 
the  suppression  depends  upon,  not  the  chemical  action  of  the  odor,  but  upon 
the  action  of  the  central  nervous  system  in  giving  predominance  to  one  sen- 
sation. Our  olfactory  sensations  are  associated  with  the  external  world  by 
a discriminating  process  associated  with  perception.  The  special  relations 
of  the  odor  are  very  indefinite,  our  localization  of  the  position  of  the  odor 
depending  largely  upon  the  movement  of  the  head  in  the  direction  in  which 
the  strongest  sensations  seem  to  take  place. 

SECTION  V.  The  Sense  of  Taste. 

Taste  is  associated  with  the  tongue,  and  with  the  upper  portion  of  the 
anterior  surface  of  the  soft  palate  and  also  with  the  anterior  pillar  of  the 
fasces.  In  connection  with  the  sense  of  taste  we  find  the  glosso-pharyngeal 
nerve,  the  lingual  branch  of  the  fifth  and  the  chorda  tympani  supplying  the 
papillae  on  the  tongue  surface.  We  find  both  medullated  and  non-medul- 
lated  fibres  in  the  terminals  of  the  glosso-pharyngeal.  The  medullated 
fibres  freely  multiply  their  branches  in  the  connective  tissue  and  from  con- 
nections with  the  taste  bulbs  which  are  minute  branches  in  the  epithelium. 
The  nonmedullated  fibres  enter  into  the  layer  of  epithelium  in  connection 
with  which  they  terminate  either  freely  or  in  the  taste  buds.  These  are 
ovoid  bodies  which  are  found  imbedded  in  the  layer  of  epithelium,  the  one 
end  extending  to  the  upper  surface,  the  other  end  descending  till  it  rests 
upon  the  tunica,  the  superficial  end  opening  into  a minute  funnel-shaped 
canal  on  the  surface  called  the  taste  pores.  These  taste  bulbs  are  found  in 
great  abundance  and  represent  the  organs  of  taste.  These  taste  bodies  are 
found  to  consist  of  two  kinds  of  epithelial  cells,  one  large  and  the  other 
small  and  narrow.  The  external  cells  represent  the  sustentacular  struc- 
tures upon  which  the  taste  cells  are  placed,  these  taste  cells  repre- 
senting the  sensory  epithelium.  In  the  taste  cells  we  find  a nucleus 
at  the  middle  where  the  cell  becomes  thick.  In  the  upper  part  we 
find  a cylindrical  and  also  a conical  part  at  the  upper  surface  being 
found  a bright  substance.  In  the  lower  part  of  the  cell  we  find  nodular 
enlargements  in  connection  with  which  we  find  the  nerve  terminals.  The 
fact  that  the  taste  bulbs  represent  the  end  organs  of  taste  is  proved  by  the 
fact  that  when  a substance  is  brought  into  contact  with  these  taste  bodies 
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tl  iere  the  sense  of  taste.  In  addition  to  this  we  find  that  these  taste  bulbs 
are  much  more  numerous  where  the  sense  of  taste  is  acute.  If  the 
glasso-pharyngeal  is  divided  these  taste  bulbs  will  be  generated  In  order 
o the  rtmulauct .of  the  taste  sensation  in  salivation  isLcessary  in  connec- 
tion  with  the  substances  that  are  found  in  the  mouth.  Hence7 substance- 
must  be  soluble  otherwise  they  do  stimulate  taste.  If  the  surface  brought 
into  contact  with  the  substance  is  large  then  the  sensation  of  taste  is 
increased,  the  degree  of  taste  depending  upon  the  degree  in  which  the  solid 
substance  is  concentrated  in  the  soluble  form.  The  dilution  of  substances 
with  water  seems  to  dimmish  the  sensation  of  taste,  although  in  some  cases 
as  in  quinine  the  dilution  requires  to  be  very  great.  The  power  of  produc- 
ing the  sensation  of  taste  seems  to  vary  with  different  substances  the  sub- 
stance of  a sweet  or  acid  or  bitter  nature  even  more  difficult  to  bring-  within 
the  taste  sensation  than  saline  substances.  Acid  subst?’  ;es  are  gen&rallv 
characterized  by  sour  tastes,  alkalies  by  a soapy  taste,  the  salts  varying  from 
bitter  to  sweet  and  the  alcohols  sweet.  The  temperature  most  favorable  to 
the  sensation  of  taste  is  that  ranging  from  ten  to  thirty  degrees  C.,  either  above 
or  below  this  temperature  the  action  being  lessened.  Sometimes  taste  and 
smell  are  confused  although  they  are  quite  distinct.  This  depends  upon  habit 
and  education.  Taste  is  capable  of  extensive  cultivation,  as  is  found  in  the 
art  of  testing  in  which  very  minute  differences  maybe  at  once  and  accurately 
discerned.  Taste  may  be  interrupted  by  a diseased  condition  of  the  tongue. 
Artificial  sensations  of  taste  may  be  produced  by  such  substances  in  the 
blood  as  morphine,  or  the  bile  that  is  found  in  jaundice  conditions,  these 
producing  a sour  and  unpleasant  sensation.  On  the  other  hand,  those  sub- 
ject to  diabetes  feel  a constant  sensation  of  sweetness,  to  such  an  extent  in 
some  cases  that  it  seems  almost  impossible  to  satisfy  the  taste.  In  some 
cases  of  insanity  there  are  such  tastes  developed  as  are  associated  with  sub- 
jective sensation,  these  tastes  arising  in  connection  with  the  taste  centers  in 
the  brain.  Astringent  substances  are  perceived  only  by  the  fore  part  of  the 
tongue,  and  bitter  only  by  the  back  part  of  the  tongue;  while  sweet  and 
saline  substances,  although  tasted  by  the  whole  dorsum  of  the  tongue,  are 
best  appreciated  by  the  fore  part  of  the  tongue.  By  chewing  the  leaves  of 
the  gymnoma  sylvestre  the  sensation  of  taste  in  connection  with  sweetness 
and  bitterness  is  entirely  abolished.  Much  discussion  has  taken 
place  in  connection  with  the  relation  of  the  nerves  to  the  sense 
of  taste.  The  majority  of  physiologists  are  agreed  in  regarding  the 
glosso-pharyngeal  as  furnishing  the  nervous  connection  for  the  posterior 
part  of  the  tongue,  while  the  lingual  and  the  chorda  tympani  supply  the 
anterior  part  of  the  tongue.  Taste  perceptions,  as  we  have  said,  are  con- 
siderably modified  by  olfactory  sensations.  This  may  be  shown  by  the  fact 
that  it  is  almost  impossible  to  distinguish  an  apple  from  a pear  or  a potato  if 
the  nasal  passages  are  froze.  As  in  the  case  of  the  olfactory  sensation 
the  taste  sensations  increase  in  tensity  as  the  area  is  increased  to  which  is 
applied  the  gustatory  substance.  It  is  in  connection  with  mastication  that 
the  complete  taste  value  of  substances  is  determined,  this  process  being 
completed  when,  in  the  act  of  deglutition,  the  food  substance  passes  be- 
tween the  tongue  and  the  palate.  Taste  sensation  is  at  its  maximum  if  the 
substance  is  of  the  same  temperature  as  the  body.  It  has  been  found  that 
by  heating  the  tongue  to  fifty  degrees  C.  the  taste  of  sweetness  could  not 


THE  SENSE  OF  TOUCH  AND  FEELING. 


742 


be  appreciated.  Taste  substances  seem  to  come  into  contact  with  the  sen- 
sory endings  of  the  taste  nerves  when  they  are  dissolved  in  the  salivary 
fluid  of  the  mouth,  and  this  forms  a basis  for  maintaining  a uniform  tem- 
perature. Taste  sensations  have  been  classified  primarily  into  four  classes, 
bitter,  sour,  sweet  and  salt,  although  some  have  reduced  the  primary  taste 
sensations  to  two,  bitter  and  sweet.  It  is  commonly  believed  that  there  are 
nerve  fibres  corresponding  with  the  four  primary  sensations,  and  that  the 
stimulation  of  one  of  those  fibres  gives  rise  to  a particular  sensation. 
This  seems  to  be  proved  by  the  fact  that  different  substances  are  not 
appreciated  as  producing  the  taste  sensation  at  different  parts  of  the 
tongue.  That  this  is  so  is  proved  by  the  fact  that  the  same  substance  may  pro- 
duce a different  taste  sensation  at  different  parts  of  the  tongue.  Experi- 
ments have  been  made  in  which  it  is  found  that  the  different  fungiform 
papillae  found  in  connection  with  the  tongue  possess  different  degrees  of 
sensitiveness  in  connection  with  taste  sensations.  The  lymph  which  is  found 
in  connection  with  the  end  organs  of  gustation  do  not  stimulate  taste  sensa- 
tion; but  by  altering  the  blood  composition  by  introducing  foreign  sub- 
stances taste  sensation  may  be  produced.  By  passing  a constant  current 
of  electricity  through  the  tongue  there  is  developed  an  acid  taste  at  the 
positive  and  an  alkaline  taste  at  the  negative  pole.  In  connection  with  taste 
sensations  it  is  necessary  to  remember  that  flavor  is  not  a single  sensation 
but  a complex  sensation  that  combines  sensation  of  smell  and  of  taste. 
These  two  sensations  are  often  confused,  probably  because  both  of  the  sen- 
sations are  necessary  in  order  to  the  stimulation  of  the  flavor  sensation. 
The  taste  sensation  may  be  said  to  be  intermediate  between  general  and 
special  sensibility.  In  this  sense  it  is  appropriately  connected  with  the  per- 
ception of  flavor.  The  taste  sensibility  is  not  limited  to  a single  nerve  but  is 
associated  at  least  with  two  nerves  which  furnish  sensory  impulses  in  con- 
nection with  the  corresponding  part  of  the  organ  of  taste.  This  does  not 
mean,  however,  that  the  gustatory  sensations  are  limited  to  general  sensibility. 
A distinction,  however,  requires  to  be  made  between  special  sensations  that 
are  aroused  by  the  sapidity  of  a substance  and  the  general  sensation 
aroused  by  the  touch  and  general  sensibility.  Hence  the  same  substance 
often  stimulates  both  tactile  and  gustatory  sensations.  In  this  way  we  have 
the  capacity  both  from  the  special  and  general  standpoint  of  sensibility 
to  perceive  flavor.  J 

SECTION  VI.  The  Sense  of  Touch  and  Feeling. 

Of  the  general  condition  of  the  parts  and  tissues  of  the  body  other  than 
the  skin  we  only  have  a general  knowledge  in  a vague  and  indefinite  way. 
There  is  only  what  is  called  general  feeling,  but  this  condition  may  under 
special  circumstances  pass  into  a special  kind  of  feeling,  as  in  the  case  of  the 
feeling  of  pain.  The  sense  of  touch  is  associated  with  the  skin  Some 
nerve  fibres  terminate  in  very  fine  fibrils  in  the  epithelium  as,  for  example 
in  the  cornea,  in  the  mucous  membrane  of  the  mouth  and  in  the  deep  epider- 
mal layers.  In  the  epidermal  layers  we  also  find  cells  which  are  associated 
with  nerve  terminals,  the  cells  themselves  having  long  branching  processes 
We  find  nerve  terminations  either  in  a single  but  more  commonly  in  a group 
of  cells  in  connection  with  which  the  nerve  fibres  terminate.  These  cells 
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are  of  different  kinds,  the  simple  cells  found  in  connection  with  the  epirder- 
mis;  the  groups  of  cells  or  corpuscles  representing  two  or  more  cells,  larger 
than  the  simple  cells  in  connection  with  which  we  find  touch  discs 
lying  between  the  cells  forming  the  terminals  of  the  nerve  fibres. 
In  the  case  of  structures  that  consist  of  two  such  tactile  cells  we  find 
what  are  called  twin  cells,  and  in  the  case  of  more  than  two  we  find  a 
group  of  simple  tactile  corpuscles.  The  compound  tactile  corpuscles  found 
in  the  capillae  of  the  true  skin  are  particularly  associated  with  the  palm  of  the 
hand  and  the  sole  ot  the  foot.  Around  about  these  corpuscles  we  find  nerve 
fibres  in  spiral  form,  the  corpuscles  themselves  being  composed  of  flattened 
cells.  A peculiar  kind  of  these  corpuscles  has  been  called  the  end  knobs 
of  Krause,  consisting  of  a number  of  cells,  in  the  midst  of  which  we  find 
nerve  fibres,  the  whole  group  of  cells  being  joined  together  by  connective 
tissue.  These  corpuscles  are  found  in  connection  with  the  conjunctiva  and 
in  the  mucous  membrane  of  the  clitoris.  In  addition  to  these  we  find  the  end 
bulb  both  of  a simple  and  a compound  nature,  these  being  elongated,  oval 
bodies,  a nerve  fibre  entering  into  the  one  end  of  these  bodies.  The  simple 
bulb  consists  of  a modified  nerve  terminal,  an  internal  knob  being  found  in 
connection  with  the  glanular  substance,  the  knob  being  a continuation  of 
the  white  substance  of  the  nerve  fibre.  At  the  central  part  we  find  the  axis 
cylinder,  which  enters  the  lower  part  of  the  knob  and  passes  through  it  and 
terminates  at  the  upper  end.  These  end  bulbs  are  found  in  connection  with 
the  conjunctiva  and  the  mucous  membrane  of  the  mouth.  The  compound 
end  bulb  forms  the  corpuscles  of  Pacini,  being  elongated  bodies  consisting 
of  an  external  part,  an  internal  knob  and  an  axis  cylinder.  These  Pacinian 
corpuscles  are  found  in  the  connective  tissue  of  the  sole  of  the  foot 
and  the  palm  of  the  hand  and  also  in  the  connective  tissue  of  the  deep 
parts  of  the  joints  in  the  mesentery  and  the  pancreas  as  well  as  on  the  penis 
and  clitoris.  Touch  is  a sensation  associated  with  pressure  in  connection 
with  the  external  surface  of  the  body.  Some  call  it  a sensation  of  simple 
contact,  but  even  in  the  most  delicate  contact  there  is  a certain  amount  of 
pressure.  There  is  no  contact  without  some  slight  pressure.  The  pressure 
may  become  greater,  and  in  that  case  there  is  a feeling  of  resistance.  If  the 
resistance  becomes  great  it  becomes  muscular;  hence  by  the  muscular  sense 
is  meant  the  indefinite  sensation  by  which  the  state  of  the  muscles  and  the 
amount  of  concentration  necessary  to  produce  any  particular  movements  are 
determined.  Our  movements  are  guided,  partly,  at  least,  by  the  sense  of 
touch  and  partly  by  visual  and  other  sensations.  If  this  pressure  becomes 
excessive  then  we  have  the  feeling  of  pain.  The  organs  that  are  associated 
with  touch  are  characteristically  mobile,  as,  for  example,  the  fingers  of  the 
human  subject.  Tactile  sensation,  as  it  is  associated  with  the  soles  of  the  feet,  is 
very  important  in  connection  with  steadiness  in  standing  and  walking.  By 
means  of  touch  we  are  able  to  appreciate  mechanical  stimulation  and  force. 
From  the  skin  we  may  have  general  sensations,  for  example  those  produced  by 
the  passage  of  an  electric  current.  By  the  stimulation  of  the  special  sense  or- 
gans we  get  special  sensation  of  contact  pressure  and  temperature.  What  is  true 
of  the  skin  is  true  also  of  the  various  mucous  membranes  for  a short  dis- 
tance from  the  various  orifices  that  open  on  the  external  surface.  The 
intensity  of  sensitiveness  is  determined  by  discovering  the  shortest  distance 
at  which  two  points  of  a pair  of  compasses  may  be  felt.  Tabulated  results 
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have  been  made  out  to  mark  the  sensitiveness  of  the  different  parts  of  the 
body  in  the  case  of  an  adult,  for  example,  the  tip  of  the  tongue  is  repre- 
sented by  1. 1 mm.  The  tip  of  the  nose  6.8  mm.,  the  center  of  the  palm 
of  the  hand  8.9,  forehead  22.6  mm.,  the  forearm  and  leg  45.1  mm.,  and 
the  upper  part  of  the  arm,  the  thigh  and  the  central  part  of  the  back  67.7 
mm.  Not  only  is  the  skin  very  sensitive,  but  the  exact  location  of  the 
sensitive  sensation  can  be  localized.  This  localization  of  sensitiveness  de- 
pends upon  the  number  of  the  nerve  fibres.  For  example,  by  comparing 
the  tip  of  the  finger  with  the  back  of  the  hand.  It  was  at  one  time  supposed 
that  sensitiveness  was  improved  by  exercise.  It  has  been  found,  however, 
that  continued  exercise  d ies  not  necessarily  improve  sensitiveness.  The 
sense  of  absolute  sensitiveness  depends  upon  a number  of  conditions 
and  particularly  upon  the  sense  of  pressure,  determining  the  intensity 
of  the  sensation.  This  sense  of  pressure  may  continue  before  the 
mind  for  some  time  after  the  cause  producing  the  sensation  has 
passed  away,  and  this  forms  the  basis  of  the  comparison  of  different 
impresssions.  The  localization  of  the  part  touched  is  determined 
giving  us  the  means  of  determining  the  position  of  the  body  brought  into 
contact  with  the  object.  By  touching  the  body  at  different  points,  by  com- 
paring the  differing  pressures  and  estimating  the  various  points  in  space 
occupied  by  the  body  in  contact  with  the  object  the  shape  of  the  object 
may  be  determined.  In  this  way  there  is  constructed  a tactile  field  in  which 
we  find  tactile  pictures,  those  pictures  occupying  a definite  position  in  the 
field.  When  the  hand  or  fingers  are  passed  over  the  body  there  is  brought 
into  contact  with  the  fingers  there  is  formed  a number  of  tactile  pictures  so 
that  by  means  of  these  a perception  is  formed  in  regard  to  the  shape  and 
the  size  of  the  object.  If  there  is  anything  abnormal  in  the  development  of 
the  body  or  in  its  position  then  there  may  be  formed  a false  conception  of 
the  object  and  of  its  shape. 

The  commonly  accepted  theory  of  touch  is  that  developed  by  Weber 
and  Lotze.  It  is  based  upon  the  supposition  that,  although  every  tactile 
sensation  is  referred  to  a certain  part  of  the  tactile  field  it  is  to  be  referred 
to  a circular  region  of  the  skin  named  the  circle  of  sensibility.  If  two  of 
these  circles  of  sensation  overlap  each  other  then  they  cannot  be  separately 
perceived.  Each  of  these  circles  is  supplied  by  a single  nerve.  These  cir- 
cles of  sensibility  vary  in  size  in  different  parts  of  the  body,  the  area  of 
distribution  depending,  to  some  extent,  upon  the  innervation  of  the  different 
parts  of  the  body.  The  skin  has  been  regarded  as  the  localized  region  in 
which  from  an  anatomical  standpoint  these  tactile  sensations  exist.  We  must 
remember,  however,  that  the  action  of  the  nerve  fibres  and  nerve  centers  is 
of  considerable  importance  in  determining  the  sense  of  touch.  In  the  nerve 
centers  we  find  an  irradiation  of  impulses  and  it  is  impossible  that  when  the 
ltnP u se  Passes  to  the  brain  from  a localized  cutaneous  area  there  may  be  a 
diffusion  to  contiguous  cells  with  the  result  that  by  exciting  these  cells  the 
sensations  are  referred  to  the  peripheral  origin  in  connection  with  some  cuta- 
neous regions.  The  sensations  of  temperature  are  also  localized  in  the  skin. 

I his  rests  upon  stimulation  by  heat  applied  to  the  terminal  organs.  By  dip- 
ping the  elbow  into  ice  water  cold  is  experienced  at  the  elbow  and  pain  is 
e t at  the  points  of  the  fingers  in  which  are  localized  the  terminals  of  the 
u na  nerve.  f any  portion  of  the  skin  is  above  its  normal  temperature 
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there  is  heat  felt,  while  if  the  opposite  is  true  cold  is  felt.  The  normal 
r temperature  at  any  part  tjle  depends  upon  the  amount 

of  blood  that  passes  through  that  portion  of  the  body.  If  the  body  comes 
into  close  contact  with  a good  heat  conductor  cold  sensations  are  felt 
because  of  the  removal  of  heat  of  the  body.  If  heat  is  borne  to  the  body  by  a 
good  heat  conductor  then  the  temperature  is  raised.  All  parts  of  the  surface 
are  not  equally  sensitive  to  the  pressure  and  the  temperature.  Thus  the 
palmar  aspect  of  the  fingers  appreciates  pressure  much  more  delicately  than 
the  suiface  of  the  arm.  The  parts  of  the  skin  most  sensitive  to  tempera- 
ture are  the  cheeks,  the  eyelids,  etc.  It  would  seem  that  the  appreciation  of 
pressure  is  heightened  by  contact,  for  if  the  finger  is  dipped  into  mercury  the 
pressure  is  felt  especially  at  a ring  at  the  surface  of  the  fluid.  Two  points 
close  together  in  contact  with  the  skin  are  felt  at  one  point  but  the  distance 
between  the  points  necessary  to  produce  this  result  varies  widely  in  differ- 
ent situations.  On  the  tip  of  the  finger  or  of  the  tongue  the  two  points 
must  be  very  close  together  to  be  felt  at  a single  point,  while  on  the  front  a 
considerable  distance  may  separate  the  two  points  yet  the  person  supposes 
that  only  one  is  touching  him. 

It  has  been  suggested  that  the  temperature  acts  on  a nerve  fibre  termi- 
nating in  the  corpuscles  of  the  epidermis,  that  contact  stimulates  the 
nerve  fibres  of  the  touch  corpuscles  and  that  through  the  Pacinian  bodies 
pressure  is  appreciated.  When  the  skin  temperature  varies  from  fifteen  to 
thirty-five  degrees  C.  the  tips  of  the  fingers  can  appreciate  a varying  tem- 
perature of  from  20  to  30  degrees  C.  There  is  a variation  in  the  sense  of 
temperature  in  the  different  parts  of  the  body,  the  tongue  tip,  the  eyelids, 
the  cheeks  and  the  lips.  Heat  and  cold  sensations  vary  in  alternation.  If 
the  body  is  dipped  into  water  from  eight  to  ten  degrees  cold  is  felt;  if 
afterwards  it  is  dipped  into  water  from  fifteen  to  eighteen  degrees  then  there 
is  a feeling  of  warmth  succeeded  by  cold  sensation.  It  is  said  by  recent 
experimenters  that  along  the  surface  of  the  skin  there  are  small  regions 
which  are  more  sensitive  to  cold  and  heat  than  other  points,  these 
minute  areas  being  called  temperature  spots.  These  small  areas  are  said  to 
be  associated  with  hairs  found  in  the  different  parts  of  the  body.  Among 
these  have  been  localized  cold  spots  and  warm  spots,  the  cold  spots  being 
more  numerous  than  the  warm  spots.  The  excitation  of  these  points 
produces  the  sensation  of  cold  and  heat,  but  not  of  pressure.  There  is  no 
terminal  organ  associated  with  the  temperature  sensations. 

In  addition  to  the  sensations  of  pressure  and  temperature  we  find  the 
pain  sensations.  Pain  is  produced  not  by  stimulation  of  the  terminal 
organs  or  any  particular  organ,  but  by  the  overstimulation  of  any  of  the 
sensory  fibres.  These  impulses  of  pain  pass  along  the  sensory  fibres  and 
along  the  special  paths  in  the  spinal  column  to  the  brain.  The  irritation  of 
a sensory  fibre  may  produce  pain,  and  if  the  irritation  is  so  strong  as  to 
destroy  the  normal  function  of  the  nerve  there  will  be  a resulting  painful 
sensation.  It  is  not  possible  to  always  localize  pain.  This  may  be  due  to 
the  principal  of  irritation  among  the  different  nerve  centers,  the  pains  being 
often  felt  in  the  regions  entirely  different  from  the  localization  of  these 
sensations.  The  intensity  of  pain  depends  upon  the  intensity  of  the  irrita- 
tion of  the  sensory  fibres,  while  the  extent  of  the  pain  depends  upon  the 
number  of  nerve  fibres  that  are  affected,  the  quality  of  the  pain  being 
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determined  by  the  kind  of  irritation  and  the  part  affected,  as  well  as  the 
extent  and  the  continuance  of  the  pressure.  Burning,  pressing,  biting,  or 
any  of  these  acute  sensations  represent  pain  or  the  excessive  stimulation  of 
certain  sensory  regions.  Pain  has  been  spoken  of  as  “ the  prayer  of  a nerve 
for  pure  blood.”  This  is  true  physiologically  within  certain  limits.  Pain  in 
general  indicates  that  something  has  gone  astray  in  the  body  mechanism, 
the  freedom  from  pain  being  the  indication  of  the  normal  condition  of  the 
body  in  health.  Hence,  physiologically,  pain  indicates  something  abnormal, 
pointing  out  the  seat  of  some  abnormal  action,  and  in  some  cases  indicating 
physiological  rest  for  the  purpose  of  repairing  the  tissues.  It  is  not  defi- 
nitely settled  whether  the  sensory  fibres  associated  with  painful  sensations 
are  distinct  from  the  fibres  of  the  tactile  sensation.  There  seems  to  be  some 
evidence,  both  physiological  and  pathological,  in  favor  of  some  certain 
distinctions,  especially  in  the  fact  that  the  pathway  for  painful  impulses  in 
the  spinal  cord  is  different  from  that  in  the  ordinary  tactile  sensations.  In 
addition  to  this  in  certain  diseases  there  is  a loss  of  the  sensibility  of  pain, 
without  any  loss  of  the  tactile  sensations.  The  consensus  of  opinion  among 
physiologists  is  that  pain  depends  upon  an  overstimulation  either  of  the 
nerves  of  special  sense  or  of  some  of  the  general  sense  nerves.  According 
to  Prus  there  are  nerve  fibres  associated  with  the  sheaths  of  the  nerve  trunk 
whose  irritation  produces  painful  conditions  associated  with  neuralgiac 
conditions.  These  fibres  he  found  microscopically,  and  to  them  he  gave  the 
name  nervi  nervorum  periphericorum. 

All  of  the  cutaneous  conditions  depend  for  stimulation  on  some  form 
of  cutaneous  energy,  these  including  the  touch  sensations,  temperature  sen- 
sations, presssure  sensations  and  sensations  of  pain.  Muscular  sensation  gives 
us  an  appreciation  of  the  intensity  as  well  as  the  direction  of  muscular 
action.  In  connection  with  this  muscular  sense  there  is  a general  sensibility 
in  connection  with  which  we  perceive  the  position  of  our  bodies  at  rest. 
External  objects,  their  size  and  distance  from  the  body,  are  perceived  by 
sight  and  hearing.  This  knowledge  however  depends  upon  judgment  in  regard 
to  the  meaning  of  auditory  and  visual  perceptions  so  that  they  are  interpreted 
in  connection  with  the  muscular  sensation.  Our  knowledge  therefore  of  the 
external  world  depends  essentially  upon  muscular  and  tactile  sensations, 
because  all  the  other  sense  perceptions  depend  upon  these  for  correction  and 
interpretation.  The  education  of  the  mind  in  regard  to  the  external  world 
consists  in  the  collection  and  harmonizing  the  different  perceptions  gained 
from  audition  and  vision  with  the  sense  perceptions  depending  upon  the 
tactile  and  muscular  sensations.  As  soon  as  a sensation  is  felt  there  is  a 
muscular  movement  of  some  kind  which  gives  us  definite  knowledge  of  the 
nature  of  the  sensation.  Hence  the  physiological  basis  of  our  sense  knowl- 
edge depends  upon  sensations  aroused  by  external  objects  in  connection  with 
the  muscular  sense.  Some  of  the  tactile  sensations  such  as  hardness  represent 
complicated  judgments  based  upon  the  combination  of  tactile  temperature  and 
muscular  sensations.  In  its  anologies  the  tactile  sensation  is  really  the  sen- 
sation of  pressure  upon  the  cutaneous  surface.  In  order  to  test  the  sensi- 
bility of  the  skin  in  relation  to  pressure  the  hand  or  the  skin  surface  must  be 
brought  into  contact  with  the  object  and  subjected  to  pressure  in  this  con- 
tact with  the  object.  Attempts  have  been  made  to  distinguish  differences 
in  pressure  by  finding  out  the  minimum  increase  necessary  to  be  added  to  a 
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weight  in  order  to  perceive  increase  of  weight.  Weber  has  formulated  a law 
in  regard  to  the  relation  of  stimulus  and  sensation,  as  follows : the  stimulus 
that  is  necessary  to  produce  a perceptible  increase  in  sensation  is  always  in 
direct  proportion  to  the  amount  of  the  stimulus  that  is  already  applied. 
Fechner  expressed  the  same  idea  in  his  psycho-physical  principle  that  the 
intensity  of  the  sensation  varies  with  the  logarithm  of  a stimulus,  that  is,  the 
sensation  increases  in  arithmetical  proportion  while  the  stimulus  increases  in 
geometrical  proportion.  On  the  basis  of  this  law  it  has  been  found  that  the 
forehead  and  the  lips  can  appreciate  one-fortieth  of  the  weight  while  the 
skin  of  the  head  and  of  the  fingers  requires  an  increase  of  one-twentieth  in 
order  to  appreciate  the  increase.  This  indicates  that  there  is  a difference  in 
the  degree  of  tactility  in  the  action  with  different  parts  of  the  body.  In 
order  to  test  two  weights  it  is  necessary  that  they  should  press  upon  equal 
areas  of  the  skin  so  that  if  two  weights  that  are  equal  different  size 
the  one  that  touches  the  larger  area  will  seem  to  be  heavier, 
because  it  stimulates  the  larger  number  of  nerve  fibres.  This,  however' 
has  not  been  demonstrated,  although  Weber  claims  that  it  is  true. 
When  a tactile  sensation  is  felt  the  sensation  is  referred  by  the  mind  to  a 
particular  portion  of  the  body  surface  and  the  sensation  is  localized  in  that 
area.  In  connection  with  these  peripheral  areas  we  find  the  nerve  fibres, 
and  some  claim  that  there  are  nerve  cells  in  the  brain  corresponding  with 
each  of  these  minute  areas.  This,  however,  is  not  necessary,  because  it  is 
only  by  education  that  a sensation  is  localized  as  being  associated  with  a 
particular  peripheral  area.  According  to  Lotze  each  of  the  cutaneous  areas 
comes  to  possess  a local  sign  which  forms  the  basis  of  the  conscious  recogni- 
tion of  peripheral  stimulation  at  a particular  point.  These  tactile  areas  are 
circular  or  oval  in  form,  having  a long  axis.  The  tactile  sense  is  funda- 
mentally based  upon  pressure,  and  hence  the  skin  surface  has  been  mapped 
out  into  areas  corresponding  with  points  of  pressure,  these  points  being 
marked  by  the  termination  of  the  pressure  nerve  fibres.  This  tactile 
or  pressure  sense  is  a special  sense,  as  the  stimulation  passing  from 
these  local  points  to  the  nerve  centers  gives  origin  to  the  tactile  feel- 
ing or  sensation.  The  peripheral  terminal  of  the  pressure  fibre  be- 
comes modified  under  the  influence  of  certain  stimulations  so  that 
they  become  specialized  in  connection  with  particular  stimuli.  As  we 
have  seen  the  skin  is  also  the  organ  associated  with  the  perception 
of  changes  of  temperature.  This  perception  in  all  probability  takes  place 
on  account  of  particular  stimulations  imparted  to  the  skin  by  the  raising  or 
lowering  of  the  temperature  thus  stimulating  the  terminal  parts  of  the 
temperature  nerves.  These  temperature  nerves  and  their  terminals  in 
connection  with  the  cold  and  hot  spots  represent  specific  nerves  or  nerves 
of  special  sense.  In  addition  to  these  special  tactile  senses  of  pressure  and 
temperature  we  have  associated  with  the  skin  a common  or  general 
sensation.  This  points  out'  the  consciousness  that  we  have  of  the  position 
of  the  different  parts  of  our  bodies  and  their  condition  at  the  time.  Even 
in  the  absence  of  the  special  sensations  we  can  understand  and  appreciate 
our  body  position.  According  to  this  the  nerves  of  common  sensation  are 
all  the  time  active  in  bearing  impulses  to  the  sensorium  in  regard  to  the 
position  and  condition  of  the  different  parts  of  the  body  and  possibly  in 
connection  with  the  equilibrium  of  the  body.  Pain  as  we  have  seen 
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represents  the  overstimulation  of  these  nerves  of  common  sensation. 
Among  these  common  sensations  have  been  classified  sensations  of  hunger, 
thirst,  shivering,  fatigue,  etc.  All  of  these  sensations  are  subjective  and 
not  particularly  localized  in  connection  with  the  body.  In  close  connection 
with  this  common  sensation,  possibly  forming  a part  of  it,  is  what 
is  called  the  muscular  sense.  This  muscular  sense  refers  to  the  sensation 
of  pressure,  involving  both  pressure  and  resistance  to  pressure  in  connection 
with  muscular  movements.  This  may  consist  of  a perception  of  voluntary 
activity  to  perform  a definite  movement,  or  it  may  arise  from  the  action  of 
a number  of  muscles  which  are  in  activity.  Through  the  muscular  sense 
the  brain  centers  may  receive  sensations  resulting  in  information  regarding 
the  activity  of  contraction  ; the  amount  of  the  contraction  upon  which  we 
estimate  the  character  of  the  movements ; the  rapidity  with  which  the  con- 
traction takes  place ; and  the  time  during  which  the  contraction  lasts,  as 
well  as  the  position  occupied  by  the  body  and  its  different  members.  The 
sensation  of  the  direction  of  movements  is  very  complicated,  depending 
upon  visual,  muscular  and  tactile  sensations.  There  is  also  associated,  in 
part  at  least,  with  the  muscular  sense,  the  feeling  of  equilibrium  which  is 
necessary  in  connection  with  locomotion,  whether  of  the  body  or  the 
movement  of  the  members  of  the  body.  Hence  the  direction  of  these 
movements  concerned  in  the  motion  of  the  body  or  the  movement  of  its 
parts  depends  upon  the  sensations  of  pressure  resistance  and  also  the  visual 
and  tactile  sensations.  In  the  case  of  paralysis,  as  in  locomotor  ataxia,  the 
only  guide  is  the  sense  of  vision  directed  to  the  feet  and  when  this  is  inter- 
fered with  there  is  a lack  of  the  direction  of  movement  resulting  in  unsteadi- 
ness. By  the  sensory  nerves  of  the  muscles  impulses  are  carried  to  the  brain 
centers  arousing  sensations  of  muscular  resistance.  Several  theories  have  been 
propounded  to  account  for  this  sense  commonly  called  the  muscular  sense: 
(i)  that  we  estimate  the  muscular  conditions  from  the  efforts  that  are  neces- 
sary to  produce  a certain  contraction,  in  other  words,  there  is  a perception 
simply  of  the  volition  to  produce  a certain  act  and  not  what  follows  the 
volition,  the  active  effort  to  produce  the  act  or  the  motion.  (2)  That  the 
muscular  sensation  arises  directly  from  the  irritation  of  nerves  on  the  surface 
ot  the  skin  or  the  membranes  that  cover  the  muscles.  (3)  That  there  are 
special  muscular  sense  fibres  connected  with  the  muscles  which  carry  the 
impulses  thus  originated  directly  to  the  brain  centers.  To  compare  weights 
for  example  pressure  upon  the  skin  is  not  sufficient;  there  must  be  a lifting 
of  the  objects,  indicating  that  there  is  a certain  amount  of  muscle  tension 
and  that  a definite  resistance  is  necessary  against  which  the  muscle  con- 
traction takes  place.  This  seems  to  indicate  that  when  the  muscles  contract 
there  is  an  impulse  or  a series  of  impulses  passing  to  the  brain  indicating 
the  amount  of  tension  and  resistance,  the  nerves  in  this  case  being  possibly 
connected  with  the  tendon  in  which  the  muscle  rather  than  in  the  muscle  itself. 
Several  physiologists  have  localized  groups  of  muscle  fibres  at  the  origin  of  the 
tendons  in  connection  with  the  muscles  and  particularly  at  the  joints.  All  vol- 
untary movements  of  the  muscles  are  associated  with  a particular  sensation  of 

°rt  depending  upon  the  extent  of  the  contraction.  Some  claim 
that  the  muscular  sense  is  not  dependent  upon  sensory  impulses,  but  that 
the  nerve  centers  simply  send  out  voluntary  impulses,  determined  by  the 
amount  of  nerve  force  that  is  sent  out.  This,  however,  does  not  prove  that 
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the  brain  is  not  kept  in  touch  with  the  active  muscles  by  means  of  impulses 
passing  to  it  along  afferent  paths.  There  is  no  doubt  that  a keen  perception 
of  muscle  tension  exists  and  that  this  determines  the  amount  of  resistance 
that  is  associated  with  the  contraction  of  the  muscles.  This  perception  may 
depend  upon  an  immediate  consciousness  of  the  amount  of  nerve  force 
that  is  sent  out  from  the  nerve  centers,  but  it  is  also  associated  with  the  in- 
come of  sensory  impulses  indicating  the  muscle  tension.  According  to 
Golgi,  there  are  two  kinds  of  nerve  terminals  in  connection  with  tendons 
and  the  union  of  tendon  and  muscle.  According  to  Sterrington,  there  are 
terminals  found  in  connection  with  the  union  of  muscle  and  tendon,  which 
he  calls  muscle  spindles.  According  to  this,  the  fibres  that  are  found  in 
connection  with  the  muscle  are  largely  sensory  in  their  functions.  It  is  in 
connection  with  these  muscular  sensations  that  we  come  to  appreciate, 
from  the  standpoint  of  perception,  the  size,  form  and  position  of  ob- 
jects. This  muscular  sense  also  furnishes  the  means  of  interpreting 
and  verifying  the  sensations  that  originate  in  connection  with  the  other 
senses.  It  is  in  connection  with  this  muscular  sense  that  our  spatial 
perceptions,  as  well  as  the  time  relations  of  the  mental  phenomena, 
are  perceived.  The  muscles,  even  when  not  subjected  to  effort,  are 
in  a condition  of  tonicity,  this  tone  depending  upon  reflex  stimulation  in 
connection  with  the  muscular  sense.  In  regard  to  the  nature  of  the  afferent 
impulses  which  give  rise  to  this  sense  of  effort  or  muscular  sense  we  find 
that  the  impulses  as  well  as  the  pachway  along  which  they  pass  is  compli- 
cated. There  are  muscle  changes  represented  by  the  contractile  move- 
ments, there  are  cutaneous  variations  and  also  locomotor  variations,  all  of 
these  together  with  the  articular  movements  of  joints,  ligaments  and  tendons 
which  may  possibly  give  rise  to  the  different  impulses.  There  is  no  doubt 
that  the  skin  is  one  of  the  sources  of  these  sensations  in  connection  with 
pressure  and  temperature.  Some  claim  that  these  sense  impulses  gives  rise 
to  the  entire  muscular  sensations.  This,  however,  seems  to  be  erroneous. 
The  afferent  impulses  are  the  essential  to  co-ordinated  movements,  all  of  the 
body  movements  being  guided  to  a very  large  extent  by  these  efferent 
impulses.  These  co-ordinated  movements  it  is  true  that  these  co-ordinated 
movements  may  be  preserved  even  when  the  skin  and  the  skin  sensations 
are  absent.  Yet  there  are  cases  on  record  in  which  we  find  the  absence  of 
co-ordination  accompanied  by  the  absence  of  the  muscular  sense.  Hence 
these  simple  cutaneous  sensations  are  not  essential  parts  of  the  muscular 
sense.  The  sense  of  effort  or  of  fatigue  determine  the  muscular  sense  to  a 
large  extent  in  the  muscles,  the  joints,  the  ligaments  and  the  tendons.  There 
is  no  doubt  that  the  joints  and  the  muscles  do  furnish  afferent  impulses  for 
there  are  sensory  fibres  in  connection  with  these.  The  knee  jerk  is  an 
example  of  a purely  muscle  reflex  in  connection  with  the  impulses 
passed  from  the  muscle.  The  muscular  sense  is  thus  based  upon 
impulses  that  originate  from  the  muscles,  the  tendons  and  the  joints. 
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SECTION  1 II. — The  Special  Muscular  Mechanisms , Voice 

and  Speech. 

The  voice  results  from  vibrations  of  the  vocal  cords,  the  two  bands  of  elastic 
tissue  that  are  found  in  the  larynx.  We  must  distinguish  voice  from  speech, 
which  represents  a specialization  of  vocal  sounds,  to  express  ideas.  We  find  vocal 
sounds  in  some  of  the  lower  animals  which  do  not  possess  the  faculty  of  speech. 
It  is  possible  that  speech  may  be  found  without  real  sounds,  as  in  the  signs 
whipli  are  made  use  of  as  a means  of  communicating  ideas.  The  vocal  organ  is 
in  the  human  subject  in  the  upper  part  of  the  neck,  forming  a characteristic 
prominence.  There  is  an  opening  above  into  the  pharynx  and  below  into  the 
trachea.  It  is  composed  of  a cartilaginous  framework  united  by  means  of  clastic 
ligaments,  two  of  these  forming  the  true  vocal  .cords.  The  arrangement  of 
muscles  is  such  as  to  move  the  cartilages  upon  each  other  so  as  to  regulate  the 
position  of  the  cords.  The  air  is  passed  through  the  trachea  from  the  lungs 
during  expiration.  The  whole  arrangement  represents  a minutely  formed  sound- 
ing apparatus,  the  lungs  forming  the  wind-bag  and  the  trachea  the  passage  for 
the  wind  from  this  bag  to  the  sounding  apparatus  in  the  larynx.  If  two  fine 
elastic  ligaments  were  stretched  across  the  open  end  of  a wide  glass  tube  having 
a narrow  opening  between  the  edges  of  the  ligaments,  and  if  by  means  of  a 
wind-bellows  a strong  current  of  air  is  passed  through  the  tube  the  air  pressure 
in  passing  through  the  ligaments  would  force  open  the  edges,  these  margins 
springing  back  again  when  the  pressure  is  withdrawn.  If  these  were  produced 
in  rapid  succession  then  vibrations  of  the  margins  would  follow  sufficiently 
strong  to  produce  a musical  tone  or  tones.  In  this  case,  by  the  condensation  of 
the  air,  sounds  are  produced.  The  intensity  of  the  sound  would  depend  upon 
the  variations  of  the  ligaments  and  the  pitch  would  depend  upon  the  variation 
in  die  tension  as  well  as  the  amount  and  force  of  the  air;  the  larger  the  ampli- 
tude of  the  vibrations  the  greater  the  elastic  tension  of  the  ligaments.  These 
cartilages  form  the  laryngeal  framework  in  the  mechanism  of  speech.  These 
cartilages  are  connected  together  by  means  of  ligaments;  the  special  mechanism 
ot  a ocal  utterance  consisting  of  the  inferior  thvro-arytenoid  ligaments  called 
the  true  voea  cords.  They  consist  of  delicate  elastic  fibres  with  posterior  at- 
tachment to  the  anterior  projection  of  the  base  of  the  arytenoid  cartilages,  and 
uitli i anterior  attachment  to  the  middle  angle  between  the  laminae  of  the  thyroid 
caridage  rhey  continue  the  lateral  crico-thyroid  ligaments.  The  rima  glot- 
nl is  divides  the  laryngeal  cavity  into  an  upper  and  lower  part  between  tlm'two 
vocal  cords  Above  these  vocal  cords  and  between  them  and  the  false  vocal 

r'nr  llo  m<  thie  ventrjcle  of  Morgagni,  from  each  ventricle  opening 

a smaller  pouch  called  the  laryngeal  pouch  extending  between  the  superior  vocal 
cords  anteriorly  and  the  thyroid  cartilage  exteriorly?  extending  up  ti  the  upper 

Citato,  r,',:lcfrt',ase  bride  *he  w*)..  dj  3 z 

,p  ‘ v,hratlons  of  die  true  vocal  cords  m connection  with  the  passage  of  air 
Hie  upper  glottidcan  opening  is  triangular  in  shape,  the  narrow  pari  leiim 
pw.erior  ami  the  wide  put  anterior.  It  is  bounded  interiorly  by  th/epMotti? 

epl'dottidean^  olds  '’Vi  c 11  7?lmoicl  c,ar‘Uages,  •»*.  laterally  by  the  niytenokt 
, ( glottis  viewed  in  connection  with  the  larvngoscone 

appears  as  a long  narrow  fissure  on  each  side  bounded  by  the  true  vocal  cords 

t ‘ n mni-  transversely.  In  females  and  males  before  they 
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reach  puberty  the  antero-posterior  diameter  is  about  it;  mm,  and  the  transverse 
diameter  four  to  Jive  mm.  The  muscles  brought  into  play  in  connection  with 
the  vibration  of  the  true  vocal  cords  are  the  stemo-liyoid  and  the  omo-hyoid. 
the  sterno-thyroid  and  the  thyro-hyoid,  that  move  the  entire  larynx;  and*  the 
intrinsic  muscles  that  move  the  cartilages,  the  crico-thyroid,  the  posterior  crico- 
arytenoid, the  lateral  crico-arytenoid,  the  thvro-arytenoid,  the  arytenoid  and  the 
ary teno-epiglotti dean.  The  crico-thyroid  is  a short  triangular  muscle  passing 
from  the  cricoid  to  the  thyroid  cartilages.  By  the  contraction  of  this  muscle 
these  two  cartilages  are  brought  close  together,  the  thyroid  being  fixed  bv  the 
intrinsic  muscles  so  that  the  anterior  margin  of  the  cricoid  is  elevated  and  it- 
posterior  margin  is  depressed  so  that  the  true  vocal  cords  are  distended.  The 
thyro-arytenoid  has  two  parts,  the  external  and  the  internal.  Some  of  the 
fibres  of  the  anterior  part  extend  from  the  thyroid  cartilage  concavelv  to  the 
vocal  process  which  is  found  at  the  base  of  the  arytenoid  cartilage,  so  that  they 
form  a parallel  with  the  true  vocal  cords  pulling  forward  the  arytenoids  on  con- 
traction and  relaxing  the  vocal  cords.  In  this  way  the  crico-thyroids  and  the 
thyro-arytenoids  represent  antagonistic  actions.  Some  fibres  also  originate 
laterally  in  connection  with  the  cord  and  extend  obliquely  to  the  vocal  process, 
tightening  the  cord  in  front  and  relaxing  the  cord  behind  their  attachment. 
Other  fibres  project  the  margin  of  the  cord,  and  still  other  fibres  produce  the 
rotation  of  the  arytenoid  in  a direction  outward,  while  others  aid  in  pushing 
downwards  the  epiglottis.  The  posterior  and  lateral  crico-arytenoids  act  in 
opposition  to  one  another.  The  posterior  originates  from  the  posterior  part  of 
the  cricoid  cartilage  extending  to  the  base  of  the  arytenoid;  the  lateral  originates 
from  the  upper  part  of  the  cricoid  extending  to  the  base  of  the  arytenoid.  The 
arytenoid  cartilages  are  pyramidal  in  shape,  at  the  inner  angle  of  the  triangular 
base  being  found  the  true  vocal  cords  and  at  the  outer  angle  the  posterior  and 
lateral  crico-arytenoid  muscles.  By  the  posterior  crico-arytenoid  there  is  a rota- 
tion of  the  vocal  processes  from  the  inner  to  the  outer  and  a widening  of  the 
rima  glottidis,  whereas  the  lateral  cri, co-arytenoids  rotate  the  vocal  processes 
from  the  outer  to  the  inner  and  bring  the  vocal  cords  together.  The  arytenoid 
muscles  are  found  to  pass  from  the  one  arytenoid  cartilage  to  the  other  with  the 
result  that  in  the  action  of  the  muscles  the  cartilages  are  brought  together.  The 
aryteno-epiglottidean  muscles  originate  close  to  the  external  angle  of  the  aryte- 
noid, the  fibres  passing  in  a slanting  direction  towards  the  outer  and  upper 
margin  of  the  antagonistic  cartilage.  These  muscles  aid  in  approximating  the 
arytenoids,  pulling  down  the  epiglottis  and  assisting  in  the  closure  of  the  upper 
laryngeal  opening.  In  connection  with  the  elastic  action  of  these  muscles  the 
vocal  cords  become  relaxed. 

The  intensity  of  vocal  sounds  is  dependent  upon  the  extent  of  the  move- 
ments of  the  vocal  cords.  The  pitch  is  dependent  on  the  number  of  the  vibra- 
tions in  a given  time,  the  number  of  vibrations  depending  on  the  length,  the 
size  and  the  amount  of  tension  in  connection  with  the  cord.  The  higher  pitch 
depends  on  the  greater  tension  and  the  lower  pitch  upon  the  greater  length  of 
th o cords.  The  human  voice  naturally  extends  to  about  throe  octaves,  hi  the 
male  the  ,cords  are  larger  than  in  the  female,  producing  a lower  pitch  of  greater 
strength.  At  the  period  of  puberty  there  is  a rapid  development  of  the  larynx, 
the  larynx  changing  in  connection  with  the  change  of  voice.  This  change  is 
different  in  the  male  and  female,  being  much  less  in  the  female  than  in  the 
male.  In  the  female  the  glottis  increases  at  puberty  about  one-third  in  size, 
whereas  in  the  male  the  increase  is  about  two-thirds.  The  male  larynx  is 
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greater  than  the  female  hy  about  one-third.  In  old  age  the  higher  notes  become 
indistinct,  and  gradually  weaker,  the  voice  changing  in  its  character  as  the 
elasticity  is  lost,  due  to  the  ossification  of  the  cartilages  beginning  in  the  thyroid 
and  then  extending  to  the  cricoid  and  arytenoid.  The  quality  of  the  vocal 
sounds  of  the  voice  is  regulated  by  the  same  laws  that  govern  the  quality  of 
musical  tones  in  the  case  of  an  instrument.  In  a high  pitched  note  the  cords 
are  tense,  close  together  and  vibrate  at  their  margins  only.  In  producing  a low 
pitched  note  the  cords  are  more  lax,  further  apart,  and  vibrate  throughout  their 
entire  breadth.  These  different  positions  and  degrees  of  tension  off  the  cords 
are  produced  by  contraction  of  the  different  muscles  of  the  larynx.  The  range 
of  any  individual  voice  is  determined  by  the  length  of  the  vocal  cords,  the 
longer  the  cord  the  lower  being  the  pitch  of  the  voice.  Hence  in  the  adult  male 
the  vocal  cords  being  longer,  the  voice  is  deeper  than  in  the  case  of  women  and 
children.  The  longer  an  individual  makes  his  vocal  cords  at  any  particular 
moment  the  higher  the  pitch  of  the  note  produced,  because  here  the  lengthening 
of  the  cord  means  the  making  of  the  cord  more  tense.  The  quality  is  deter- 
mined by  the  various  cavities  placed  above  the  cords  which  act  as  resonators 
i hose  are  the  ventricles  of  the  larynx,  the  pharynx,  the  nasal  fossae,  the  frontal! 
sphenoidal  and  maxillary  sinuses.  As  the  entrances  to  these  become  smaller 
or  obliterated  m old  age,  the  voice  loses  its  fullness  and  becomes  characteristically 
squeaky.  The  voice  is  thus  produced  by  means  of  the  vibration  of  the  true  vocal 
cords  m connection  with  the  passage  between  them  of  expired  air  while  they 
are  brought  together  and  held  in  a condition  of  tension  by  muscular  action. 
Phe  simple  \ibration  of  the  cords  would  not  produce  a strong  sound,  hence  the 
intensity  of  the  voice  depends  upon  the  force  of  the  expired  air  and  the  action 
ot  the  resonating  cavities  that  lie  above  and  below  the  vocal  cords.  It  is  claimed 
by  some  that  the  epiglottis  discharges  an  important  function  in  the  modification 
of  vocal  sound  as  it  is  found  to  cover  the  opening  in  connection  with  the  vibra- 
tion of  the  air.  The  epiglottis  is  said  to  act  as  a sounding  board  in  forcing  the 
vibrations  of  the  air  as  these  come  into  contact  with  it. , From  each  of  the  mar- 
gins of  the  epiglottis  there  is  the  mucous  membrane  passing  downward  and 
backward  which  constitutes  the  lateral  rim  of  the  superior  laryngeal  opening 
terminating  m the  arytenoid  cartilages.  There  is  a rounded  projection  on  the 
posterior  edge  of  this  mucous  fold  consisting  of  the  Santorini  cartilage  and 
another  prominence  outside  of  it  called  the  Wrisberg  cartilage.  The  false  vocal 
cords  originate  from  the  thyroid  cartilage  and  find'  insertion  in  the  arytenoid 
cartilages,  their  free  margin  being  ligamentous.  They  approximate  in  connec- 
tion with  the  action  of  the  laryngeal  sphincter  muscles,  forming  protection 
lor  the  glottis.  It  is  claimed  that  when  the  true  vocal  cords  are  paralyzed  these 
false  vocal  cords  vibrate  and  may  be  substituted  in  connection  with  vocalization 
lor  ihe  true  vocal  cords.  By  the  combined  action  of  all  the  muscles  except  the 
crico-thyroid  and  the  posterior  erico-arytenoids  we  find  the  laryngeal  sphincter 
action.  I?y  the  action  of  the  oblique  and  transverse  arytenoid  the  vocal  cords  are 
brought  together  and  the  glottis  constricted  by  the  aid  of  the  external  thyro- 
arytenoid* and  the  lateral  erico-arytenoids.  By  the  action  of  the  posterior  crico- 
arytenoid the  vocal  cords  are  separated  and  the  glottis  enlarged.  By  the  con- 
traction of  the  crico-thyroids  the  vocal  cords  become  tightened,  whereas  they 
become  relaxed  in  connection  with  sphincter  action,  particularly  the  action  of  the 
external  thyro-arytenoid  muscles.  Thus  it  will  be  seen  that  the  combined 
action  of  different  muscles  is  required  in  connection  with  vocalization.  The 
non  e-supply  to  the  larynx  is  derived  from  the  superior  and  inferior  laryngeal 
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nerves.  The  very  delicate  surface  of  the  mucous  membrane  above  the  vocal  cm  fi  - 
re,ceivc  sensory  fibres  from  the  superior  laryngeal.  Motor  fibre.-  are  supplied  t«, 
the  crico-thyroicl  by  the  superior  laryngeal,  motor  action  being  very  cs-entia! 
in  connection  with  the  tightening  of  the  vocal. cords.  The  interior  larvngeai 
supplies  motor  fibres  to  the  other  muscles  of  the  larynx.  The  vocal  apparatus 
is  thus  found  to  consist  of  the  air,  which  is  associated  with  motive  action;  the 
larynx,  in  connection  with  which  we  find  vocal  tone;  the  pharynx,  the  thorax, 
the  mouth  and  nasal  passages,  in  connection  with  which  the  tone  is  varied, 
and  the  organs  that  are  associated  with  speech  or  definite  articulation.  Vocaliza- 
tion is  produced  by  the  vocal  cord  vibration,  the  vocal  cords  having  been  brought 
together  and  rendered  tense  in  connection  with  the  neuromuscular,  mechanism. 
Vilien  this  is  accomplished  the  expiration  of  air  presses  against  the  vocal  cords 
producing  a separation  and  a resulting  vibration  of. the. cord. 

In  connection  with  vocalization  we  must  distinguish  (1)  the  loudness  of  the 
vocal  tone.  This  depends  upon  the  amount  of  air  in  relation  to  the  extent  of 
the  vibration  as  well  as  the  force  with  which  the  expulsion  of  the  air  takes  place. 
It  also  depends  on  the  resonating  action  of  the  true  cavities  in  connection  with 
which  we  find  the  vocal  cords,  namely  the  thorax  and  the  resonating  cavities  of 
the  head,  the  resonating  action  intensifying  the  vibratory  force.  (2)  The  vocal 
pitch  depends  upon  the  length,  (he  tightness  and  the  thickness  of  the  vocal 
cords.  These  are  regulated  by  muscular  action.  (3)  The  quality  of  the  vocaliza- 
tion depends  upon  the  complex  character  of  the  vibrations  that  take  place  in 
connection  with  the  A’ocal  cords.  On  account  of  the  large  number  of  varving 
elements  in  the  mechanism  great  variation  in  quality  is  possible,  depending  upon 
variations  in  the  resonators  as  well  as  in  the  vocal  cords  themselves.  The 
muscles  possess  a remarkable  degree  of  adaptation,  modifying  the  pitch  and 
quality  of  the  vocal  tone.  This  is  due  perhaps  largely  to  the  nervous  mechanism 
that  is  brought  into  close  connection  with  the  different  muscles.  The  vocal 
cords  are  in  a condition  normally  of  tension,  so  that  variations  in  the  pitch  of 
their  notes  is  possible,  the  pitch  being  raised  by  the  contraction  of  the  crico- 
thyroid muscle.  This  does  not  account  for  the  possible  change  of  pitch  in  con- 
nection with  the  Aroice.  By  the  contraction  of  the  arytenoid  and  erieo-arvtenoid 
muscles  the  vocal  processes  are  brought  closer  together  with  the  result  that  their 
Animation  is  impossible.  Vocalization  must  thus  be  confined  to  the  vocal  cords, 
the  tension  force  of  the  crico-thyroicl  depending  upon  the  action  of  the  glottis. 
The  vocal  cords  may  also  be  shortened  by  the  contraction  of  the  thyro-arytenoid 
muscles,  this  involving  a variation  in  the  vibratory  rate.  When  this  contraction 
has  attained  its  maximum  the  muscle  relaxes  again  to  begin  contraction  after 
the  shortening  of  the  vibratory  portions  of  the  glottis.  In  this  way  we  find  sev- 
eral adaptations  in  connection  Avith  the  laryngeal  vibrating  mechanism,  each 
variation  involving  a A-ariation  in  pitch,  this  pitch  variation  being  capable  of 
still  further  variation  in  connection  Avitlr  the  cri, co-thyroid  muscle.  It  is  found 
i n connection  Avitlr  vocalization  that  Avith  Amriations  in  quality  and  in  pitch  there 
are  several  breaks  in  the  ascension  of  the  musical  scale.  These  breaks  mark 
Avhat  is  called  vocal  registration,  the  range  of  vocalization  being  determined  by 
the  extent  of  this  registration.  According  to  the  most  generally  accepted  opinion 
there  are  three  such  Arariations,  the  lowest  being  called  the  chest  voice,  the  middle 
being  called  falsetto  and  ihe  highest  being  called  head  vocalization.  The  che.-t 
voice  is  characterized  by  strong  vibrations  in  connection  Avith  the  thoracic  walls. 
Tn  passing  to  the  middle  and  the  higher  scale  thoracic  vibration  is  lessened 
and  gives  place  to  the  vibrations  of  the  hones  of  the  head.  Madam  Seeiler  dis- 
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tinguishes  five  different  conditions:  the  chest  voice,  a second  chest  voice,  a first 
and  second  falsetto  voice  and  a head  voice.  According  to  her  in  the  chest  voice 
the  vocal  ligaments  and  the  vocal  processes  are  in  vibration.  In  the  falsetto 
voice  the  vocal  processes  arc  closely  bound  together,  the  margins  of  the  ligaments 
being  in  vibration.  In  the  head  voice  there  is  a deadening  of  the  ligamentous 
vibration,  only  the  margins  of  the  ligaments  at  the  anterior  extremities  being  in 
vibration.  Ordinarily  voices  are  classified  according  to  the  elasticity  of  the 
laryngeal  parts  of  the  mechanism  and  the  resonating  action.  On  this  basis  We 
find  commonly  four  classifications  of  voices,  the  bass,  the  tenor,  the  alto  and  the 
soprano.  Speech  is  the  production  of  particular  sounds  to  express  certain  ideas. 
The  various  vowel  sounds  are  produced  by  varying  the  shape  of  the  buccal  cavity 
and  of  the  aperture  of  the  mouth  through  which  the  air  escapes.  Consonants 
are  sounded  by  placing  obstacles  of  different  kinds  at  different  places  in  the  way 
of  the  current  of  the  air.  Thus  we  speak  of  labials,  dentals,  gutturals,  etc.  The 
production  of  voice  or  formation  depends,  therefore,  upon  the  vocal  cords.  Musi- 
cal tones  depend  upon  the  vibration  of  the  true  vocal  cords.  These  notes  are 
(ailed  either  pure  or  mixed  notes,  being  made  stronger  by  the  air  resonants  in 
connection  with  the  air  passages  and  in  the  cavities  of 'the  pharynx  and  the 
larynx.  In  the  case  of  the  mixed  notes  where  there  is  a .combination  of  small 
or  less  perfect  notes,  some  of  these  are  strengthened  by  the  resonance  of  the 
cavities  above  the  vocal  cords.  This  may  he  carried  to  such  an  extent  as  to 
obscure  the  real  note  and  to  produce  an  entirely  different  quality  of  note.  Helm- 
holtz has  pointed  out  that  certain  modifications  of  the  buccal  cavity  gave  to 
vowel  tones  a peculiar  pitch  so  that  each  vowel  has  its  own  definite  pitch.  Thus 
the  quality  of  the  note  depends  upon  two  things:  (1)  The  length,  elasticity  and 

\i  nation  of  the  vocal  cords;  and  (2^)  the  action  of  the  resonating  cavities  of  the 
mouth  and  pharynx.  In  vocal  music  the  tone  seems  to  come  at  times  from  the 
throat,  at  other  times  from  the  thoracic  cavity  and  from  the  head,  and  the  notes 
aie  lerme(l  chest,  falsetto,  head  notes.  There  is  much  difference  of  opinion 
among  musical  schools  as  to  the  language  used  in  the  description  of  these  vary- 
ing registers  ot  sound.  The  older  Italians  spoke  of  three  Conditions  called  petto, 
go  1 a an  d test  a,  while  the  French  commonly  speak  of  two  registers,  the  thorax  and 
the  head,  t hese  variations  however  do  not  imply  any  marked  physiological 
variation  m the  vocal  mechanism. 

?y  t1he  ™e.  of  the  laryngoscope  the  variations  in  the  vocal  apparatus  can  be 
examined  It  is  a small  mirror  about  the  size  of  a quarter  attached  to  a large 
handle  at  an  angle  of  about  130  degrees.  It  is  put  into  the  back  part  of  the 
throat  so  that  the  light  can  be  thrown  upon  it,  the  light  being  reflected  upon  the 
glottis,  their  reflection  being  passed  back  from  the  mirror  and  then  upon  the  eye 
Dining  normal  quiet  breathing  the  glottis  is  shaped  like  a lance  between  the 

orho  vnrJi;a  ?eepin8piratli°n  t}l°  glottis  is  tWn  'vide  °pc«.  When  there  is 
be -localization  the  vocal  cords  come  close  together  either  along  their  entire 

length  or  along  the  length  of  the  ligamentous  cord,  the  space  between  the 
arytenoids  I cing  open.  At  the  beginning  of  the  sound  the  glottis  L ^opened 
he  nature  oi  the  opening  determining  the  nature  of  the  vocal  utterance.  While 
oneJ  TaCIC  hox\m]s  nre  produced  the  space  between  the  arytenoid  cartilages  is 

hm  ‘ P • bet1Wee”  i V0Cf!  COr,ls  assuming  the  form  of  an  elliptical  open- 

this  opening  being  lessened  as  the  sound  increases  in  pitch.  In  the  pr0- 

duct.on  of  the  head  voice  the  opening  between  the  arytenoid  cartilages  is  clOsed 

?h  3 7 thG  Tf  COn  S ]S  Tde  °pen>  Permitting  the  free  passage  of  air  In 
the  falsetto  voice  the  vocal  cords  vibrate  at  their  margins,  .chiefly  at  the  middle 
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vibration  at  the  other  parts  being  prevented  by  the  pressure  of  the  false  vocal 
coids.  Some  think  that  in  falsetto  the  vocal  cords  vibrate  in  their  full  length, 
forming  lines  parallel  to  the' free  margins  of  vibration.  Others  think  that  it  i- 
produced  in  the  same  way  as  the  whistling  sound. 

A oice  is  thus  a modification  of  sound,  this  modification  taking  place  in  < on- 
neetion  with  the  physiological  structure  of  the  vocal  apparatus.  J-’rom  the 
standpoint  of  speech  language  is  found  to  consist  of  a termination  of  certain 
musical  sounds,  the  vowels  and  consonants  in  the  production  of  which  we  find 
the  vibration  of  the  vocal  cords  in  addition  to  certain  forms  of  obstruction  iri 
connection  with  the  action  of  different  parts  of  the  mouth.  In  connection  with 
the  vowel  sounds  we  find  syllable  accentuation,  whereas  in  the  consonants  we  find 
sounds  that  are  produced  by  peculiar  impediments.  Articulation  represent-  a 
modified  speech  in  connection  with  the  action  of  the  lips,  the  tongue,  the  palate 
and  the  jaws.  Articulation  is  employed  to  express  ideas.  Distinct  articulation 
is  dependent  upon  carefully  adjusted  muscular  movements  found  in  connection 
with  sonation.  Vocalization  is  sometimes  distinguished  into  oral  or  spoken 
language  and  musical  or  singing  language,  the  former  kind  of  language  being 
articulated  in  connection  with  the  mouth,  while  the  latter  represents  modifica- 
tion in  the  quality  of  the  sound  taking  place  in  the  mouth.  Vowel  sounds 
are  associated  with  the  vibration  of  the  vocal  cords,  the  quality  of  the  vowel 
sound  being  determined  by  resonance  in  connection  with  the  cavities  that  arc- 
found  above  these  vocal  cords.  In  the  articulation  of  the  vowels  we  find  that 
there  is  a variation  in  the  cavity  of  the  mouth,  an  alteration  in. the  position  of  tin- 
tongue  and  the  soft  palate.  According  to  Helmholtz  the  vowel  sounds  differ  in 
quality  on  account  of  the  varying  nature  of  the  resonance  in  the  cavity  of  the 
mouth  and  also  depending  upon  the  shape  of  the  cavity  of  the  mouth,  the 
varying  shape  producing  variations  in  the  overtone.  This  depends  upon  the 
fact  that  if  the  mouth  is  placed  in  position  to  form  the  various  vowel  sounds 
there  is  a variation  in  the  pitch  of  the  primary  note  and  also  a variation  in  the 
vibratory  rate.  As  the  shape  of  the  mouth  changes  we  find  variations  in  reso- 
nance. In  the  ease  of  vowels  whose  normal  pitch  is  low  down  it  is  found  that 
they  pannot  be  sounded  without  difficulty  in  the  upper  musical  scales:  the  same 
thing  is  true  conversely  of  vowels  whose  normal  pitch  is  high,  that  they  cannot 
be  sounded  without  difficulty  in  the  lower  musical  scale.  Hence  articulate  lan- 
guage in  speech  is  very  much  more  distinct  than  that  in  music.  The  cavity  of 
the  mouth  has  a definite  pitch  for  different  vowel  sounds,  hence  if  the  same  vowel 
is  vocalized  in  connection  with  different  functions  of  the  musical  scale  there  is 
no  change  in  the  tones  whose  strength  depends  upon  resonance  although  there 
is  a difference  in  the  primary  note.  In  this  respect  vocal  resonance  is  entirely 
different  from  instrumental  resonance.  In  addition  to  this  it  has  been  found 
that  the  force  of  the  upper  partials  in  connection  with  the  vowel  sounds  is  de- 
pendent upon  the  force  with  which  they  are  produced  by  the  vocal  cords.  Hence 
vowel  quality  depends  upon  the  vibratory  action  of  the  upper  partials  and  the 
position  occupied  by  these  upper  partials  in  relation  to  the  primary  note.  Hence 
the  human  voice  is  capable  of  adjustment  and  adaptation  such  as  cannot  ho 
found  in  connection  with  a musical  instrument.  In  connection  with  whispering 
we  find  vibratory  action  associated  with  musical  notes  giving  place  to  noises. 
The  glottis  is  open  and  the  vocal  cords  are  relaxed.  Vibrations  are  found  in  flu 
larynx  and  in  the  mouth  cavity.  In  whispering  vocalization  may  take  place 
that  is  vowel  in  its  nature  on  account  of  this  many  vibrations  that  are  found  in 
connection  with  the  position  of  the  mouth.  Consonantal  vocalization  differs 
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from  vowel  vocalization  in  the  fact  that  vowel  vocalization  takes  place  in  con- 
nection with  the  vibration  of  the  vocal  cords,  the  vibrations  being  modified  by 
the  resonating  action  of  the  cavities  above  the  vocal  cord.  In  the  case  of  the 
consonants  the  sounds  are  formed  in  connection  with  the  buccal  cavity,  intensifi- 
cation of  the  sound  taking  place  in  connection  with  the  laryngeal  action.  In 
forming  the  consonants  there  is  a modification  of  the  month  cavity  either  by 
narrowing  it  or  by  closing  or  opening  the  air  passage  so  that  a characteristic 
sound  is  uttered.  The  supra-laryngeal  parts  are  the  portions  of  the  speech 
mechanism  that  produce  the  consonant,  while  the  vowels  can  only  be  modified 
by  them.  No  absolute  distinction  can  be  drawn  between  the  vowels  and  the 
consonant  on  account  of  the  fact  that  variations  in  formation  and  expression 
may  give  us  the  transition  from  the  one  to  the  other.  Three  particular  articu- 
lar regions  have  been  vocalized,  the  guttural  in  connection  with  the  soft  palate 
and  the  base  of  the  tongue;  the  lingual  in  connection  with  the  tongue  and  the 
hard  palate;  the  labial  in  connection  with  the  lips. 

It  is  (Claimed  that  in  the  formation  of  the  consonants  several  different  pro- 
cesses may  be  traced  out:  (1)  a contraction  takes  place  in  the  guttural,  lingual 
and  labial  parts  of  the  vocal  mechanism  by  means  of  which  in  connection  with 
the  expiration  of  air  we  have  the  vocalization  of  such  consonants  as  ch  and  j 
among  the  gutturals,  s among  the  linguals,  v and  f among  the  labials.  (2)  The 
perfectly  sudden  closing  of  the  articular  region  in  connection  with  which  sound 
is  produced  either  before  the  closing  or  just  at  the  transition  from  closing  to 
opening  gives  us  g and  k among  the  gutturals,  t.and  d among  the  linguals,  and 
p and  b among  the  labials.  (3)  When  the  articular  region  is  thrown  into  vibra- 
tory or  oscillatory  movements  then  we  have  the  sound  of  the  letter  r which  may 
be  either  guttural  or  lingual;  and  (4)  the  consonantal  sound  may  be  nasal  in 
its  character  as  the  air  expired  is  passed  into  the  nasal  passages.  The  result  is 
that  we  get  the  lingual  sound  n,  the  guttural  sound  ng,  and  the  labial  sound  m. 
According  to  Gretzner  the  consonants  are  divided  into  three  classes;  (1)  the 
liquids  or  semi-vowels,  which  are  either  vowels  or  consonants,  as  for  example, 
m,  n,  1,  r,  ng.  If  the  sound  is  consonantal  vocalization  takes  place  in  syllabic 
foim.  For  example,  p represents  the  abbreviation  of  a labial  vocalization.  He 
calls  n,  m and  ng  resonants  because  these  are  vowel  in  their  nature  at  the  end 
of  words  being  produced  by  vibratory  action  of  the  vocal  cords.  In  their  con- 
sonantal use  they  really  belong  to  the  second  class.  Very  little  difference  is 
found  between  the  vocalization  of  1 and  n,  the  only  difference  being  that  the 
air  is  expired  through  the  mouth  on  the  two  lateral  sides  of  the  tongue.  Its 
vowel  character  is  brought  out  in  connection  with  other  vowels  as  in  the  word 
“Play  The  letter  r represents  a vibrate  and  may  be  produced  in  different  ways, 
as  by  lip,  trilling  of  the  tongue  against  the  hard  palate,  by  the  vibration  of  the 
posterior  part  of  the  tongue  against  the  soft  palate  and  by  the  strong  vibration 
ol  the  vocal , cords.  (2)  The  explosives  are  produced  in  connection  with  an  ob- 
struiticn  to  the  passage  of  air  from  the  mouth,  lie  subdivides  this  group  into 
labials  p and  v;  linguo-palatials  t and  d,  and  gutturals  k and  g.  (3)  Frictionals 
oi  aspirates  represent  all  noises  which,  are  produced  by  the  expiration  of  air 
in  connection  with  a constriction  of  the  oral  tube  in  connection  with  which 
theie  is  found  vibrations.  There  is  no  obstruction  to  the  vocalization  and  hence 
they  are  said  to  be  continuous  sounds,  lie  subdivides  these  into  the  labio- 
dentals f,  v and  w;  the  linguals  s,  sh,  ch,  th,  z and  j.  II  is  a sound  that  is 
produced  by  the  vibration  of  the  vocal  cords  when  they  are  separated,  and  it 
may  be  produced  in  any  part  of  the  vocal  apparatus. 
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In  regard  to  the  nervous  arrangement  of  the  vocal  mechanism  we  find  that 
libres  from  the  superior  laryngeal  division  of  the  vagus  give  off  brandies  to  the 
mucous  membrane  of  the  larynx,  acting  as  afferent  fibres  in  connection  with' 
which  impulses  pass  to  the  central  nervous  system.  In  the  superior  larvngcal 
we  also  find  the  motor  fibres  for  the  crico-thyroid  muscle  which  represent.- 'the 
pnncipal  tensor  muscle  of  the  vocal  cord,  all  the  other  muscles  of  the  larynx 
being  supplied  by  the  recurrent  laryngeal  nerves.  These  motor  nerves  both  the 
superior  and  recurrent  laryngeal,  although  they  pass  along  the  vagus  truck,  really 
belong  to  the  spinal  acessory  or  to  its  branch  which  is  called  the  bulbar  accessory. 
In  connection  with  the  nervous  mechanism  a distinction  must  be  drawn  between 
the  larynx  in  its  respiratory  function  and  as  an  organ  of  vocalization.  In  respira- 
tion the  glottis  is  open,  and  when  the  breathing  becomes  labored  the  glottis  js 
enlarged  in  inspiration  and  contracted  in  expiration.  The  glottis  seems  to  be  in 
a .condition  of  tonicity  depending  upon  the  tonic  action  of  the  posterior  cric-o- 
arytenoid.  The  tonicity  is  dilatory  in  its  action,  the  center  being  found  in  the 
medulla,  possibly  in  connection  with  the  respiratory  center.  There  is  a rhythmic 
enlargement  and  contraction  during  labored  breathing  depending  upon  the 
action  of  the  medullary  centers  in  connection  with  the  sphincter  muscles.  These 
ryhthmic  changes  depend  upon  the  action  of  the  recurrent  laryngeal  nerves;  for 
if  both  of  the  nerves  are  divided  the  glottis  is  contracted.  On  account  of  the 
contraction  there  is  a dyspnoeic  condition  and  the  ryhthmic  enlargement  and 
contraction  are  destroyed,  the  glottis  being  immovable  and  resulting  in  the  loss 
of  voice.  If  the  nerve  is  divided  only  on  one  side  the  glottis  loses  its  normal 
shape,  and  in  attempted  vocalization  the  vocal  cord  on  the  divided  side  does  not 
approximate  to  the  vocal  cord  on  the  other  side,  with  the  result  that  vocalization 
does  not  take  place.  If  the  peripheral  parts  of  both  divided  nerves  are  stimu- 
lated the  vocal  cords  are  approximated  and  the  glottis  is  constricted.  In  the  use 
of  the  larynx  for  vocalization  the  recurrent  laryngeal  nerves  are  utilized  in  the 
approximation  of  the  vocal  cords.  When  this  approximation  has  taken  place 
the  larynx  is  capable  of  vocalizing  low  notes.  When  the  vocal  cords  are  resting 
they  are  sufficiently  tight  to  allow  of  vibrations  provided  they  are  approximated. 
The  cord  tension  must  be  increased,  however,  in  order  to  aid  production  of  high 
notes,  and  this  is  accomplished  by  the  action  of  the  superior  laryngeal  nerves  in 
connection  with  the  crico-thyroid  muscles.  If  these  nerves  are  divided,  the 
vocalization  of  high  notes  is  impossible.  In  vocalization,  if  a change  is  made 
from  a high  to  a low  note;  the  antagonistic  action  of  the  thyro-arvtenoid  muscles 
is  utilized,  and  also  the  action  of  the  recurrent  laryngeal  nerves.  Vocalization 
is  a voluntary  action  and  generally  depends  upon  characteristic  volition.  For 
this  reason  there  is  an  area  of  phonation  in  the  motor  part  of  the  cortex  cerebri. 
In  the  monkey  it  is  found  at  the  lowest  part  of  the  ascending  frontal  convolution, 
lying  between  the  Sylvian  fissure  and  the  lower  extremity  of  the  prac,  central 
fissure.  In  the  human  subject  the  speech  area  is  localized  at  the  posterior  part  of 
the  third  frontal  convolution,  particularly  in  the  left  hemisphere.  The  artificial 
stimulation  of  the  phonation  area  leads  to  the  approximation  of  the  vocal  cords 
and  the  closing  of  the  glottis.  The  pathway  from  this  cortical  area  to  the 
muscles  of  vocalization  pass  along  t lie  pyramidal  tract,  passing  through  the 
interna]  capsule;  in  connection  with  the  medulla  there  seems  to  be  a subordinate 
mechanism  associated  with  the  descent  of  the  pyramidal  fibres  before  they  pass 
out  along  the  laryngeal  nerves.  It  is  claimed  that  there  is  a local  area  for  ap- 
proximation and  separation  of  the  vocal  cords  found  close  together  in  the 


medulla. 


It  is  found  that  the  paralysis  of  the  motor  fibres  from  the  vagus  that 
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supply  ihe  larynx,  resulting  either  from  injury  or  from  pressure  arising  from 
tumor,  produces  a loss  of  voice.  Paralysis  may  be  found  in  the  left  recurrent 
laryngeal  in  the  case  of  aneurism  of  the  aortic  arch.  Paralysis  may  also  be  found 
associated  with  rheumatism  or  hysteric  conditions.  If  vocalization  is  paralyzed 
in  connection  with  one  of  the  vocal  cords  the  voice  becomes  falsetto  and  may 
in  seme  cases  result  in  the  entire  loss  of  phonation.  If  there  is  an  incomplete 
unilateral  paralysis  of  the  recurrent  laryngeal  nerve  we  sometimes  find  a double 
tone  associated  with  the  double  tension  of  the  two  vocal  cords.  According  to 
some  this  double  tone  is  found  in  cases  where  the  two  vocal  cords  touch  each 
other  as  in  the  case  of  tumors,  the  glottis  being  really  divided  into  two  parts 
of  unequal  size,  each  part  producing  its  own  sound.  If  there  is  mucous  in  con- 
nection with  the  vocal  cords  or  a swollen,  inflamed  or  relaxed  condition  of  the 
cord,  hoarseness  results.  When  the  vocal  cords  are  adducted  and  suddenly  made 
to  touch  each  other  the  voice  becomes  broken.  If  the  soft  palate  is  paralyzed 
there  is  a nasal  sounding  of  the  vowel,  imperfect  resonance  and  difficulty  in 
vocalizing  the  explosive  letters.  In  stammering  we  find  an  interference  with 
sound  formation.  Stammering  is  produced  by  spasmodic  contraction  in  con- 
nection with  the  diaphragm  if  it  is  prolonged.  The  expiration  of  air  is  abso- 
lutely necessary  for  vocalization,  and  as  the  spasmodic  action  of  the  diaphragm 
interferes  with  expiration,  distinct  vocalization  is  impossible.  It  may  also  be 
due  to  psychic  or  emotional  conditions,  but  in  these  cases  there  is  involved  some 
psychic  experience  with  respiratory  action,  so  that  in  order  to  prevent  stammer- 
ing all  that  is  necessary  is  to  correct  the  respiratory  action. 

SECTION  VIII. — Locomotion  and  Animal  Mechanics. 

The  form  and  posture  of  the  individual  depends  largely  upon  the  skeleton 
structure  and  the  bone  union  in  connection  with  the  different  parts  of  the 
skeleton.  The  human  skeleton  is  a firm  and  moveable  framework,  consisting' of 
about  200  bones  so  united  together  as  to  form  a single  apparatus  in  its  connec- 
tion with  the  muscles,  ligaments,  tendons,  etc.  The  human  skeleton  is  of  use 
in  determining  the  posture  of  the  body  and  locomotive  movements.  .'By  the 
union  of  the  bone  with  muscles  and  ligaments  there  is  formed  such  a framework 
as  renders  locomotion  possible.  Articulation  takes  place  (1)  by  means  of  bony 
structures,  as  in  the  bones  of  the  skull.  In  the  embryonic  stage  these  bones 
are  separated,  but  they  gradually  become  to  be  welded  together,  only  a fissure  re- 
maining to  indicate  the  former  separation;  (2)  by  means  of  cartilages.  The 
vertebrae  and  pelvic  bones  are  united  by  fibro-cartilagcs,  so  strong  as  to  permit 
of  slight  movement  only  under  the  force  of  great  pressure,  and  restoring  the 
bones  to  their  original  position  after  the  removal  of  the  pressure;  (3  by  means 
ot  bands  of  fibres.  The  carpus  and  the  tarsus  are  bound  together  by  ligamentous 
tissues,  these  ligaments  not  only  connecting  but  also  giving  freedom  for  slight 
movements;  (4)  by  means  of  joints.  The  surfaces  of  the  majority  of  the  bones 
are  so  arranged  as  to  permit  Jiee  action,  the  entering  bones  of  the  joint  being 
covered  with  smooth  cartilage  and  the  jointed  portion  being  supplied  with  a 
lubricating  synovial  fluid.  There  is  a close  junction  of  the  cartilages  at  the 
edges  of  the  joint  cavities,  so  that  not  only  is  there  free  action  in  the  ease  of 
motion,  but  also  a strong  connection  preventing  rupture.  The  bones  are  more 
strongly  united  by  means  ol  ligaments,  these  ligaments  being  used  to  strengthen 
the  joints  so  that  they  can  be  relaxed  or  tightened  according  to  the  movements 
of  the  bones,  host urc  represents  the  equilibrium  of  Ihe  body,  the  body  being 
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capable  of  being  kept  in  one  position  for  a length  of  time;  for  example,  standing 
walking,  lying.  In  order  to  maintain  equilibrium  it  is  necessary  tbat  the  center 
°f  gravity  lie  inside  the  basis  of  support.  In  the  adult,  for  example,  the  center 
oi  gravity  of  the  body  is  about  110  miliineters  above  the  middle  distance,  in  con- 
nection with  the  1 umbo-sacral  articulation,  one  and  one-hall"  mm.  anterior  to  tin* 
sacral  promontory.  In  the  vertical  position  the  basis  of  support  lies  between  tin- 
feet,  varying  according  to  the  separation  of  the  feet  from  one  another.  In  the 
erect  position  the  feet  are  separated,  the  knees  are  extended,  the  legs  are  slightly 
extended  outward,  the  pelvis  extended  backwards,  and  the  arms  extended  down- 
ward. The  body  weight  thus  rests  on  the  feet  which  normally  rest  on  the 
ground  at  the  heel,  little  and  great  toes.  When  the  basis  of  support  is  in  a single 
foot  the  equilibrium  is  diminished  so  that  if  the  gravity  line  is  only  slightly 
changed  their  is  danger  of  falling.  In  the  vertical  upright  position  gravity  is 
secured  anatomically  so  as  to  promote  stability.  The  head  is  equilibrated  on  "the 
atlas,  and  the  muscles  of  the  back  aid  in  securing  the  spinal  erectness.  The 
center  of  gravity  of  the  body  trunk  is  posterior  to  the  rotatory  axis  of  the  femurs, 
the  body  being  kept  straight  by  the  action  of  the  ilio-femoral  ligaments  and  the 
dense  fibrous  aponeurosis  surrounding  the  thigh.  The  entire  body  trunk  is  kept 
firm  upward  from  the  tihiao-tarsal  articulation.  If  there  is  movement,  even  verv 
slight,  at  this  articulation  a tendency  is  developed  to  move  the  upper  parts  of 
the  body.  Even  in  the  steady,  erect  gait  of  the  body  there  are  slight  tendencies 
to  oscillation.  In  order  to  secure  the  steadiness  of  the  body  there  arise  a number 
of  slight  muscular  movements,  at  one  time  anterior  and  at  another  time  posterior, 
so  that  body  steadiness  is  maintained.  It  is  in  connection  with  these  movements 
that  the  muscular  sense  is  developed  so  that  normal  sensations  arise  that  lead  to 
the  oscillations  of  the  body  to  preserve  equilibrium.  Yierordt  has  proved  that 
when  the  sensibility  of  the  soles  of  the  feet  becomes  greatest,  then  the  erect 
position  is  more  firm. 

The  junction  of  the  hones  constitutes  the  basis  of  the  rigidity  of  the  trunk. 
The  forms  of  joint  vary  considerably,  hut  they  have  been  classified  as  gliding, 
hinge,  saddle,  condyloid,  hall  and  socket,  and  pivot  joints.  The  joint  surfaces 
are  brought  into  contact  in  connection  with  the  ligament:  the  capsule  and  the 
muscle  tension.  There  is  a tension  associated  with  the  elastic  muscles,  and  in 
addition  to  this  muscle  tonicity  aids  in  the  preservation  of  this  tension.  The 
joint  is  fitted  by  a capsule  so  that  the  entire  space  not  filled  by  the  bone  cartilage 
or  other  tissue  is  filled  by  the  synovial  fluid,  so  that  the  joint  is  free  from  air, 
the  pressure  of  the  atmosphere  preserving  the  parts  in  close  contact  with  one 
another.  So  great  is  the  pressure  that  if  all  the  softer  parts  around  the  joint  are 
removed  the  pressure  will  keep  the  hip  joint  in  its  proper  position.  The  bone 
movements  take  place  largely  in  connection  with  muscle  contractions,  while  the 
movement  of  the  limbs  and  the  direction  of  these  movements  is  determined 
largely  by  the  surfaces  of  the  joints  and  the  limitations  that  are  found  in  con- 
nection with  the  ligament  attachments.  In  these  hall  and  socket  joints  there  is 
the  greatest  variety  of  movement,  as  is  the  case  in  the  shoulder  and  hip,  move- 
ments being  possible  in  all  directions.  The  ball  represents  part  of  a sphere 
fitted  into  a capsule  so  that  the  motion  of  the  ball  takes  place  in  connection  with 
the  depression.  The  saddle  joint  has  a double  axis  of  rotation  as  in  the  case 
of  the  trapezius  in  connection  with  the  first  metacarpal  hone.  In  such  a joint 
there  is  a possible  movement  in  two  directions,  laterally  and  from  the  anterior  to 
the' posterior.  A hinge  joint  can  move  only  in  one  plane,  the  convex  surface  of 
one  bone  fitting  into  the  cancave  surface  of  another  hone  as  in  the  case  of  the 
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humerus  and  the  ulna  at  the  elbow.  In  the  knee  joint  we  find  another  form  of 
the  hinge  joint.  The  joint  that  is  found  in  connection  with  the  lower  tibial 
extremity  and  the  astragalus  does  not  represent  a simple  hinge  joint,  so  that  there 
may  he  movement  not  only  in  connection  with  the  transverse  axis,  but  the  joint 
surfaces  may  also  move  in  the  direction  of  the  axis.  It  may  be  called  a screw 
joint.  In  the  sliding  joints  the  articular  surfaces  are  almost  fiat,  the  sliding- 
taking  place  in  various  directions,  although  the  movement  is  limited  by  the  liga- 
ments and  the  capsule.  A pivot  joint  is  found  in  connection  with  the  atlas  and 
the  axis.  A similar  kind  of  joint  modified  is  found  in  connection  with  the  articu- 
lation of  the  radius  and  ulna  by  means  of  which  phonation  and  supination  take 
place.  In  some  cases  the  bones  are  rigidly  united  together  as  in  the  case  of  the 
skull;  in  other  cases  bones  are  bound  by  cartilage  as  in  the  synchondroses  in  con- 
nection with  the  saccum  and  iliac  bones.  Very  little  movement  is  found  in  con- 
nection with  this  kind  of  bone,  but  it  is  of  value  on  account  of  its  elasticity  and 
the  stronger  resistance  it  offers  to  separation.  In  connection  with  the  joints  be- 
tween the  vertebrae,  although  the  movement  is  small  in  the  case  of  the  individual 
vertebrae,  there  is  considerable  movement  of  the  vertebral  column.  In  normal 
joint  action  there  is  a diminution  of  friction  between  the  extremities  of  the  bones 
in  connection  with  the  cartilages.  During  rest  and  movement  all  joint  surfaces 
are  in  contact,  being  held  in  position  by  means  of  ligaments  or  bands  of  con- 
nective tissue.  The  close  apposition  of  the  joints  is  preserved  by  air  pressure, 
and  between  the  cartilage  surfaces  there  is  a synovial  fluid  secreted  by  the 
synovial  membrane  which  acts  as  a lubricating  substance.  In  the  case  of  the 
hip  joint  there  is  a pressure  of  air  equal  to  the  weight  of  the  skin,  bone,  muscles 
associated  with  the  joint,  so  that  even  although  these  are  all  separated,  the  head 
of  the  femur  will  still  retain  its  position.  If  the  air  is  admitted  by  means  of  an 
artificial  opening,  the  joint  surfaces  will  separate,  whereas  if  the  air  is  extracted 
by  a pump  they  will  be  again  joined  together.  Thus  the  air  pressure  with  the 
muscular  tone  keeps  the  joint  in  close  approximation.  The  ligaments  are  de- 
signed either  to  strengthen  and  protect  the  ends  of  the  bones  or  to  prevent 
movements  in  an  irregular  direction.  For  example,  in  the  ilio-femoral  ligaments 
there  is  protection  on  account  of  the  movement  of  the  leg  too  far  outward,  so 
that  excessive  rotation  outward  is  impossible.  In  the  case  of  the  knee  joint  we 
do  not  find  a simple  hinge  joint,  but  there  are  two  lateral  ligaments,  the  internal 
and  i he  external,  and  the  semi-lunar  cartilages  between  the  bone.  By  extending 
the  leg  the  external  ligament  is  stretched,  the  internal  ligament  broadened  so 
that  in  this  extended  position  the  knee  cannot  be  rotated  outward.  By  bending 
the  knee  these  ligaments  become  flaccid,  rendering  possible  a downward  and  up- 
ward movement.  The  forward  stretching  takes  place  in  connection  with  the 
movement  inward  of  the  great  toe,  the  external  condyles  of  the  tibia  forming  a 
semi-circle  around  the  internal  condyles,  the  ligaments  checking  the  movement 
so  that  the  femur  condyles  glide  smoothly  upon  the  tibia  condyles,  without 
separation  from  one  another.  Too  much  extension  is  prevented  by  the  anterior 
crucial  ligament,  and  too  much  bending  by  the  posterior  crucial.  By  means  of 
the  cartilages  the  pressure  that  is  found  in  connection  with  the  body  trunk  is 
distributed  over  a larger  surface,  so  that  there  is  a rolling  movement  of  the 
articular  surfaces  both  laterally  and  from  the  anterior  to  the  posterior.  The 
action  of  the  muscles  is  not  direct  upon  the  bones,  but  takes  place  through  the 
tendons.  In  the  case  of  a narrow  tendon  Ihe  drawing  firmer  of  a broader  muscle 
is  fixed  upon  one  point  of  the  bone  to  be  moved  so  that  motion  takes  place  freely. 
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. . 1 1,0  muscles  are  adapted  to  tlie  bones  in  various  ways.  The  three  form- 
oi  physical  levers  are  found  in  connection  with  the  bones,  the  hone  moving  re  ore- 
sen  ting  a lever,  the  articulations  in  connection  with  a fixed  bone  being  the  ful- 
eruin  the  point  of  insertion  of  the  muscle  contracting  representing  the  power 
and  the  resistance  being  determined  by  a hindrance  offered  to  the  movements  ol 
ie  bone.  (1)  In  the  first  class  of  levers  the  fulcrum  is  between  the  power  and 
the  resistance.  In  the  extension  of  the  forearm  the  elbow  joint  is  the  fulcrum 
the  triceps  insertion  is  the  power,  and  the  resistance  is  found  in  the  forearm 
weight  m front  of  the  articulation.  In  the  ease  of  the  head  balanced  upon  the 
vertebral  column  the  articulation  between  the  atlas  and  the  occipital  bone  repre- 
sents the  fulcrum;  the  power  is  at  the  insertion  of  the  neck  muscle,  and  the  re- 
sistance is  the  head  weight  m front  of  the  articulation.  The  vertebral  column  in 
connection  with  the  balancing  of  the  trunk  on  the  pelvis  and  the  balancing  of 
the  leg  upon  the  loot  furnish  examples  of  this  same  class  of  levers,  utilized  in 
connection  with  the  stability  of  the  body  and  also  the  body  movements.  (2)  In 
the  second  class  of  levers  the  resistance  is  between  the  fulcrum  and  the  power 
fn  this  case  the  power  arm  is  longer  and  hence  its  small  force  may  overcome  a 
very  great  resistance.  It  is  not  common  in  the  body.  If  the  body  weight  i< 
being  lifted  from  the  ground  by  the  hands,  where  the  hands  rest  on  the  floor 
would  represent  the  fulcrum,  the  resistance  would  he  at  the  elbow  joint,  and 
the  power  would  represent  the  triceps  force.  In  elevating  tiie  body  on  the 
tiptoes,  the  fulcrum  is  where  the  toes  touch  the  ground,  the  resistance  is  the 
body  weight  that  is  transmitted  to  the  astragalus  through  the  tibia,  and  the 
power  would  be  represented  by  the  junction  of  the  tendo-aehilles  and  the  oscalcis. 
(*  ) In  the  tliiid  kind  of  lever  the  power  is  between  the  fulcrum  and  the  resist- 
ance.  Ileie  the  arm  of  resistance  is  longer  than  the  arm  of  power,  and  it  is  of 
value  chiefly  in  connection  with  rapidity,  being  sometimes  called  the  lever  of 
rapidity.  This  is  the  common  lever  found  in  connection  with  human  bodv 
movements.  In  bending  the  forearm  upon  the  arm  the  articulations  of  the  elbow 
represent  the  fulcrum,  the  flexor  insertion  the  power  and  the  weight  of  the  fore- 
arm f he  resistance.  The  application  of  the  power  is  usually  made  near  to  the 
fulejum,  and  hence  the  arm  of  power  is  usually  short  as  compared  with  the 
resistance  arm.  In  this  way  the  movements  are  rapid,  and  the  seeminglv 
clumsy  appearance  of  the  limbs  is  rendered  unnecessary.  The  power  is  most 
advantageous  when  it  is  at  right  angles  to  the  direction  of  the  lever,  as  in  the 
case  of  the  arrangement  found  in  connection  with  the  masticatory  muscles,  the 
muscles  of  the  calf  of  the  leg  arid  the  head  flexor  muscles.  In  other  cases  the 
power  is  pulling  in  connection  with  the  muscles  in  a slanting  direction,  and  the 
pouer  can  be  estimated  by  the  parallelogram  of  forces,  the  one  side  correspond- 
ing with  the  bone  and  the  other  corresponding  with  the  perpendicular  line 
drawn  from  the  point  of  attachment  in  connection  with  the  muscle.  The  extent 
of  the  force  depends  upon  the  muscle  attachment,  and  hence  it  is  less  as  the 
angle  becomes  more  acute  between  the  muscle  tendon  and  the  hone.  In  the 
case  of  the  extension  of  the  arm  the  flexor  muscles  are  acting  disadvantageous!}' 
on  account  of  the  fact  that  much  force  is  spent  in  the  drawing  of  the  radius  and 
ulna  in  opposition  to  the  humerus  so  that  this  force  cannot  he  utilized  in  move- 
ment. On  account  of  the  fact  that  the  elbow  is  bent,  the  force  exerted  conies 
to  he  directed  more  at  right  angles  to  the  forearm  bones  with  Iho  result  that 
re  is  an  increased  leverage.  This  leverage  increases  in  connection  with  the 
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muscles,  is  associated  with  the  lessening  of  the  slanting  in  connection  witli  the 
enlargement  of  the  heads  of  the  bones  and  by  flic  projection  of  tlie  bone  pro- 
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cesses  as  well  as  the  sessamoid  hones  in  connection  with  the  tendons.  When  a 
muscle  contracts  its  points  of  attachment  approximate,  with  the  result  that  the 
direction  of  the  movement  is  regulated  by  the  direction  of  the  force  in  the 
muscle  brought  to  bear  upon  the  bones.  In  some  joints  the  joint  surfaces 
as  well  as  the  ligament  attachments  modify  these  movements,  but  if  this  is  not 
the  case  the  movement  depends  upon  the  action  of  a number  of  muscles  and  not 
of  a single  muscle.  In  some  cases  we  find  the  muscle  attached  to  two  bones;  the 
bones  being  moveable,  the  effect  of  the  muscle  contraction  depending  upon  which 
end  of  the  muscle  becomes  fixed  in  connection  with  the  contractions  of  the 
muscles.  In  some  cases  the  muscles  take  in  two  joints  between  their  attachment, 
and  thus  complicate  the  results.  The  delicate  adaptation  of  co-ordinate  muscle 
movement  depends  upon  the  fact  that  in  addition  to  muscle  contraction  we  find 
the  opposition  of  muscles  involved.  By  means  of  the  inhibition  of  these 
muscles  there  is  a careful  adjustment  of  muscle  tension  enabling  the  muscles 
to  perform  very  delicate  movements.  The  elasticity  of  the  muscles  as  well  as 
its  tonicity  forms  the  basis  of  rapid  action,  and  also  prevents  a strange  condition. 
In  some  cases  the  muscle  shape  has  an  important  bearing  upon  its  action.  In 
the  muscle  we  find  a large  number  of  muscle  fibres,  each  fibre  representing  a con- 
tractile force.  As  the  muscle  increases  in  length  there  is  a greater  number  of 
these  contractile  mechanisms,  with  the  effect  that  the  contraction  is  increased,  as 
in  the  case  of  the  sartorius  muscle,  which  is  capable  of  a great  many  movements. 
Hence  the  powerful  activity  of  the  muscle  depends  upon  its  possessing  a great 
number  of  muscle  fibres.  Simple  movements  such  as  these  seldom  take  place 
in  connection  with  the  body  movements;  the  movements  of  one  bone  in  connec- 
tion with  another  usually  call' for  the  action  of  a number  of  muscles  which  co- 
operate together  in  producing  the  movement.  In  the  movement  of  the  fore- 
arm, for  example,  from  a downward  to  an  upward  position,  many  muscles  are 
brought  into  play.  In  the  movement  of  the  lower  jaw  upward  the  temporal 
and  masseter  unite  in  double  movement,  for  the  bending  of  the  forearm  upon 
the  arm  the  biceps  and  the  brachialis  anticus  also  unite  in  a double  movement; 
similarly  in  the  flexion  of  the  foot  we  have  the  action  of  the  gastrocnemius  and 
the  soleus. 

In  some  cases  the  muscle  is  found  in  connection  with  a single  joint  as  in 
the  brachialis  anticus,  whereas  in  other  cases  it  is  found  in  connection  with  two, 
as  in  the  biceps  muscle.  Often  there  is  a loss  of  power  on  account  of  the  slant- 
ing direction  of  the  insertion  of  muscle  tendons  in  the  bones,  when  muscles  act 
in  antagonism  with  each  other,  and  by  the  slanting  of  fibres  in  different  direc- 
tions even  in  the  same  muscle.  The. slanting  attachment  is  sometimes  lessened 
by  the  enlargement  of  the  heads  of  the  hones,  the  protuberances  as  well  as  by  the 
existence  of  the  sessamoid  bones,  and  the  pulleys  in  which  the  direction  of  the 
tendon  is  subjected  fo  change  and  Ihe  presence  of  the  pulley  as  mechanisms,  in 
the  case  of  the  superior  oblique  muscle  of  the  eyeball.  The  quadriceps  extensor 
is  rendered  efficient  by  the  action  of  the  patella  in  order  to  prevent  the  bones 
of  the  leg  from  being  pulled  against  the  lower  part  of  the  femur.  By  means 
oi  ihe  patella  the  tendon  fibres  arc  pulled  forward  and  attachment  is  made 
obliquely  to  the  tibia.  In  the  attachment  of  muscle  and  hone  of  the  human 
body  there  is  a considerable  loss  of  force,  although  this  is  in  part  made  up  for 
b.v  increased  motion,  h.ven  during  rest  the  muscles  are  slightly  extended  so 
that  they  ha\e  an  elastic  action  in  connection  with  the  bones.  In  this  way 
power  is  saved  because  the  muscles  are  in  a constant  tonic  condition  of  contrac- 
tion, and  are  fully  prepared  to  act  at  the  slightest  stimulus  to  activity.  If  one 
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antagonistic  set  of  muscles  acts  there  is  an  effect  on  the  opposite  set  as  in  the 
case  of  the  flexors  and  extensors  of  the  arm.  Thus  the  latent  elasticity  is  called 
nun  pkiy  so  as  to  keep  up  the  normal  movement  of  the  limb.  The  muscle 
sheath  has  an  important  bearing  upon  its  activity.  The  muscle  consists  of  a 
great  number  ot  fibres  representing  a series  of  contractile  forces.  If  the  fibres 
are  long- as  in  the  sartorius  there  is  the  action  of  a great  number  of  mechanisms 
so  that  there  is  greater  power  of  extended  movements.  Muscular  power  is  pro- 
portional to  the  cross-section  area  of  the  muscles  and  to  the  amplitude  of  it- 
movements.  The  power  of  movement  as  well  as  its  extent  is  usuallv  in  propor- 
tmn  to  the  length  of  the  muscles,  but  this  represents  a small  power  compared 
with  the  larger  power  found  in  the  thicker  muscles  with  a greater  number  of 
fibres  as  m the  case  of  the  peroneus  longus. 

THE  ERECT  POSTUKE. 

There  is  very  little  muscle  exertion  necessary  to  maintain  the  erect  posture, 
kt  is  simply  the  balancing  of  the  body,  preserving  the  center  of  gravitv  over 
the  basis  of  support.  In  this  erect  posture  the  centre  of  gravity  of  the  head  i- 
anterior  to  the  oceipito-atlantal  articulation,  so  that  the  head  ‘is  free  to  move 
forward.  The  centre  of  gravity  of  the  body  including  the  head  is  in  a line 
slightly  posterior" to  a line  drawn  between  the  hip  joint  centers,  giving  the  bodv 
a tendency  to  backward  movement.  The  gravity  line  of  the  head  trunk  and  the 
upper  parts  of  the  lower  limbs  is  slightly  posterior  to  the  axis  of  the  knee 
joints;  the  gravity  line  of  the  entire  body  is  slightly  anterior  to  the  line  joining 
the  knee  joints.  It  is  this  that  makes  the  body  tend  to  bend  the  ankie  and  the 
knee  joint.  In  order  to  the  erect  position  the  muscles  must  be  active,  other- 
wise the  dead  body  could  stand  upon  its  feet  as  well  as  the  living  body.  If  -i 
person  is  lecjuiied  to  stand  upon  the  feet  for  a long  time  a fatigued  feeling  re- 
sults. There  are  a number  of  standing  attitudes.  In  the  soldier  posture"  the 
heels  are  together,  the  toes  being  turned  outward,  the  legs  straightened  and  in  a 
paiallel  line,  the  pelt  is  being  thrown  back  and  the  vertebral  column  straightened, 
with  the  straight,  forward  look  in  connection  with  the  eyes.  Very  few'muscl os 
are  necessary  to  maintain  this  posture,  as  the  knee  extension  throws  the  gravity 
line  a little  antenor  to  the  rotatory  axis,  extending  the  ligaments  and  stiffening 
the  joints.  The  throwing  backward  of  the  pelvis  throws  the  gravity  line,  a little 
posterior  to  the  hip  joint,  extending  the  ilio-femoral  ligament.’  The  ankle 
joint  is  strengthened  by  the'tension  of  the  muscles  in  the  calves  of  the  legs  so 
that  the  body  is  prevented  from  falling  forward.  Muscular  action  also  balances 
the  head  and  strengthens  as  well  as  straightens  the  spine.  While  this  posture 
is  very  stable  it  is  not  very  comfortable,  chiefly  on  account  of  the  fixation  of  the 
muscles.  Less  fatigue  is  felt  by  allowing  the  muscles  to  flex  somewhat,  main- 
taining the  body  in  balance  by  the  muscles,  particularly  if  the  positions  change 
frequently  so  as  to  change  the  action  of  the  muscles.  The  best  resting  posture 
is  to  support  the  body  weight  upon  one  leg,  the  pelvis  being  thrown  back  in 
such  a way  as  to  rest  the  body  weight  upon  the  femur,  the  other  limb  being  made 
use  of  to  support  and  stay  the  weight  of  the  body.  It  is  impossible  to  preserve 
the  body  in  an  absolutely  stable,  erect  position  for  a .considerable  time,  because 
the  body  tends  to  move.  Every  individual  has  a characteristic  swaying  move- 
ment, associated  with  the  body.  In  order  to  maintain  equilibrium  afferent  im- 
pulses must  pass  to  the  co-ordinating  centers,  so  that  efferent  impulses  may  pass 
out  to  the  muscles.  If  these  impulses  are  suspended,  as  by  the  closing  of  the  eyes, 
then  the  equilibrium  of  the  body  is  interfered  with.  The  same  thing  would  be 
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true  of  tlie  suspension  of  the  sensory  impulses  from  the  feet,  the  joints,  the 
muscles,  etc.,  the  effect  of  this  swaying  movement  of  the  body  being  to  remove 
the  pressure  from  time  to  time,  localizing  it  at  different  points  so  that  the  muscles 
might  be  continuously  active  in  bearing  up  the  strain  of  the  body  weight. 

LOCOMOTION. 

When  there  is  a deviation  from  the  erect  posture,  the  body  assumes  various 
attitudes,  such  as  walking,  running,  etc.  Animal  movements  were  carefully 
studied  by  means  of  observations,  and  more  recently  by  means  of  measurement's, 
and  the  use  of  delicate  instruments,  such  as  those  invented  by  Marey;  they  have 
also  been  studied  in  connection  with  the  instantaneous  photographic  methods. 
We  are  indebted  to  the  investigations  of  Marey,  and  the  instruments  he  has  in- 
vented for  most  of  our  information  on  this  subject.  By  the  use  of  a shoe  with 
a thick  sole  in  which  there  is  an  air  chamber  communicating  by  means  of  a tube 
with  a recording  tambour,  when  the  foot  presses  upon  the 'ground  there  is  .a 
compression  in  the  air  chamber,  and  this  is  transferred  to  the  tambour  to  tie 
recorded  on  a cylinder  borne  in  the  hands.  A tambour  is  also  put  on  the  head 
to  record  the  vibrations  and  oscillations  of  the.  body,  so  that  three  tambours  re- 
cord tire  movement,  one  for  the  body  and  two  for  the  feet.  In  the  case  of 
walking  the  body  never  leaves  the  ground,  one  or  other  of  the  feet  touching  the 
ground  while  the  body  is  moved  forward.  Before  the  walking  movement  begins 
the  body  weight  is  thrown  on  one  leg,  the  other  leg  falling  back  while  the  knee 
and  ankle  become  flexed.  Then  the  body  is  inclined  slightly  forward,  after 
which  the  leg  that  is  behind  is  extended  and  the  body  is  thrown  forward.  As 
the  center  of  gravity  is  moved  forward  from  the  leg  that  supports  the  body,  the 
movement  of  the  other  leg  provides  a support  for  tin?'- body.  As  this  body 
weight  falls  upon  the  leg  moved  forward  the  other  leg  i AT  tee,  and  then  thrown 
back  again.  The  forward  movement  of  the  body  is  caused  by  the  inclination 
forward  which  tends  to  throw  the  body  forward,  and  it  is  also  due  to  the  pushing- 
action  of  the  leg.  Very  little  action  is  performed  by  the  body  in  the  act  of 
walking,  the  swinging  movement  of  the  leg  being  pendular  and  largely  passive. 
Muscular  action  is  necessary  or  order  to  create  these  movements.  Gradually  the 
leg  that  sup-ports  the  body  leaves  the  ground,  the  large  toe  being  the  last  to 
touch  the  ground,  so  that*  when  it  leaves  the  ground  complete  extension  of  the 
leg  takes  place,  the  in,clinbd  position  being  assumed  instead  of  the  vertical  po- 
sition by  the  horizontal  movement  of  the  pelvis.  There  is  a slight  flexure  of  the 
hip  joint  with  the  result  that  the  extended  limb  is  too  short,  becoming  a swing- 
ing limb,  this  pendular  movement  taking  place  in  connection  with  the  action 
of  the  extensor  muscles  vfhieh  come  into  play  to  lengthen  the  limb,  with  the 
result  that  the  pendular  leg  becomes  the  supporting  leg  when  the  foot  touches 
the  ground.  One  leg  assumes  the  position  of  pushing  the  body  while  the  other 
is  resting,  the  leg  that  is  supporting  the  body  being  extended,  the  body  being 
prevented  from  falling  forward  by  the  swinging  movement  of  the  other  leg, 
which  results  in  the  forward  movement  of  the  center  of  gravity.  By  the  trans- 
ference of  the  body  weight  from  one  leg  to  another,  there  is  produced  a slight 
oscillation  laterally,  which  produces  a swaying  motion  sideways  that  is  pre- 
\ented  from  becoming  excessive  by  the  strengthening  of  the  leg  in  the  pendular 
movement.,  producing  a slight  up  and  down  movement.  This  tendency  to  oscil- 
late the  gravity  center  laterally,  is  prevented  from  becoming  excessive  by  the 
action  of  the  arms,  the  oscillations  upwards  being  prevented  by  the  extension 
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ot  the  moving  leg  assisting  in  the  support  of  the  pelvis,  while  the  other  limb 
is  being  moved  forward.  Movement  forward  of  the  leg  is  not  a muscular  action 
but  depends  rather  upon  the  swinging  forward  of  the  leg  through  the  are  of  a 
circle.  W hen  the  body  becomes  exhausted  then  the  muscles  are  called  into 
action.  Kapidity  in  walking  is  accomplished  by  the  forward  inclination  of  tin- 
body,  and  the  increased  flexure  of  the  legs,  so  as  to  permit  of  a greater  force 
pushing  the  body  forward  by  the  movement  of  the  leg,  the  muscles  asdstim'  in 
the  change  of  the  gravity  line.  In  rapid  walking  the  leg  that  is  advancing  norm  - 
to  the  ground  before  the  complete  oscillation  has  taken  place.  The  rapiditv 
with  which  the  limb  advances  depends  upon  its  length  or  on  the  separation  of  it< 
gravity  center  from  the  point  of  rotation.  The  rapiditv  of  the  swaying  motion 
of  the  limbs  is  determined  by  the  pendular  swing  in  connection  with  gravity, 
i he  velocity  is  increased  by  depressing  the  center  of  gravity  in  connection  with 
the  body,  the  increase  of  the  limb  flexion,  the  increase  in  the  force  with  which 
the  advancing  limb  leaves  the  ground  or  strikes  against  it  as  well  as  by  inereas- 
ing  the  length  of  the  steps  and  shortening  the  time  during  which  the 
supporting  limb  rests  upon  the  ground.  Thus,  while  the  body  is  being  moved 
forward  it  is  supported  by  the  feet,  one  foot  always  being  in  .contact  with  the 
ground.  Before  the  movement  of  the  body  begins  the  body  weight  rests  upon 
one  leg,  the  other  leg  falling  backward,  the  knee  and  ankle  being  bent.  Then 
the  body  is  slightly  inclined  forward,  and  the  limb  that  is  behind  "is  extended  to 
its  full  length,  impelling  the  body  forward.  The  work  that  is  done  bv  the 
limb  in  walking  is  very  limited,  because  the  swing  of  the  limb  is  a passive  action. 

In  the  case  of  running  there  is  a greater  inclination  of  the  body  than  in 
walking,  the  leg  that  is  behind  leaving  the  ground  before  the  advancing  leg 
reaches  the  ground.  In  this  case  there  is  a short  period  during  which  the  bodv 
is  not  supported  by  the  legs.  Thus  the  body  has  a greater  inclination,  there 
being  a greater  flexure  of  the  legs  and  greater  vertical  oscillation.  The  body 
is  driven  on  by  a succession  of  springing  movements,  at  times  both  feet  being 
removed  from  the  ground,  the  one  leaving  the  ground  before  the  other  readies 
it,  the  rapidity  of  the  running  movement  depending  upon  the  fonvan}  inclina- 
tion of  the  body  and  the  strong  action  of  . the  muscles,  the  vertical  body  oscilla- 
tion being  greater  than  in  the  case  of  Avalking. 


ANIMAL  MECHANICS. 

One  of  the  characteristics  of  life  is  motion,  living  beings  having  been  com- 
pared in  all  ages  to  machines.  In  the  animal  we  find  a mechanism  of  levers, 
pulleys,  valves,  etc-.,  the  working  of  all  this  mechanism  being  called  animal 
mechanics.  These  mechanisms  are  dependent  upon  the, vital  force  for  motivity. 
life  setting  these  mechanisms  in  motion  and  keeping  the  motion  continuous,  as 
well  as  in  adaptation  to  the  mechanical  life  and  the  purpose  of  the  mechanism. 
Motion  is  manifested  in  connection  with  functional  life.  Properly  speaking, 
animal  mechanics  would  cover  the  entire  mechanism  of  motion  in  connection 
with  the  heart,  the  blood  vessels,  the  lungs,  the  intestines,  the  glands,  as  veil  as 
the  mus,cles  and  the  hones — all  of  these  movements  being  essentially  associated 
with  the  organic  life.  A distinction  has  been  made  between  movements  that 
are  involuntary  and  those  which  are  voluntary;  the  former  being  said  to  be  asso- 
ciated with  the  organic  life,  whereas  the  latter  are  associated  with  the  relative 
life  of  muscular  action  and  locomotion.  This  distinction,  although  claimed  to 
be  based  on  anatomy  and  physiological  function,  is  really  not  so;  it  is  claimed 
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that  here  we  have  the  essential  difference  between  the  muscle  force  of  the  organic 
life  in  connection  with  smooth  muscle  under  the  nervous  influence  of  the 
sympathetic  system,  as  compared  with  the  muscular  force  that  depends  upon  the 
striped  muscles,  in  obedience  to  the  nervous  action  of  the  cerebro-spinal  system. 
This  distinction,  as  we  have  seen,  cannot  be  carried  out,  because  the  heart  is  an 
organ  which  is  associated  'with  both  the  striped  and  the  unstriped  muscle,  and 
hence  is  very  closely  related  to  the  voluntary  muscles.  This  question  of  volun- 
tary or  involuntary  action  does  not  enter  into  the  discussion  of  animal 
mechanics,  because  in  connection  with  the  generation  of  motion  it  is  necessary 
to  have  muscle  fibre,  blood  vessels  and  nervous  action  to  excite  these  fibres  to 
activity.  In  this  way  we  have  the  complexity  of  voluntary  and  involuntary  ele- 
ments associated  with  the  action  of  the  animal  mechanism.  All  that  was  said 
in  connection  with  muscle  and  nerve  applies  here  in  relation  to  the  motor  and 
locomotor  mechanisms  that  are  found  in  connection  with  the  human  body.  We 
are  not  concerned  in  the  discussion  or  definition  of  force;  all  that  is  necessary 
for  our  purpose  is  to  know  that  when  matter  acts  or  passes  through  a change 
there  is  a phenomenon,  the  unknown  cause  which  has  produced  this  phenomenon 
being  called  force.  Hence  force  cannot  be  separated  from  matter;  it  is  inde- 
structible, and  although  we  speak  of  the  forces  of  nature  as  being  many,  the 
forces  of  nature  can  be  reduced  to  a unit,  although  the  force  may  assume  different 
forms.  We  have  seen  that  muscle,  when  artificially  stimulated,  is  capable  of 
exhibiting  certain  phenomena  of  motion,  these  artificially  produced  motions 
giving  us  some  insight  into  the  normal  movements  that  we  find  in  connection 
with  the  human  body.  By  the  stimulation  of  a nerve  we  have  also  seen  that 
an  impulse  may  be  originated  and  communicated  through  the  nerve  to  a muscle 
or  muscles,  with  the  result  that  contraction  takes  place  in  the  muscles  on  the 
basis  of  an  exciting  cause.  In  living  animals  the  neuro-muscular  relations  are 
preserved  intact,  and  the  measure  of  these  relations,  as  well  as  the  work  that 
is  involved  in  these  relations,  is  a matter  involving  considerable  difficulty,  al- 
though it  forms  the  basis  of  mechanical  work  in  connection  with  the  animal 
life.  _ A motor  can  work  only  on  the  condition  that  effort  is  involved,  and  that 
this  is  associated  with  motion.  In  the  contraction  of  muscle  no  external  work 
is  done  except  during  the  contraction.  When  the  contraction  limit  has  been 
reached  then  there  is  no  work  performed,  although  considerable  effort  may  be 
involved  in  sustaining  .the  contraction.  It  is  evident  that  ihe  same  forces  are 
at  work  in  the  living  animal  mechanism  as  we  find  in  the  arbitrary  field  of  dead 
muscle  and  nerve.  In  the  lifeless  machine  we  find  certain  organs  which  a,ct  as 
media  between  the  forces  that  are  used  and  the  resistance  overcome  In  the 
same  sense  we  find  organs  in  the  animal  mechanism,  so  that  the  laws  of  mechanics 
are  applicable  to  the  living  machine  in  the  same  sence  as  to  the  lifeless  machine 
In  order  to  utilize  a certain  amount  of  force  it  is  necessary  to  combine  if  in  such 
a way  that  its  effect  may  be  concentrated.  The  amount  of  work  represents  the 
result  of  the  resistance  multiplied  by  the  space  through  which  it  passes.  These 
factors  vary,  and  hence  we  find  differences  in  the  amount  of  work  that  is  done 

Of  3 u i!  1 mUSC>  th®  larger  a muscle  is  is  capable  of  a greater  amount 
I"? k;f  tl,c  t™e  lhe  contraction  of  a muscle  is  in  proportion  to  the 
, I'-dh  of  the  muscle.  B hen  a muscle  is  contracting  it  is  shortened  and  this 
rfwrtonmg  » influenced  by  the  fact  that  it  is  in  close  relation,  by  oridn  and 
nsortion,  noth  bone  or  tendon.  The  amount  of  work  that  is  done' by  a muscle 

brlI3^'d,,  heTklIf-'  "*.*?  I""*""*  *ftion  of  the  .muscle;  in  other 
’ t0  lts  'ol""10'  In  tins  way  it  is  possible  to  find  out  what  force  is  possessed 
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by  a muscle  and  to  compare  it  with  the  force  of  other  muscles  as  well  as  to  find 
out  the  form  which  the  work  assumes  that  the  muscles  perform.  In  regard  to 
the  form  assumed  by  the  muscular  work,  it  can  he  easily  determined  from  tin- 
form  of  the  muscle.  In  the  case  of  a short  and  thick  muscle  there  is  a strong 
effect,  whereas,  if  the  muscle  is  long  and  thing,  its  action  will  extend  over  a 
longer  range,  while  the  energy  will  he  more  feeble.  In  the  case  of  the  sterno 
mastoid  and  the  sartorius  we  find  an  extended  range  with  a large  extent  of  move- 
ment. In  the  large  pectoral  muscle  we  find  a muscle  that  is  capable  of  «tron-_r 
action  with  slight  contraction. 

In  connection  with  the  muscles  as  we  find  them  in  the  human  body  there  is 
a specific  force  associated  with  the  muscle-tissue  as  we  find  it  in  different  animals. 
Hence,  according  to  Weber,  frog  muscle  is  capable  of  energy  equal  to  692  grains 
per  square  centimeter,  while  the  human  muscle  is  capable  of  1,087.  It  is  also 
stated  that  the  frog  works  with  a pressure  that  is  below  one  atmosphere,  while 
in  the  case  of  human  muscle  the  pressure  is  greater  than  that  of  a single  at- 
mosphere. We  pahnot  apply  all  of  the  mechanical  principles  that  are  found 
in  connection  with  lifeless  mechanisms  to  the  living  mechanism  of  the  human 
body.  This  is  rendered  impossible  on  account  of  the  variations  found  associated 
with  nutrition,  as  well  as  the  exercise  of  the  will  power.  Hence  the  living 
menehanism  is  distinguished  from  the  lifeless  mechanism  from  the  fact  that  the 
former  is  free.  Muscle  can  act  only  when  it  is  in  connection  with  the  living 
vessels  and  nerves  of  the  organism.  The  same  thing  is  true  of  the  bones.  The 
blood  Lcirculation  is  carried  on  on  the  hydraulic  principle  by  means  of  a pump, 
valves  and  tribes;  but  there  is  a fundamental  difference,  the  heart  being  a pump 
in  which  there  is  no  piston,  its  variations  depending  upon  the  varying  contractile 
conditions  associated  with  the  blood  vessels.  In  the  living  human  body  it  is 
possible,  to  a limited  extent,  to  estimate  the  dynamic  force,  but  this  cannot  be 
estimated  so  absolutely  on  account  of  the  fact  that  fatigued  or  exhausted  con- 
ditions are  associated  with  the  living  animal,  such  as  we  do  not  find  in  connec- 
tion with  the  lifeless  machine. 

In  regard  to  form  as  applied  to  the  different  organs  of  the  body  and  the 
nature  of  the  functions  that  these  organs  discharge,  we  find  the  special  adapta- 
tion of  particular  organs  to  particular  functions.  Hence  we  find  that  the 
transverse  section  of  the  muscle  represents  activity;  in  the  athlete,  for  example, 
this  being  a sign  of  athletic  force.  In  regard  to  the  length  of  the  muscles,  we 
find  that  there  is  a measure  in  the  length  of  the  extent  of  the  movement  of  which 
the  muscle  is  capable.  Here  we  have  the  distinction  between  the  contractile 
fibre  and  the  practically  non-contractile  fibre  that  is  found  in  the  tendon.  AA  hen 
the  muscle  is  shortened  under  contraction  this  shortening  represents  a constant 
factor  which  is  represented  at  about  one-third  of  the  length  of  the  muscle.  In 
this  way  we  are  able  to  estimate  the  contractile  force  of  the  muscle.  All  the 
muscles  which  are  capable  of  variation  in  connection  with  their  attachments  re- 
quire to  be  long  muscles,  and  these  muscles  are  capable  of  a large  extent  of 
movement.  On  the  other  hand,  muscles  which  produce  a short  movement  re- 
quire to  be  shorter.  Thus  the  finger  muscles  represent  short  muscles,  but  their 
action  is  extended  by  connection  with  long  tendons  which  bear  to  the  finger 
phalanges  movements  which  were  at  first  only  slight.  In  connection  with  the 
sartorius  muscle  we  find  a muscle  so  long  that  it  cannot  he  displaced  by  any  oilier 
muscle  to  such  an  extent  in  connection  with  its  attachment  points.  Ihe  sterno 
mastoid  and  the  great  rectus  abdominis  also  represent  long  muscles  whose  nio\e- 
ments  are  capable  of  considerable  extension.  lie  must  not  forget  the  fact  that 
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the  attachment  of  the  muscles  may  modify,  to  some  extent,  the  extent  of  move- 
ment possible  in  connection  with  these  muscles.  Borelli  has  shown  that  the 
muscles  whose  fibres  are  obliquely  inserted  info  tendons  represent  short  muscles 
which  seem  to  be  long  muscles  Facts  like  these  require  to  be  taken  aceonnt  of 
in  order  that  we  may  appreciate  the  nature  of  the  contractile  parts  in  relation 
to  file  length  of  the  muscle.  In  comparative  anatomy  we  find  great  variations 
in  file  form  and  function  of  the  different  muscles.  In  animals  like  the  kangaroo, 
the  leaping  muscles,  like  the  glutei,  the  gastrochemei  and  the  triceps,  extensor 
cruris,  are  very  fully  developed.  In  the  case  of  the  birds,  we  find,  for  example, 
a considerable  variation  in  the  pectoral  muscles  in  relation  to  wing  movements. 
Even  among  the  birds  we  find  great  variations  in  these  muscles,  as  in  the  eao-le, 
the  wing  strokes  are  of  slight  extent  on  account  of  the  fact  that  great  resistance 
is  met  by  the  wing,  so  large  in  size,  as  it  passes  through  the  air;  whereas  birds  of 
small  wings  move  them  to  a very  large  extent,  this  compensating  for  the  dimin- 
ished resistance  that  is  met  with  in  connection  with  the  wing  muscles.  In  the 
mammels  the  differences  are  not  less  marked,  although  these  differences  .cannot 
be  absolutely  carried  out.  For  example,  we  can  easily  identify  the  biceps  femoris 
in  all  mammals,  although  great  variations  are  found  in  its  lower  attachments. 
In  some  animals  we  find  its  insertion  all  along  the  leg,  while  in  other  animals 
which  have  the  power  of  jumping  there  is  a gieat  elevation  of  the  lower  attach- 
ments of  the  biceps.  In  the  human  subject  the  biceps  insertion  is  high  up  in  the 
fibula.  It  has  been  pointed  out  that  here  we  have  an  anatomical  difference  be- 
tween the  white  and  the  black  races,  the  insertion  of  the  biceps  in  the  white 
races  being  higher  up  than  in  the  black  races,  the  latter  being  more  like  the  ape. 
In  connection  with  the  flexion  and  extension  of  the  knee  the  bony  structure  de- 
scribes a circle  arc  that  is  much  larger  as  it  recedes  from  the 'center  representing 
motion  These  points  will  also  move  from  the  femur,  or  the  ischium,  on  the 
basis  of  the  circular  movement  and  the  extent  of  it.  Large  movements  corre- 
spond, as  we  have  seen,  with  large  contractile  fibres.  In  the  human  subject  the 
biceps  is  inserted  at  the  lower  and  very  near  the  knee,  so  that  the  extent  of  the 
movement  is  slight  and  there  will  be  only  a short  length  of  contractile  fibre 
, Jie  lfnver  annuals,  like  the  ape,  the  insertion  takes  place  lower  down,  living 
krgcr  motiyity  and  a greater  length  of  muscle  with  a smaller  tendinous  attach" 
ment  In  the  rectus  interims  muscle  of  the  thigh  we  find  the  same  variation 
in  attachment.  In  the  human  subject  its  attachment  is  very  close  to  the  knee 
and  its  tendon  is  very  long,  so  that  the  muscle  fibre  is  short  and  the  extent  of 
movement  is  also  short.  In  the  semi-tendinous  muscle  the  inferior  attachments 
are  very  close  lo  the  articulation  of  the  knee,  whereas  in  lower  animals  we  find  a 
lovvir  attachment  with  hardly  any  tendinous  attachment.  Thus  we  find  the 
form  of  the  muscle  determining  the  character  of  the  function  discharged  bv  the 
muscle,  where  there  is  transverse  development  being  found  strength,  and  where 
there  is  increase  in  the  length  of  the  muscle  there  being  a corresponding  increase 
m.  the  extent  of  movements  The  question  arises,  does  this  adaptation  take  place 
connection  with  the  performance  of  different  functions  by  different  animals, 
.pist  as  we  find  an  increase  in  muscle  volume  corresponding  with  the  use  that 
is  made  of  the  muscles?  Does  the  fact  that  an  animal  performs  more  extended 
movements  give  to  the  muscle  an  increase  of  length?  These  questions  have 
iien  discussed  and  solution  lias  lieon  attempted  on  different  theories  Among 
he  most  prominent  we  tail  the  theory  of  development  in  opposition  to  the  oldef 
theories.  Without  entering  into  the  discussion  of  these  theories  we  might  sav 
that  the  older  theory  took  the  position  that  the  world  of  animate rntuii SfrejS 
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sented  by  certain  almost  unchangeable  types  of  life  which  have  scarcely,  if  at 
all,  the  power  of  alteration  from  the  primitive  type.  These  slight  changes  de- 
pend upon  climate,  nutrition,  or  the  principle  of  domesticity.  As  opposed  to 
this  older  school  we  find  the  more  modern  theory  that  the  animal  life  is  con- 
stantly being  modified  by  its  environment,  these  environments  producing  new 
aptitudes  that  modify  the  organism,  with  the  result  that  variations  are  found  on 
the  basis  of  development.  According  to  Lamarck  there  is  an  external  variation, 
but  according  to  Darwin  there  are  also  internal  influences  which  modify  the  ani- 
mal life,  the  fundamental  principle;  of  which  is  natural  selection.  In  some  case- 
certain  individuals  receive  a greater  chance  in  connection  with  the  struggle  for 
existence,  the  increase  of  physical  vitality  giving  to  them  an  added  force,  so 
that  they  are  able  the  better  to  survive  those  changes  that  take  place  around 
about  them.  In  connection  with  both  of  these  theories  it  is  claimed  that  there 
are  objections. 

Darwin,  however,  has  fully  discussed  his  theory  of  natural  selection  and 
made  it  so  plain,  that  it  is  undoubted  the  principle  of  selection  does  modify  the 
type  of  animal  life.  The  newer  theories  take  account  of  both  the  internal  and 
external  variations.  It  is  impossible  to  state  with  certainty  what  is  the  cause 
or  the  causes  that  have  produced  modifications  in  the  functional  development, 
hut  we  have  the  general,  statement  of  Guerin  that  ‘‘function  makes  the  organ," 
expressing  generally  the  modifying  action  of  function.  This  is  not  less  true  of 
the  muscles  than  it  is  in  connection  with  the  other  parts  of  the  body.  For  ex- 
ample, the  hones,  the  articulations  and  the  muscles  are  considerably  modified 
hv  variations  in  function;  the  alimentary  apparatus,  under  the  influence  of  the 
changes  in  alimentation,  modifies  its  functional  activity,  and  even  the  senses 
become  entirely  changed,  either  by  acquiring  or  losing  certain  powers.  Thus 
we  find  changes  of  function  from  the  physiological  standpoint  resulting  in  modi- 
fications of  the  structural  or  anatomical  apparatus.  When  we  have  admitted  this 
point  we  have  really  shown  that  the  skeleton  and  the  muscular  apparatus  have 
been  harmonized  with  the  movements  of  the  animal  life,  as  these  take  place  in 
connection  with  its  individual  conditions.  The  skeleton  has  been  considered  the 
invariable  part  of  the  human  organism  because  it  is  regarded  as  the  framework 
of  the  body,  whereas  the  softer  parts  of  the  body  tissue,  whether  lying  in  the 
cavities  or  upon  the  surfaces  of  hone,  have  been  modified  under  the  influence  oi 
the  bony  structure.  A close  examination,  however,  indicates  the  presence  of  a 
very  large  number  of  minute  hollows  which  have  undoubtedly  been  associated 
with  the  origin  of  muscles.  In  other  parts  of  the  bony  structure  there  are  found 
grooves  which  have  been  associated  with  tendinous  structures.  In  this  way  it  i.- 
found  that  there  are  muscles  and  tendons  which  may  have  possibly  disappeared 
on  account  of  their  loss  of  function,  the  stronger  and  truly  lunctionalized 
muscles  having  taken  the  place  of  the  weaker  ones  in  the  struggle  for  existence. 
From  this  standpoint  the  shoulder  hone,  at  its  lower  extremity,  is  marked  bv  a 
small  spherical  projection:  it  also  indicates  that  there  were  two  kinds  of  move- 
ments, and  quite  close  to  this  we  find  the  surface  in  which  there  is  an  indentation 
representing  a groove,  associated  in  some  way  with  the  fore-arm  function  and 
extension.  In  the  skull  we  find  various  cavities  which  cannot  he  explained  on 
any  other  supposition.  The  nerve  paths  through  the  bones  arc  represented  b\ 
foramina  or  furrows  which  form  canals  along  which  the  nerves  pass  as  thc\ 
make  their  wav  to  the  distant  parts  of  the  body.  It  is  claimed  by  some  that 
hone  is  too  hard  to  he  capable  of  such  indentation  as  would  he  necessary  in  order 
that  the  softer  parts  of  the  body  might  furrow  out  these  cavities.  Hence  it  has 
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been  concluded  that  the  skeleton  represents  the  invariable  part  of  the  organism. 
In  support  of  this  theory  it  is  claimed  that  the  variations  which  are  found,  for 
example,  betw  een  the  humerus  and  the  femur,  instead  of  depending  upon  muscu- 
lar effort  is  an  essential  part  of  the  organism.  In  modern  times  it  has  been 
pointed  out  that  the  bony  system  is  capable  of  considerable  variation,  such  varia- 
tion taking  place  during  the  individual  life.  It  is  found  that  by  pressure,  even 
upon  the  hardest  bone,  there  is  produced  a cavity  or  alteration  in  the  structural 
form,  so  that  it  is  completely  subject  to  the  influence  of  the  softer  parts.  For  ex- 
ample, in  the  case  of  an  aneurism  of  the  aorta  when  it  comes  in  contact  with  the 
sternum,  or  with  the  clavicle,  it  absorbs  a part  of  the  bone,  passing  through  the 
bone  in  a comparatively  short  time,  offering  less  resistance  to  this  tumorous  action 
than  the  softer  parts  of  the  body.  The  same  pressure  is  found  in  connection  with 
the  blood;  and  as  the  blood  is  found  at  every  part  where  an  artery  is  in  contact 
with  the  bone,  there  is  the  same  absorption  of  bony  substance,  with  the  result  that 
the  artery  indents  for  itself  a groove  in  which  it  finds  lodgment.  This  is  illus- 
tiated  in  connection  with  the  internal  surface  of  the  parietal  bones  in  the  human 
skull.  The  same  fact  is  evident  in  connection  with  the  varicose  veins;  for  ex- 
ample, in  connection  with  the  anterior  part  of  the  tibia  in  which  the  bone  is  fur- 
rowed out  by  the  distended  veins.  These  are  examples  of  the  action  of  the 
softer  tissues  of  the  body  upon  the  bony  structures.  The  same  action  is  found 
m connection  with  the  muscles  as  in  connection  with  the  fibula,  which  assumes 
its  characteristic  form  under  the  influence  of  the  muscle  action.  The  action  of 
the  tendons  also  hollows  out  the  bone  in  the  development  of  the  human  skeleton. 
It  is  quite  true  that  the  articulated  surfaces  are  provided  with  cartilage,  which 
is  lubricated  by  a synovial  fluid,  thus  assisting  the  movement  The'bones  in 
tins  case  are  surrounded  by  ligaments  which  keep  the  muscles  in  their  prop- 
place  In  the  case  of  dislocations  it  is  often  found  that  articulated  cavities  are 
entirely  altered  and  a new  articulation  may  be  formed  with  cartilage,  synovial 

ad i on  In  this  case>  certam1^  function  has  produced  an  alter- 

ff  ]S  more  difficult  to  account  for  the  apophyses  which  are  found  on  tlm 
surfaces  of  the  skeleton  representing  the  bony  protuberances  to  which  muscle 
attachment  is  formed.  This  can  be  partly  accounted  for  by  the  influence  exerted 
in  the  formation  of  indentations  and  also  by  the  action'  of  force  which  is  asso- 
ciated with  all  the  different  parts  of  the  skeleton  where  muscle  attachment  is 
found.  The  traction  that  is  found  in  connection  with  the  muscle  is  proportional 
to  the  muscle  force.  Jn  line  with  this  we  find  these  protuberances  in  connection 
- ,the  tendmous  attachments  of  the  stronger  muscles,  indicating  that  the 
protuberance  is  connected  in  some  way  with  the  action  that  takes  place  in  con- 
nection with  the  muscle.  In  line  with  this  it  is  found  that  on  the  left  arm 
these  protuberances  upon  the  bony  structure  are  less  marked  than  on  the  rffiht 
arm.  because  m ordinary  circumstances  and  individuals  the  left  arm  is  used  fess 
frequently.  In  he  case  of  the  paralysis  of  one  extremity  the  action  of  the 
muscle  is  suspended  with  the  result  that  if  the  paralysis  begins  early  in  life  the 
bone  continues  to  exhibit  its  embrvonic  charne+pria+in  1 • ' 

* *"?!'■<*»■  ™. 

nnaiomv,  winch  seems  to  indicate  that  the  enlargement  of  the  .XTtt 
the  increase  of  energy  m connection  with  the  musele  n i10„  i • • ? \ “ 

that  the  In, men, s is  considerably  modified to  ™ tain  animal,  f0  ? °'" 
those  animals  that  live  by  burrowing  in  tbe  around  the  humeri, e’ 
unrecognizable,  on  account  of  the  grea,  increase  in'  tte ^iT ^ '“Scticel 
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representing  muscle  insertion.  It  has  been  shown  also  that  in  aged  people  there 
are  longer  apophyses  in  connection  with  the  vertebrae,  and  also  greater  angu- 
larity in  the  curvatures  of  the  ribs.  It  is  almost  impossible  to  point  out  the 
variations  that  are  found  in  connection  with  the  different  parts  of  the  skeleton 
in  different  animals,  these  differences  being  the  basis  of  considerable  modification 
in  the  bones.  In  pathological  conditions  of  the  human  system  we  also  find 
the  development  of  artificial  apophyses,  representing  the  abnormal  outgrowth 
of  bone.  In  some  diseases  the  skeleton  is  covered  over  at  a great  number  of 
points  with  these  osseous  protuberances,  all  of  these  being  developed  in  connec- 
tion with  muscular  attachment.  Bone  curvature  is  another  example  of  this  same 
phenomenon.  It  has  been  shown  that  the  humerus  represents  a contorted  femur 
in  the  mammals,  the  axis  having  turned  upon  itself.  It  has  been  found  that 
this  contortion  increases  from  foetal  life;  during  childhood  to  maturity  the  con- 
tortion being  increased  with  the  development  of  muscular  activity.  In  con- 
nection with  articular  surfaces . we , also  find  the  modifying  effect  of  function. 
The  friction  that  is  associated  with  these  articulations  has  produced  curvature 
and  also  made  the  surfaces  smooth.  Where  the  surface  has  a great  number  of 
different  degrees  of  curvature  we  find  very  extended  movements,  while  move- 
ments that  are  not  so  extensive  will  produce  a curvature  corresponding  with  the 
smaller  arc,  with  the  result  that  the  radius  of  curvature  is  short  if  the  move- 
ments are  extended  and  long  if  the  movements  are  less  extended.  In  the  tibio- 
tarsal  articulation  of  the  human  subject  we  find  a small  radius  of  curvature,  on 
account  of  the  fact  that  the  foot  has  extended  movements  upon  the  leg.  In 
connection  with  the  tarsus  there  is  an  increase  of  the  radius  curvature,  as  the 
bones  become  less  movable.  In  the  scaphoid  the  articular  surfaces  represent  a 
large  radius,  the  radius  increasing  as  we  pass  into  the  metatarsal  articulation  on 
account  of  limitation  of  the  movement;  there  is  a diminution  of  the  radius  in 
connection  with  the  metatarsal  articulation  with  the  phalanges  and  the  phalan- 
geal articulation.  When  articular  movement  takes  place  in  a single  direction 
there  is  a curvature  of  the  surfaces  only  in  that  direction,  as  in  the  case  of  the 
articulation  of  the  elbow  and  the  condyles  of  the  jaw.  If  the  movement  takes 
place  in  two  directions  at  the  same  time  there  is  a double  curvature,  the  radii  of 
curvature  being  either  equal  or  unequal,  depending  upon  the  extent  of  the  move- 
ment. In  connection  with  the  wrist  we  find  flexion  and  extension  movements 
that  are  extended,  while  the  lateral  movements  are  limited,  with  the  result  that 
in  the  case  of  the  elliptical  head  of  the  carpus  we  find  a curvature  of  small  radius 
in  connection  with  flexion  and  extension  movements  and  a larger  radius  in  the 
lateral  movements.  This  same  idea  has  been  carried  out  in  connection  with 
articulations  that  are  found  in  different  kinds  of  animals,  as  in  the  case  of  birds 
and  flying  animals,  compared  with  apes  and  the  human  subject.  The  conclu- 
sion is  that  the  bony  structure  of  the  body  is  subject  to  modifications,  especially 
in  connection  with  muscular  functions.  All  the  protuberances  and  indentations 
of  the  skeleton  are  associated  with  some  external  force  whose  action  upon  the 
bony  structure  has  modified  it  in  some  way.  Thus  function  has  modified,  to  a 
very  considerable  extent,  the  skeleton.  The  same  principle  is  applicable  in  con- 
nection with  the  muscular  system.  Bony  resemblances  indicate  the  presence  of 
or  attachment  to  muscles  that  resemble  each  other.  On  the  other  hand,  a bony 
structure  of  a peculiar  form  indicates  some  peculiarity  in  connection  with  the 
musgles  that  are  attached  to  this  bony  structure.  What  has  been  said  seems  to 
indicate  that  the  bony  structure  is  modified  by  the  muscle.  The  question  arises, 
does  the  same  or  a similar  modification  take  place  in  connection  with  the  muscles? 


LOCOMOTION  AND  ANIMAL  MECHANICS. 


771 


The  claim  is  made  that  ihe  muscular  system  is  subjected  to  modification  in  con- 
nection with  the  nervous  mechanism.  Hence  modification  takes  place  in  the 
muscles  on  the  basis  of  the  nervous  action  that  is  under  the  .control  of  the 
will,  the  muscles  being  modified,  both  in  form  and  in  volume,  so  as  to  accommo- 
date them  to  the  most  skillful  performance  of  the  actions  determined  by  the  will. 
All  of  the  actions  of  the  animal  life  are  to  a certain  extent  influenced,  if  not 
governed,  by  the  will,  because  there  is  nothing  in  the  organic  structure,  whether 
of  bone  or  of  muscle,  that  is  entirely  subject  to  the  play  of  chance.  The  great 
variation  in  the  muscular  apparatus  is  found  not  only  in  different  animals,  but 
also  in  different  muscles  of  the  same  animal.  Hence  we  find  variations  in  the 
length  and  volume  of  muscles,  unequal  distribution  of  the  contractile  fibres  and 
the  tendon  fibres,  these  being  based  upon  muscular  function.  In  anatomy  we 
can  distinguish  the  form  of  the  organs,  to  a certain  extent,  in  the  basis  of  func- 
tion. Experiments  in  connection  with  the  change  of  function  indicate  the  way 
in  which  modifications  may  take  place  in  the  muscles  when  subjected  to  new  con- 
ditions. These  experiments  are,  to  a certain  exetnt,  confirmed  by  pathological 
and  surgical  data.  It  has  been  found  that  active  movement  on  the  part  of  a 
muscle  is  at  the  basis  of  the  continued  existence  of  the  muscle;  for  if  the  muscle 
remains  at  rest  for  a considerable  time  there  is  a decrease  in  volume  as  well  as  a 
change  in  the  muscle  element.  The  striped  muscle  fibre  gives  place  to  fatty 
corpuscle  cells,  these  increasing  in  numbers  until  the  muscle  substance  is  entirely 
changed.  This  represents  fatty  degeneration,  and  may  be  followed  by  the  dis- 
appearance of  these  corpuscles  on  account  of  absorption.  In  this  way  there  is 
a change  of  volume  based  upon  functional  or  non-functional  activity,  and  this 
change  is  carried  to  such  an  extent  as  to  involve  the  entire  disappearance  when 
the  function  is  destroyed.  This  is  found  to  a greater  or  less  extent  in  paralytic 
cases  in  which  the  nerve  action  is  destroyed,  also  in  cases  of  dislocation  on  ac- 
count of  which  the'insertions  of  the  muscle  are  brought  close  together,  producing 
inactivity  of  the  muscle.  The  same  thing  is  found  in  cases  of  fracture  and  also 
in  cases  of  anchylosis,  in  which  there  is  developed  an  abnormal  relation  of  muscles 
that  interferes  with  the  normal  muscle  contraction.  On  the  other  hand,  if  the 
muscle  is  changed  in  the  extent  of  its  movements,  the  question  arises,  what 
modifications  will  this  producer  In  some  cases  of  imperfect  dislocation  or 
anchylosis  there  is  an  interference  with  the  extent  of  the  movements  resulting 
in  modification  of  the  functional  activity.  Some  discussion  has  taken  place  in 
regard  to  the  changes  that  are  involved  in  what  is  called  club-foot.  In  some 
cases  there  is  a twisting  of  the  foot,  on  account  of  which  the  surface  that  should 
he  next  the  leg  becomes  next  to  the  ground;  in  other  cases  there  is  an  extension 
of  the  foot,  v>  ith  the  result  that  walking  takes  place  on  the  extremity  of  the  foot. 
Tn  these  cases  the  limb  muscles  become  degenerated,  or  at  least  changed,  on  ac- 
count of  the  limited  motion  of  tbeir  action;  whereas  those  muscles  which  do  not 
afloat  all  degenerate  and  disappear.  In  the  case  of  those  muscles  which  are 
partially  active  fhcio  is  a modification  in  the  muscle  substance,  the  contractile 
substance  being  diminished  and  there  being  a substitution  for  it  of  tendinous 
tissue.  In  regard  to  these  muscular  changes  it  is  found  that  the  muscles  assume 
one  of  two  forms,  either  that  of  fatty  degeneration  or  the  form  of  fibrous  tissue. 

the  ^'ase  of  ^e  gastrocnemei  muscles  the  attachments  and  the  functions  are 
dif.erent.  The  insertion  of  the  two  muscles  is  found  in  the  Calcanean  in  con- 
nection with  1 lie  achilles  tendon,  so  that  the  muscles  represent  extensors.  The 
upper  insertions  are  different,  however,  the  soleus  being  inserted  in  the  bones  of 
the  leg  having  as  its  function  that  of  extension  of  ihe  foot.  The  two  mis- 
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trocnemei  arc  inserted  in  the  femur  above  the  condyles,  and  have  in  addition  the 
function  of  flexing  the  leg  on  the  thigh.  In  the  case  of  foot  anchylosis  the  func- 
tion of  the  soleus  is  destroyed,  with  the  result  that  it  degenerates,  while  the 
gastrocnemei  do  not  degenerate,  still  preserving  the  function  of  flexing  the  leg 
on  the  thigh,  changing  their  movements  from  double  to  single.  The  result  i- 
that  the  gastrocnemei  muscles  are  modified  to  this  extent,  that  their  fibres  are 
shortened  and  they  become  partially  fibrous,  in  the  examination  of  the  muscle 
at  different  stages  of  life  there  a^e  found  to  be  considerable  variations,  so  tiiat 
it  is  claimed  the  muscles  have  characteristic  properties  associated  with  particular 
stages  of  development.  In  the  earliest  stages  they  are  found  to  consist  of  con- 
tractile fibres,  as  they  advance  in  age  the  fibres  becoming  less  contractile,  while 
there  are  substituted  for  the  ordinary. red  fibres  the  white  tendinous  fibres.  In 
the  case  of  the  diaphragm,  in  childhood  it  is  found  to  be  largely  muscular,  but 
as  in  old  age  it  becomes  fibrinous,  the  diaphragm  tendon  being  extended  into 
the  muscle  fibre  representing  aponeuroses.  In  the  child  the  leg  muscles  are 
found  to  consist  mainly,  if  not  altogether,  of  contractile  muscle  substance,  while 
in  old  age  it  is  substituted  by  the  tendon  which  takes  its  place,  while  the  muscle 
becomes  reduced  in  size  and  in  length  and  is  found  associated  with  the  upper 
part  of  the  limb.  In  connection  with  the  muscles  of  the  back  we  find  the  same 
tendency  in  old  age  to  substitute  tendon  for  muscle  fibre.  There  must  be  change 
taking  place  in  the  muscle  as  the  individual  advances  in  life,  especially  if  muscu- 
lar function  is  limited.  The  articulations  of  the  vertebral  column  as  well  as 
of  the  limbs  become  anchylosed,  diminishing  the  capacity  for  flexion  both  of  the 
limbs  and  of  the  trunk.  This  represents  the  reason  why  so  extended  movements 
are  possible  on  the  part  of  the  child,  and  a growing  individual  as  compared  with 
the  aged  person.  In  old  age  there  is  a loss  of  flexion,  and  this  loss  of  flexion 
limits  the  extent  both  of  flexion  and  extension  on  the  part  of  the  muscle.  Hence 
we  may  conclude  that  the  muscle  functions  change  with  the  different  changes 
of  life,  becoming,  more  limited  as  the  contractile  muscle  fibre  becomes  more  lim- 
ited. As  we  have  seen  already,  there  is  a perfect  harmony  existing  between  the 
function  of  the  muscles  and  the  form  of  the  muscles.  From  this  it  may  be 
concluded  that  the  muscle,  as  well  as  the  organ  which  is  formed  b}r  the  muscle, 
is  subjected  to  modification  by  the  change  in  function.  This  is  not  a new  prin- 
ciple, because  training  in  the  case  of  a race  horse  as  well  as  of  an  athlete  depend- 
ing upon  special  exercise,  is  designed  to  modify  certain  function.  This  modifica- 
tion of  function  involves  at  the  same  time  a modification  in  the  anatomical  char- 
acter of  the  muscle. 

Hence  in  the  human  subject  we  find  that  man  has  modified  his  muscular 
as  well  as  his  skeletal  system  to  the  aptitudes  and  functions  that  are  associated 
with  his  daily  life.  This  represents  an  important  physiological  principle,  that 
the  muscular  function  modifies  the  structural  form,  whereas  nervous  activity  also 
modifies  the  muscular  form.  These  modifications  depend  upon  conditions  asso- 
ciated with  food,  habits  of  life,  changes  in  climate,  atmospheric  conditions,  etc. 
The  most  characteristic  manifestation  of  movement  is  that  of  locomotion,  aside 
from  the  motions  or  movements  of  the  body  and  of  the  different  parjs  of  the 
body.  Locomotion  represents  that  action  in  virtue  of  which  a living  being, 
adjusting  itself  to  its  environment,  moves  about.  Locomotion,  therefore,  may 
he  considered  as  including  certain  definite  types,  according  as  the  locomotion 
takes  place  on  the  surface  of  the  ground  or  in  the  media  of  water  or  air.  At- 
temps  have  been  made  to  identify  the  different  locomotive  types  in  all  these 
different  forms  of  locomotion,  but  without  success.  In  all  forms  of  locomotion 
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there  is  a force  expended,  this  force  resulting  in  a certain  amount  of  displace- 
ment. A classification  has  been  adopted  in  regard  to  these  forms  of  locomotion 
on  the  basis  of  resistance.  Three  forms  of  locomotion  are  spoken  of,  namely: 
terrestrial,  aquatic  and  aerial.  It  is  impossible  to  attempt  a minute  classifica- 
tion of  these  movements.  Terrestrial  locomotion  is  said  to  consist  of  two 
principal  forms:  in  the  one  form  we  find  the  attempt  to  press  upon  the  ground 
in  a direction  opposite  to  the  movement  that  is  intended,  such  as  we  find  in 
walking,  running  and  leaping.  The  limbs  in  this  case  represent  levers  which  are 
subject  to  changes  in  length,  being  shortened  by  the  bending  of  the  articulations 
and  being  lengthened  by  being  drawn  up.  When  the  leg  is  flexed,  if  it  touches  the 
ground  at  the  extremity  and  at  the  same  time  an  attempt  is  made  to  extend  the 
limb,  this  is  only  possible  by  moving  the  surface  on  which  the  foot  rests  away 
from  the  extremity  of  the  leg.  The  ground  is  resistant,  so  that  the  body  yields 
to  displacement.  This  displacement  involves  either  a variation  in  length  or  a 
variation  in  the  angle  between  the  limb  and  the  animal  body.  In  the  second 
form  of  locomotion  we  find  creeping,  in  which  there  is  an  effort  to  drag  the  body, 
the  animal  laying  hold  of  some  part  of  a surface  and  dragging  the  body  after  it. 
In  the  different  kinds  of  locomotion  there  is  great  variation  in  the  amount  of  re- 
sistance that  is  necessary  to  be  overcome,  this  resistance  depending  upon  the 
medium  in  which  the  locomotion  takes  places,  whether  aereal,  aquatic  or  on  the 
surface  of  the  ground. 

From  the  standpoint  of  the  physiology  of  muscle  we  found  that  in  attempt- 
ing to  estimate  the  work  of  a muscle  we  fix  it  strongly  by  one  of  its  attachments 
and  find  out  the  extent  of  its  movements.  In  this  way  by  knowing  the  weight 
which  the  muscle  lifts  when  it  contracts  and  the  length  of  space  through  which 
the  weight  is  lifted  we  are  able  to  estimate  the  amount  of  work  that  is  done. 
These,  however,  represent  conditions  that  we  cannot  estimate,  except  ideally. 
A\hen  a person  is  walking  one  foot  is  placed  on  the  ground  and  the  other  foot 
is  flexed  while  resting  on  the  ground,  giving  to  the  body  a forward  or  upward 
movement.  If  the  ground  is  perfectly  solid  the  movement  will  take  place  in  the 
direction  of  the  body  trunk,  whereas  if  the  body  yields  only  a part  of  the  force 
it  will  be  converted  into  movement  upward.  In  the  case  in  which  the  ground  is 
perfectly  solid  none  of  the  muscular  work  is  lost,  whereas  if  the  surface  of  the 
ground  \ ields  there  will  be  a displacement  of  the  surface.  According  to  New- 
ton this  law  is  laid  down:  “that  the  action  and  reaction  are  equal/’  This  does 
not  mean  that  one-half  of  the  work  is  expended  on  the  ground  and  one-half 
upon  the  movement  of  the  body.  The  application  of  this  law  is  found  possible 
m the  case  ol  walking  as  we  find  this  act  of  locomotion  in  man.  From  the  time 
ol  Lorelli  to  recent  times  considerable  advances  have  been  made  in  connection 
with  the  analysis  ot  locomotive  conditions.  Human  locomotion  is  very  difficult 
of  analysis,  on  account  of  the  fact  that  observation  cannot  be  accepted  as  a per- 
c(  t^  test,  neither  can  the  graphic  method  be  regarded  as  giving  us  a perfect 
analysis.  In  the  case  ol  walking,  as  we  have  seen,  the  body  nfever  leaves  the 
ground.  In  walking  the  body  weight  is  alternately  passed  from  one  limb  to 
another,  so  that  as  each  limb  places  itself  before  the  other  there  is  a continuous 
carrying  forward  of  the  body.  This  movement,  although  it  seems  to  be  simple, 
is  very  complex,  on  account  of  the  fact  that  every  movement  of  the  limb  involves 
the  change  of  support,  the  variation  in  the  flexion  and  extension  of  the  articu- 
Ihcre  is  also  the  variation  in  the  pressure  of  the  feet  upon  the  ground 
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that  can  be  determined  only  by  the  rapidity  of  the  walking.' ' In" addition  To” this 
there  arc  oscillations  of  the  body,  the  result  of  the  touching  of  the  ground  bv 
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the  extremities  of  the  limb  and  the  movements  of  the  different  parts  of  the  body, 
thus  the  oscillations  are  different  in  their  nature,  some  being  vertical,  some 
horizontal,  and  some  complex.  There  is  also  an  inclination  of  the  body  that 
takes  place  at  every  movement,  the  body  revolving  around  the  coxo-femoral 
articulation,  while  it  is  being  slightly  flexed  in  connection  with  the  vertebral 
axis.  There  is  also  an  oscillation  of  the  pelvis  in  connection  with  the  lumbar 
muscle,  while  the  anterior  extremities  are  utilized  in  balancing  the  bodv  and 
diminishing  the  opposing  influences  that  tend  to  destroy  the  equipoise/  The 
motive  force  in  walking  is  associated  with  the  action  of  the  exterior  muscle  of  the 
thigh,  the  leg  and  the  foot.  In  the  lower  limb  we  find  a column  of  bone  and 
muscle,  varying  in  its  angles  and  at  times  becoming  perpendicular  in  connection 
with  pressure  both  from  above  and  below.  The  pressure  that  takes  place  upon 
the  ground  is  equal  to  that  above  in  the  body,  thus  assisting  in  the  forward  move- 
ment of  the  body.  Registering  arrangements  have  been  invented  for  the  purpose 
of  determining  the  duration  as  well  as  the  variations  and  the  intensity  of  this 
pressure.  In  connection  with  the  tracings  that  are  found  by  the  use  of  this 
apparatus,  the  impact  of  each  foot  upon  the  ground  gives  us  a curve,  the  pressure 
of  the  one  foot  beginning  at  the  time  when  the  pressure  of  the  other  begins  to 
diminish,  the  period  representing  the  length  of  time  during  which  each  foot  is 
supported  being  represented  by  a horizontal  line  uniting  the  minima  of  successive 
curves.  There  is  the  same  duration  in  the  case  of  the  impact  of  tne  right  and 
left  feet,  so  that  the  body  weight  rests  for  the  same  length  of  time  upon  each 
foot.  Where  the  impact  of  the  two  feet  is  different  we  have  the  condition  of 
lameness.  During  a short  time  the  body  is  supported  by  one  foot,  this  period  of 
time  being  varied  according  to  the  rate  at  which  the  individual  walks.  There  is 
a period  that  lies  almost  intermediate  between  the  impacts  of  the  two  feet  when 
the  body  is  partly  supported  by  one  foot  and  begins  to  rest  upon  the  other  foot. 
The  degree  of  pressure  which  the  foot  exerts  upon  the  ground  has  also  been 
traced  out  in  connection  with  the  curves  that  are  associated  with  the  walking 
movements.  In  walking  it  is  found  that  the  pressure  of  the  feet  upon  the  ground 
is  not  only  represented  by  the  weight  of  the  body  sustained  by  the  foot,  but 
that  it  requires  greater  effort  to  elevate  and  push  forward  the  body  in  connection 
with  the  walking  movements.  The  motion  of  the  legs  produces  a reaction  upon 
the  body  trunk,  these  reactions  being  effective  in  all  directions,  so  that  there  are 
involved  a number  of  very  complex  movements. 

Body  displacements  have  been  estimated  almost  entirely  from  the  center 
of  gravity.  This  center  of  gravity  is  found  to  change  when  the  body  moves, 
so  that  it  does  not  represent  a perfect  means  of  considering  body  displacement. 
In  the  bending  of  the  legs  the  center  is  raised;  in  the  motion  of  the  arm  it  is  also 
changed;  and  hence  it  is  impossible  to  keep  this  as  an  ideal  point,  because  it  is 
continually  moving.  Hence  there  has  been  chosen  a different  part  of  the  body, 
viz.:  the  pubis,  by  some  experimenters  as  the  point  of  the  body  in  connection 
with  which  body  displacements  are  considered.  Those  displacements  have  been 
studied  by  means  of  the  lever  drums.  In  walking  a person  follows  during  the 
time  of  walking  a circular  or  elliptical  pathway,  so  that  as  he  carries  the  instru- 
ment he  is  able  to  get  a tracing  to  represent  the  vertical  oscillations  of  the  pubis. 
It  is  found  that  the  pubis  is  raised  at  the  middle  of  the  pressure  point,  period 
extorted  by  each  foot  and  that  the  pubis  falls  when  the  body  weight  is  passed 
from  one  foot  to  another.  When  the  body  weight  is  about  to  be  transferred  from 
one  limb  to  another  the  one  limb  is  in  a slanting  position,  so  that  the  upper  ex- 
tremity is  at  a less  height  than  the  other  extremity.  The  other  limb,  as  it  reaches 
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the  ground  at  this  period,  is  slightly  flexed,  drawing  itself  up  and  then  support- 
ing The  body.  In  this  movement  the  leg  that  is  moved  passes  through  the  are 
of  a circle  around  about  the  foot  resting  on  the  ground.  Hence  as  these  positions 
are  changed,  the  body  is  raised  gradually,  as  the  leg  to  which  its  weight  is  handed 
over  comes  to  the,  vertical  position,  falling  down  again  as  the  same  leg  deviates 
from  the  vertical  position.  As  the  steps  increase  in  length  the  body  trunk  is 
lowered  on  account  of  the  increase  of  the  obliquity  of  the  leg.  In  connection 
with  the  horizontal  oscillations  of  the  body  the  pubis  moves  from  left  to  right 
and  vice  versa  while  it  is  moving  vertically.  These  movements  may  be  recorded 
so  as  to  find  out  the  vertical  and  horizontal  oscillations.  It  is  found  that  the 
number  of  oscillations  horizontally  is  about  half  the  number  of  the  vertical 
oscillations.  This  indicates  that  the  body  trunk  moves  to  the  right  when  the 
maximum  of  elevation  of  the  body  trunk  takes  place,  and  to  the  left  at  the  period 
which  corresponds  with  the  middle  of  the  pressure  in  connection  with  the  left 
foot.  This  lateral  movement  of  the  body  trunk  results  from  the  passage  of  the 
body  alternately  to  a vertical  position  over  each  foot.  Ilenc-e  we  have  two  kinds 
of  oscillations,  the  vertical  and  the  horizontal.  During  the  act  of  walking  there 
is  a continuous  advance  of  the  body,  although  this  advancement  does  not  take 
place  at  a uniform  rate.  Hence  we  find  in  the  forward  movement  acceleration 
and  diminution  in  the  velocity,  these  variations  being  found  in  connection  with 
the  different  phases  of  the  locomotive  action.  This  inequality  in  the  velocity 
involves  a number  of  important  consequences.  When  an  individual  pulls  a load 
there  is  not  a constant  effort.  As  the  foot  comes  into  contact  with  the  ground 
there  is  an  increase  of  energy,  and  as  this  increase  represents  only  a small  part 
of  the  period  that  is  associated  with  the  traction,  we  have,  as  it  were,  slight 
shocks  which  are  unfavorable  to  the  perfect  adaptation  of  mechanical  energy. 
These  shocks  may  be  felt  upon  the  shoulders  if  the  individual  is  rigidly  attached 
to  the  load.  This  forms  the  basis  of  some  apparati  that  have  been  invented  in 
connection  with  the  traction  of  carriages  by  horses,  so  as  to  diminish  the  amount 
of  shock  and  to  enable  us  to  utilize  the  full  force  of  the  horse. 

Walking  varies  according  to  the  character  of  the  ground  over  which  the 
individual  walks.  Some  instruments  have  been  invented  with  the  object  of  in- 
dicating the  variations  in  movement  depending  upon  the  sloping  character  of  the 
ground.  These  instruments,  as  we  have  said  already,  were  invented  by  Marey, 
with  the  object  of  finding  out  the  pressure  of  the  feet  on  the  ground  and  also  the 
vertical  reactions  imparted  to  the  body  by  means  of  those  pressures.  Shoes  are 
fitted  to  the  runner’s  feet,  while  he  holds  in  his  hand  a recording  instrument 
which  traces  out  the  curves  that  represent  the  pressure  of  the  feet.  As  the  cylin- 
der moves  uniformly  the  curves  will  register  the  time  rather  than  the  space.  A 
similar  apparatus  is  attached  to  the  head,  so  that  the  vertical  reaction  may  be 
obtained  in  the  form  of  a tracing.  As  the  body ‘oscillates  vertically,  there  is  a 
piece  of  lead  that  resists  these  movements  and  causes  the  membran . to  fall  as  the 
body  rises  and  to  rise  as  the  body  falls.  Thus  there  is  produced  an  inner  current 
which,  when  it  is  passed  through  a tube  to  the  recording  instrument,  gives  us 
the  curve  of  oscillation.  Thus  we  find  curves  representing  the  pressure  of  the 
feet  upon  the  ground,  and  other  curves  representing  the  vertical  reactions  of 
the  body. 

This  mechanism  has  been  applied,  (1)  in  registering  walking  movements. 
The  body  in  walking  does  not  leave  the  ground,  the  feet  following  each  other 
without  any  intermission,  so  that  the  body  work  is  passed  from  one  foot  to  the 
other.  This  is  not  true  in  the  case  of  walking  up  an  inclined  surface.  Tn  this 
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case*  it  is  found  that,  t lie  curves  overlap  each  other,  indicating  that  each  foot  still 
presses  on  the  ground  when  the  other  has  placed  itself  on  the  next  step.  In 
addition  to  this  it  is'  at  the  moment  of  double  pressure  tJiat  the  foot  which  is 
lower  exerts  its  maximum  force,  indicating  that  it  is  at  this  period  the  energv  is 
utilized  in  raising  the  body.  (2)  It  is  also  applied  in  the  case  of  running. In 
this  case  there  is  a more  rapid  forward  movement,  while  at  the  same  time  we  have 
the  alternate  movements  of  the  two  feet,  with  this  difference,  that  in  the  case  of 
running  the  body  does  not  rest  upon  the  ground  for  a short  period  at  each  step. 
There  are  different  forms  of  running,  but  these  are  not  of  importance' physio- 
logically. It  is  found  that  pressure  of  the  feet  in  running  is  greater  than  that 
in  walking,  on  account  of  the  fact  that  in  addition  to  bearing  up  the  body  the 
body  is  propelled  forward  and  upward  with  a certain  velocity.  Hence  the  pres- 
sure must  be  greater.  At  the  same  time  the  duration  of  the  pressure  upon  tin- 
ground  is  shorter,  this  shortness  of  duration  being  in  proportion  to  the  energy 
with  which  the  feet  tread  on  the  ground.  Hence  the  force  and  the  shortness 
of  the  duration  of  pressure  are  increased  as  the  speed  is  increased.  The  chief 
point  in  connection  with  running  is  the  period  when  the  body  is  not  resting  upon 
the  ground,  but  remains  suspended  in  the  air  between  the  two  footfalls.  The 
duration  of  this  suspension  does  not  vary  to  any  great  extent.  It  would  seem 
that  this  suspension  of  the  body  depends  upon  the  forward  movement,  of  the 
nature  of  a leap,  but  this  is  found  to  be  an  untrue  statement  of  facts.  In  ac- 
cordance with  the  tracings  it  is  found  that  the  body  performs  its  vertical  risings 
during  the  time  when  the  pressure  of  the  foot  is  downward,  so  that  the  body 
begins  to  rise  as  soon  as  the  gTound  is  touched  by  the  foot,  reaches  its  maximum 
at  the  middle  of  the  foot  pressure  and  then  again  begins  to  descend.  The  time 
of  suspension  does  not  depend  on  the  fact  that  the  body  is  thrown  up  from  the 
ground,  but  upon  the  fact  that  by  the  flexion  of  the  legs  the  legs  have  been  them- 
selves taken  from  the  ground.  This  takes  place  when  the  body  stands  at  its 
greatest  elevation  from  the  ground.  (3)  In  leaping,  although  it  does  not  repre- 
sent a regular  movement  associated  with  human  locomoiion,  we  have  the  two 
feet  united  together  and  making  a series  of  leaps.  It  is  usually  supposed  that  we 
find  a case  in  connection  with  a series  of  movements  which  take  place  between 
the  action  of  one  foot  and  the  action  of  another  foot.  Hence  a pace  is  usually 
measured  by  measuring  the  length  of  the  distance  separating  one  part  of  the 
print  of  one  foot  from  a similar  part  of  the  print  of  another  foot.  According  to 
Marey  this  definition  of  a pace  is  incorrect,  because  he  claims  that  this  represents 
only  a half  pace,  defining  a pace  as  “the  series  of  movements  executed  between 
two  similar  positions  of  the  same  foot.” 

In  connection  with  the  different  attitudes  of  the  body  we  may  notice  the 
sitting  posture.  Sitting  represents  tire  position  of  equilibrium  in  which  the 
body  is  borne  up  on  the  tubera  isehii,  so  that  it  is  possible  to  move  the  body  back 
and  forward  on  this  base.  The  head  and  the  trunk  become  rigid  in  order  to  the 
formation  of  a steady  column.  In  the  sitting  posture  there  are  said  to  be  three 
attitudes:  (1)  the  forward  attitude,  representing  the  line  of  gravity  as  passing 
posterior  to  the  tubera  ischii.  In  this  case  the  body  is  supported  bv  some  fixture. 
(2)  The  backward  attitude;  in  this  case  the  line  of  gravity  being  posterior  to  the 
tubera-ischii.  In  this  case  the  body  is  prevented  from  falling  completely  back- 
ward by  some  support  or  by  the  extension  of  the  leg  in  connection  with  muscular 
action.  In  the  last  case  the  sacrum  becomes  a basis  of  support,  the  trunk  being 
fixed  upon  the  thigh  and  the  leg  extended.  Here  the  center  of  gravity  is  so 
fixed  that  the  foot  assists  in  supporting  the  body.  (3)  In  the  sitting  posture  the 
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gravity  line  passes  between  the  tubera  ischii.  If  the  leg  muscles  are  in  a con- 
dition'of  relaxation  a slight  muscular  action  can  keep  the  trunk  in  a rigid  con- 
dition, the  head  being  balanced  so  as  to  maintain  the  uniform  equilibrium  of  the 
body. 

CHAPTER  XIII.  REPRODUCTION. 

SECTION  I. — Introduction. 

There  is  not  only  the  power  of  maintaining  an  independent  existence  in  con- 
nection with  nutrition  and  the  other  fuctions  of  the  muscular  and  nervous 
mechanism,  but  also  the  power  of  reproducing  life  after  its  own  kind.  Man  is 
to  be  regarded  not  only  as  an  individual  organism,  but  he  is  to  be  regarded  as 
forming  a part  of  a race,  and  as  the  perpetuation  of  the  race  takes  place  in  con- 
nection with  the  production  of  new  organisms  the  reproductive  function  repre- 
sents one  of  the  most  important  physiological  functions.  The  reproductive 
function  cannot  be  said  to  be  limited  to  the  independent  life  of  an  independent 
organism,  but  relates,  rather,  to  the  species,  life.  In  this  sense  reproduction, 
physiologically,  has  not  only  a bearing  upon  sex  and  the  reproduction  of  the 
saxes,  but  includes  at  the  same  time  the  whole  field  of  embryology,  which  is  too 
large  to  be  discussed  here  from  the  standpoint  of  physiology.  Reproduction  in- 
volves the  separation  from  the  parent  organism  of  a part  of  its  own  substance 
in  the  formation  of  an  independent  organism. 

The  process  of  reproduction  is  associated  either  with  the  sexual  or  the 
asexual  methods.  It  has  been  claimed  by  some  that  by  spontaneous  generation 
it  is  possible  that  new  forms  of  life  may  be  originated  without  any  parent  germs 
of  life.  There  seems,  however,  to  be  no  evidence  that  if  the  living  germs  are 
excluded  from  either  air  or  water  there  can  be  any  possible  germination  of  life. 
In  connection  with  water  and  air  we  find  numberless  forms  of  life  which  may 
multiply  beyond  all  possible  conception.  Whether  spontaneous  generation  is 
possible  or  not  it  is  not  a subject  that  can  be  discussed  from  a physiological 
standpoint. 

Of  tbe  two  methods  of  reproduction  the  asexual  is  supposed  to  be  the  most 
primitive  form  and  the  sexual  a later  form  which  has  been  developed  from  the 
asexual.  Tbe  asexual  method  of  reproduction  or  agamogenesis  is  the  chief  form 
of  unicellar  plant,  and  animal  reproduction  by  budding,  fission  and  endogeneous 
cell  or  spora  formation,  the  most  simple  forms  being  bv  fission  or  division.  In 
the  amoeba  the  cell  protoplasm,  including  a nucleus,  is  divided  equally,  the 
separation  of  the  two  parts  resulting  in  two  independent  nucleated  organisms. 
In  ibis  process  there  is  nothing  lost,  because  the  original  matter  of  the  cell  is 
divided  into  two,  becoming  two  offspring  which,  by  increasing  the  size  of  the 
cells,  become  ultimately  parents.  This  method  of  reproduction  is  found  to  exist 
even  where  the  sexual  method  prevails  in  connection  with  the  cell  multiplication. 
The  growth  of  an  embryo  really  takes  place  by  asexual  development  in  the  cells, 
these  cells,  being  combined  together  in  the  formation  of  a separate  individual.  In 
this  case  the  cells  do  not  separate  from  one  another  in  the  formation  of  inde- 
pendent organisms,  but  are  associated  together  very  closely  in  constituting  a 
single  organism.  The  same  asexual  method  of  reproduction  is  found  in  adult 
life  in  tbe  development  of  the  blood  corpuscles  as  well  as  in  Ihc  regeneration  of 
disintegrated  or  injured  tissues.  According  to  Spencer  the  asexual  method  of 
reproduction  represents  a discontinuous  growth.  In  the  case  of  pathogenesis 
there  may  be  the  reproduction  of  offspring  different  from  the  parent  without  any 
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ot  the  sexual  elements.  This  is  found  in  connection  with  the  development  of 
. meclusae-  in  this  case  we  find  that  sexual  union  forms  the  basis,  not  of  a 
sm^le  reproduction,  but  of  the  reproduction  of  several  generations,  some  of  which 
may  be  like  and  some  unlike  the  parent  form,  in  the  case  of  the  bees  we  find 
this  pathogenesis,  the  queen  bee  having  fully  developed  sexual  organs,  the  male 
bee  having  also  organs  and  the  female  working  bees  having  imperfectly  devel- 
oped sexual  organs.  During  the  hiving  process  the  union  of  the  drone  and  the 
queen  takes  place,  the  queen  placing  an  egg  in  a large  comb  cell  and  also  pJaciim 
some  spermatic  fluid  in  the  cells.  In  small  cells  the  eggs  are  placed  within  tin* 
fluid;  m the  latter  ease  the  drone  bees  are  developed,  and  by  the  special  nutrition 
ot  a working  bee  the  working  bee  may  become  a queen  and  also  produce  other 
bees.  By  the  special  feeding  of  this  working  bee  the  sexual  organs  may  become 
fully  developed,  and  thus  the  worker  may  become  a queen. 

Among  the  higher  animals  reproduction  results  from  the  union  of  the  male 
and  female  element's.  These  elements  represent  the  differentiated  parts  of  tin* 
body  of  the  two  sexes,  the  union  of  which  represents  the  potential  activity  that 
is  associated  with  the  development  of  a new  organism.  This  union  of  tile  two 
elements  may  he  found  in  connection  with  the  same  body  organism,  as  in  the 
leimaplnoditic  animals,  as  the  mollusc,  but  in  all  of  the  higher  animals  these 
elements  are  found  associated  with  different  organisms.  This  form  of  reproduc- 
tion, called  gamogenisis,  is  found  in  connection  with  some  unicellar  forms  and 
most  of  the  multicellar  forms  of  life.  In  connection  with  the  heteromita  we  have 
the  perfect  union  of  two  bodies,  this  united  mass  being  divided  into  a number 
of  particles,  each  of  these  particles  developing  into  an  independent  organism.  In 
some  of  the  higher  infusoria  there  is  a temporary  union  of  two  individual  ele- 
ments followed  by  a division,  each  of  the  separated  parts  developing  an  inde- 
pendent life:  In  the  more  highly  developed  animal  forms,  including  man,  we 

find  the  two  sexes,  sex  representing  a very  important  physiological  difference;  in 
each  sex  there  are  two  kinds  of  cells,  the  germ  cells  and  the  bodv  cells,  the  former 
representing  nutrition,  including  all  of  the  normal  functions  that  we  found 
associated  with  the  individual  organism,  and  the  latter  representing  reproduc- 
tion. These  germ  cells  are  spermatozoa  in  the  male,  which  are  small,  and  the 
ova  in  the  female,  which  are  larger  and  much  more  passive  than  the  sperma- 
tozoa. Reproduction  consists  of  the'  blending  of  the  nuclei  of  tlie  male  and 
female  germ  cells;  thereafter,  by  the  process  of  asexual  reproduction,  cell  division 
taking  place.  Thus  after  the  sexual  union  takes  place  the  progress  of  the  newly 
originated  life  form  is  developed  by  asexual  division.  As  to  the  production  of 
sexuality  very  little  is  known.  It  seems  to  be  an  essential  principle  of  all  forms 
of  life  that  reproduction  is  necessary  to  the  perpetuation  of  the  species.  Spencer 
has  pointed  out  that  when  a cell  is  growing  there  is  an  increase  in  the  mass  of 
the  cell  in  the  ratio  of  the  cube,  whereas  the  increase  in  the  surface  of  the  cells 
is  in  the  proportion  of  the  square  of  the  diameter.  This  indicates  that  tlie  mass 
of  the  cell  increases  much  more  quickly  than  the  cell  surface.  This  seems  to 
indicate  that  as  the  organism  develops  it  will  reach  a stage  when  the  cell  will 
he  incapable  of  taking  up  a sufficient  quantity  of  nourishment  to  sustain  the 
substance  of  the  cell.  Hence,  in  order  to  the  nutrition  of  tlie  cell  substance, 
fission  becomes  necessary,  which  simply  means  that  a point  is  reached  beyond 
which  independent  nutrition  is  impossible,  so  that  the  sexual  method  of  repro- 
duction is  based  upon  the  necessity  for  nutritive  growth.  Thus  the  blending 
of  (he  cells  and  their  separation  is  for  Iho  purpose  of  renewing  the  living  sub- 
stance from  the  standpoint  of  nutrition.  It  is  much  more  difficult  to  account  for 
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the  sexual  method  of  introduction,  because  we  must  account  for  not  only  the 
origin  of  an  independent  life,  hut  also  the  origin  of  independent  sexual  life  and 
the  union  of  the  male  and  female  germ  cells  in  order  to  account  for  the  sexuality 
of  the  independent  organism.  We  are  not  able  to  say  whether  sexuality  is  a 
primary  quality  of  the  protoplasmic  substance  or  whether  it  is  an  acquired 
property.  It  is  generally  claimed  that  the  asexual  reproduction  is  the  primitive 
form,  on  account  of  the  fact  that  we  find  it  so  prevalent  among  the  primitive 
forms  of  life.  The  sexual  method  of  reproduction  is  found  very  generally  among 
the  different  forms  of  life,  indicating  that  the  difference  of  sexes  and  also  the 
process  of  sexual  reproduction  represents  an  essential  quality  associated  with 
certain  organisms.  Different  theories  have  been  formulated  in  regard  to  the 
origin  of  sex.  According  to  Hensen  the  union  of  cells  that  is  found  in  connec- 
tion with  the  sexual  method  is  for  the  purpose  of  renovating  the  living  substance. 
Asexual  reproduction  is  circumscribed  on  account  of  the  fact  that  b}'  division  and 
subdivision  the  asexual  power  of  the  cells  become  weakened,  and  in  order  to  assist 
in  the  process  of  regeneration,  the  introduction  of  the  new  germ  plasm  requires 
to  take  place.  This  view  has  peen  defended  by  various  biologists  on  the  ground 
that  if  sexual  union  is  prevented  there  is  an  atrophied  condition  of  the  organism 
with  a corresponding  physiological  debilitation,  representing  the  senility  that 
precedes  death.  Another  theory,  defended  by  Hertwig,  is  that  sexual  reproduc- 
tion hinders  variation,  and  thus  assists  in  maintaining  the  uniformity  of  the 
race.  Hence,  although  the  union  of  different  parents  produces  variation,  it 
tends  to  lessen  the  variation  by  the  production  of  a mean  between  the  two 
parents,  in  this  way  sexual  reproduction  produces  variation,  and  at  the  same 
time  destroys  those  variations,  by  preventing  either  extreme  from  becoming  pro- 
nounced. Weismann’s  theory  is  the  opposite  of  this,  as  he  claims  that  variation 
is  produced  by  sexual  reproduction,  these  varieties  by  natural  selection  contrib- 
uting to  the  production  of  individual  characteristics.  It  would  seem  that  the 
theory  of  Weismann  may  be  associated  with  that  of  Hertwig,  the  former  repre- 
senting the  individual  variation  and  the  latter  representing  the  special  uniformity. 
In  both  cases  the  reproduction  process  emphasizes  variations,  it  is  possible  that 
in  the  perpetuation  of  the  reproduction  process  some  variation  may  be  in- 
tensified and  others  destroyed  to  such  an  extent  that  there  is  produced  the  bal- 
ance between  the  individual  and  the  species.  In  connection  with  the  individual 
organism  we  find  that  many  parts  of  the  organism  can  reproduce  themselves;  in 
other  words,  they  are  capable  of  regeneration.  All  of  the  tissues  of  the  body,  to 
a certain  extent,  do  pass  through  these  regeneration  processes,  the  blood  cor- 
puscles, the  muscles,  the  nerves,  and  even  the  bones  being  renewed.  It  is  claimed 
that  in  the  case  of  cartilage  there  is  no  such  renewal,  but  this  represents  an  ex- 
ception to  the  general  rule  regarding  regeneration.  In  some  of  the  higher 
animals  we  find  the  regeneration  of  entire  organs.  This  is  illustrated  in  the 
regeneration  of  the  digits  of  the  newt,  when  these  have  been  obliterated  or 
destroyed.  In  connection  with  the  human  species  the  sexual  characters  have 
been  divided  into  two  classes,  the  primary  and  the  secondary,  the  former  referring 
to  the  sexual  organs  and  their  function,  the  latter  representing  the  peculiarities 
that  are  associated  with  the  different  sexes,  such  as  the  relative  size  of  the  male 
and  female  body,  the  relative  depth  of  the  male  voice  as  compared  with  the 
female  voice,  these  secondary  characters  are  dependent  upon  the  primary 
characters,  the  primary  characters  being  associated  with  the  male  organs  and  the 
female  organs  and  the  functions  that  are  discharged  by  these  organs.  The 
sexual  organs  are  sometimes  classified  as  essential  and  accessory,  the  former  in 
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the  male  being  the  testes  and  in  the  female  the  ovaries;  while  the  latter  in  the 
male  include  the  vasa  deferentia,  the  seminal  veesicles,  the  urethra,  the  penis 
the  prostate  glands,  the  cowper’s  gland  and  the  scrotum;  in  the  female  the  acces- 
sorv  organs  are  the  Fallopian  tubes,  the  uterus,  the  vagina,  the  vulva  and  the 
mammary  glands. 


SECTION  II. — The  Male  Organs  of  Reproduction. 

The  essential  organs  in  the  male  consist  of  the  two  testes  representing  com- 
plex tubular  glands  enclosed  in  a strong  covering.  This  covering  from  above 
and  behind  develops  a tissue  mass  called  the  mediastinum  testes.1-  In  connec- 
tion with  this  covering  we  find  a number  of  septa  which  separate  the  testes  into 
a number  of  lobules.  These  septa  consist  of  connective  tissue.  The  minute 
testicular  tubes  consist  of  three  parts,  the  tubuli  contorti,  small  convoluted 
tubules  which  pass  into  the  tubuli  recti,  which  are  narrow  tubes  that  pass  into 
the  corpus  in  the  formation  of  the  rete  testis,  whose  canals  are  very  small  in  their 
diameter.  The  wall  that  is  found  in  connection  with  the  small  convoluted  tubes 
gives  us  a layer  of  connective  tissue,  a delicate  membrane  and  a layer  of  epithelial 
cells,  which  vary  in  .connection  with  functional  activity.  These ‘epithelial  cells, 
in  a state  of  rest,  are  found  to  consist  of  several  layers,  while  in  a state  of  activity 
there  is  an  increase  of  the  cuclei,  during  which  the  spermatozoa  are  developed. 
The  spermatozoid  head  corresponds  with  the  nucleus  of  a cell.  In  connection 
with  the  epithelial  cells  we  find  round  cells  and  the  seminal  cells,  which,  when 
they  are  active,  become  elongated,  the  nuclei  being  subdivided.  At  this  point 
the  cell  has  been  called  spermatogemma.  The  end  of  the  cell  branches  outward, 
the  minute  nuclei  representing  the  heads  of  the  spermatozoid.  As  these  sepa- 
rate from  one  another  we  find  the  formation  of  the  spermatozoa. 

The  prostate  gland  is  a glandular  substance  and  also  unstriped  muscle  sub- 
stance, the  gland  cells  being  short  and  the  muscle  being  found  in  large  quantities 
between  the  gland  acini.  The  corpus  glands  are  also  acinous,  having  large 
vesicles.  In  the  penis  we  find  three  cylindrical  bodies,  two  corpora  cavernosa 
and  one  corpus  cavernosum  urethrae.  The  glans  penis  consists  of  veins  very 
much  convoluted,  connected  together  by  means  of  connective  tissue,  in  which 
we  find  small  arteries  and  capillaries. 

The- essential  function  of  these  organs  is  the  formation  of  the  spermatozoa 
and  the  fluid  in  which  the  spermatozoa  lives  and  moves,  and  they  are  also  con- 
nected with  the  storage  and  the  ejection  of  the  seminal  fluid.  The  spermatozoa 
were  for  a long  time  considered  a form  of  parasite.  They  have  been  found  to 
consist  of  cells  that  are  elongated  for  locomotion.  They  consist  of  a head,  a 
central  part,  and  a tail  about  one-four  hundred  and  fiftieth  part  of  an  inch  in 
thickness.  The  head  is  a thin  oval  body,  the  central  part  is  a plasmic  or  rod-like 
structure  in  which  we  find  a centrosome,  and  the  tail  is  a fibrillary  plasmic  sub- 
stance of  cilia  structure.  At  the  tip  of  the  tail  we  find  a very  debate  filamentous 
structure.  The  chief  composition  of  the  spermatozoa  is  represented  by  nuclein 
which  is  found  associated  with  the  head,  together  with  proteids,  lecithin,  choles- 
tcrin  and  fat.  The  spermatozoon  is  very  active  in  form  and  movement,  being 
specially  modified  in  form  for  fecundation  in  connection  with  the  ovum. 
Fecundation  takes  place  in  connection  with  the’nucleus.  The  head  is  specially 
adapted  for  seeking  entrance  into  the  ovum,  while  the  locomotion  is  accom- 
plished by  the  lashing  movement  of  the  tail,  accompanied  bv  rotation,  which 
takes  place  at  the  rate  of  two  or  three  milimeters  per  minute.  The  production 
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of  the  spermatozoa  is  very  rapid,  and  they  are  produced  in  large  numbers,  it 
being  estimated  that  over  200,000,000  are  produced  per  week  in  the  normal  adult. 
These  spermatozoa  can  live  for  a long  time  in  a quiescent  condition,  having  been 
preserved  alive  for  two  days  outside  of  the  human  body.  The  excess  of  produc- 
tion makes  it  possible  for  the  fecundation  to  take  place  in  connection  with  the 
ovum.  If  they  did  not  exist  in  large  numbers  fecundation  might  not  take 
place.  These  spermatozoa  arise  in  connection  with  the  division  of  the  testicular 
cells,  sometimes  called  the  mother, cells,  these  developing  spermatozoa  by  a pro- 
cess of  division.  In  the  human  subject  each  primary  mother  cell  gives  origin 
to  four  spermatids,  these  directly  growing  into  the  spermatozoa. 

Much  discussion  has  taken  place  in  regard  to  the  process  of  maturation.  It 
has  been  found  that  the  chromosomes,  in  connection  with  the  nucleus  of  a 
spermatozoon,  is  only  about  half  that  found  in  the  primary  testicular  cell,  repre- 
senting the  fact  that  the  chromosomes  are  reduced  by  about  one-half.  This  has 
been  found  to  be  the  case  in  the  human  spermatozoa.  These  chromosomes  repre- 
sent, according  to  the  Weissmann  theory,  the  source  of  hereditary  transmission, 
and  indicate,  as  it  is  claimed,  the  division  of  the  chromatic  substances,  so  as  to 
reduce  the  hereditary  substance.  In  connection  with  the  maturation  of  the 
ovum  there  is  a similar  reduction,  so  that  in  the  process  of  union  between  the 
spermatozoon  and  the  ovum  there  is  compensation  for  the  loss  of  the  individual 
chromosomes. 

The  semen,  which  consists  of  the  spermatozoon  and  the  fluid  which  arises 
in  connection  with  the  testes  and  the  vasa-deferentia,  the  seminal  vesicles, 
Cowpers  glands  and  the  prostate  glands,  is  a viscous  white  fluid,  with  a charac- 
teristic odor.  In  addition  to  water,  representing  about  eighty  percent,  it  con- 
tains solid  matter,  including  nuclein,  proteids,  lecithin,  anthin,  cholesterin,  fats 
and  the  sodium  and  potassium  chlorides,  as  well  as  the  sulphates  and  phosphates. 
In  connection  with  the  semen  there  are  found  the  phosphate  crystals  called  Char- 
cot's crystals.  The  chemical  characteristics  of  the  semen  are  not  of  importance 
as  compared  with  the  histological  and  physiological  properties.  The 'seminal 
fluid  is  chiefly  of  value  as  the  medium  of  transmission  for  the  spermatozooa  and 
for  their  nutrition.  The  testes  cells  furnish  some  of  the  nutritive  matter  of  the 
fluid,  the  secretions  of  the  prostatic,  the  seminal  vesicles  and  the  other  glands 
being  necessary  in  order  to  the  mobility,  as  well  as  the  nutrition,  of  the  sperma- 
tozoa. The  prostatic  secretion  is  viscid,  the  solids  being  chiefly  proteids  and 
sails;  the  seminal  vesicle  secretion  is  albuminous,  containing  fibrinogen  to  assist 
in  the  coagulation  of  the  fluid,  and  thus  pre/ent  the  spermatozoa  being  lost;  the 
Cowpers  gland  secretion  is  mucous  in  its  nature.  The  testes  represent  com- 
pound tubular  glands,  appearing  in  the  early  embryonic  life  in  solid  form,  with 
small  tubules;  at  the  time  of  puberty  the  cells  begin  to  divide  in  the  formation 
of  the  spermatozoa.  As  the  spermatozoa  are  formed  they  pass  to  the  center  of 
the  tubules,  leaving  miniature  cells  along  the  walls,  representing  the  immaturity 
of  spermatozoa.  Other  cells  disintegrate  in  the  formation  of  the  nutritive  fluid, 
in  connection  with  which  we  find  minute  granules  or  particles.  This  cell 
activity  goes  on  from  puberty  during  the  active  secretion  of  the  seminal  fluid, 
the  secretion  depending,  to  a certain  extent,  upon  the  discharge  of  semen.  The 
spermatozoa  are  found  to  accumulate  inside  the  seminal  tubules  and  are  pressed 
out  by  the  formation  of  new  spermatozoa.  The  testicular  ducts  consist  of  very 
long  tubules,  the  tubuli  recti,  rete  vas.culosum.  vasa  efferentia,  epididymis,  the 
vas  deferens  and  the  ejaculatory  duct,  forming  passages  for  the  passage  of  the 
mud.  t he  first  two  simply  represent  channels  along  which  the  spermatozoa 
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pass.  The  vasa  efferent ia  and  epididymis  canal,  with  smooth  muscular  tissue 
and  epithelial  ciala,  furnish  a smooth  surface  for  the  movement  outward  of  the 
spermatozoa.  The  vasa  deferens,  or  excretory  duct,  with  its  branching  visiele, 
represents  the  excretory  organ.  In  the  vas  deferens  there  is  a storage  of  the 
spermatozoa,  the  glands  providing  a secretion  and  the  muscular  walls  assisting  in 
the  ejection.  The  seminal  vesicle  furnishes  the  greater  part  of  the  fluid  secre- 
tion. The  ejaculatory  ducts  pass  through  the  prostate  glands,  carrying  the 
semen  to  the  urethra.  The  urethra  represents  the  common  excretory  duct  in 
connection  with  the  urine  and  semen,  consisting  of  the  prostatic,  as  well  a-  the 
membranous  and  spongiose  parts.  In  connection  with  the  first  we  find  the 
prostate  gland,  which  is  a compound  tubular  gland  surrounding  the  urethra  at 
the  base  of  the  bladder,  into  which  it  opens  by  a number  of  minute  ducts,  it 
furnishes  prostatic  fluid  to  the  semen.  The  Cowper’s  glands  are  racemose  in 
character,  the  ducts  opening  into  the  spongiose  part  of  the  urethra.  These 
glands  furnish  a viscid  secretion  which  is  mixed  with  the  seminal  fluid,  although, 
according  to  some,  the  Cowper’s  gland  secretion  is  a lubricant  for  the  urethra. 
The  spongy  parts  of  the  urethra  are  associated  with  the  penis.  The  penis  forms 
the  channel  of  conveying  the  semen,  as  the  intromittent  organ,  its  rectile  func- 
tion being  dependent  upon  the  erectile  tissue,  which  constitutes  the  greater  parr 
of  its  structure.  This  erectile  tissue  is  found  in  connection  with  three  tissue 
masses,  the  two  corpora  cavernosa  being  found  at  the  sides  and  being  united  at 
the  upper  part  of  the  penis;  the  corpus  spongiosum  being  found  in'  the  middle 
line  beneath  and  being  penetrated  by  the  urethra.  In  connection  with  the 
muscular  extremities  of  the  corpora  we  find  bulbous  portions  covered  over  with 
muscular  fibres,  the  ischio  eavernosi  being  found  in  connection  with  the  corpora- 
cavernosa  and  the  bulbo-cavemosus  in  connection  with  the  corpus  spongiosum. 
At  the  peripheral  end  of  each  corpus  there  is  a blood  termination,  the  corpus 
spongiosum  projecting  peripherally  in  the  formation  of  the  glands  penis. 

The  erectile  tissue  consists  of  irregularly  shaped  trabecula,  in  connection 
with  the  connective  tissue,  abundantly  supplied  by  elastic  tissues  and  also  plain 
muscle  tissues.  The  trabecular  spaces  are  filled  with  spindle-formed  plates, 
representing  venous  sinuses,  into  which  the  blood  passes,  chiefly  in  connection 
with  the  terminal  capillaries  that  are  found  in  the  trabecula,  and  also  directly 
in  connection  with  the  arteries.  When  the  branches  of  the  pudie  arteries  and 
the  dorsal  arteries  of  the  penis  become  constricted  the  venous  spaces  are  closed 
to  a large  extent,  the  most  of  the  blood  passing  through  the  arteries  passing  by 
the  ordinary  capillaries  into  the  veins,  the  venous  sinuses  being  practically  empty. 
By  the  dilatation  of  the  arteries  there  is  a large  quantity  of  blood  passed  into 
the  venous  sinuses,  with  the  result  that  distention  takes  place  in  connection  with 
the  erectile  tissue.  In  connection  with  the  dog  and  cat  we  find  fibres  from  the 
anterior  roots  of  the  first,  second  and  third  sacral  nerves,  constituting  the  nervi 
erigentes,  which  are  distributed  to  the  penis  in  connection  with  the  pelvic  plexus; 
in  the  monkey  the  nerve  fibres  spring  from  tbe  seventh  lumbar  and  the  first  and 
second  sacral  nerves.  These  represent  tbe  erectile  fibres  in  connection  with  the 
penis,  their  action  being  vaso  dilator,  resulting  in  tbe  dilatation  of  the  arteries. 
Erectile  action  is  not  entirely  dilatation,  because  tbe  dilatation  of  the  arteries  is 
assisted  by  the  relaxation  that  takes  place  in  the  trabecular  muscle  fibre.  In 
addition  ito  this  the  blood,  as  it  fills  the  venous  sinuses,  presses  upon  the 
large  veins,  thus  increasing  the  distended  condition,  and  the  contraction  of  the 
muscles  between  which  the  veins  pass  assist  in  preventing  the  outflow  of  blood. 
This  dilatation,  associated  with  the  nervi  erigentes,  may  be  stimulated  reflexly 
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by  the  stimulation  of  the  glans  penis,  the  center  of  this  reflex  action  being  found 
in  the  lumbar  region  of  the  spinal  cord.  The  action  is  not  purely  reflex,  as 
erection  may  also  take  place  as  the  result  of  psyschic  emotions  which  originate 
impulses  that  pass  down  to  the  lumbar  centers.  The  act  of  erection  and  the 
consequent  seminal  ejection  takes  place  in  connection  with  a number  of  actions. 
The  epididymis  represents  a store-house  of  seminal  fluid.  The  beginning  of 
the  action  is  represented  by  secretory  activity  in  the  seminal  tubes,  increasing 
the  amount  of  fluid  found  in  the  epididymis.  Then  follows  the  propulsion  of 
the  fluid  that  is  found  in  the  epididymis  by  peristaltic  action,  passing  along  the 
tubular  walls.  This  secretory  fluid  is  carried  to  the  vas  deferens,  and  by  peris- 
taltic action  passes  along  this  tube.  The  result  of  this  is  that  the  seminal  vesicles 
become  filled,  and  thus  distended,  the  distention  being  followed  by  a strong 
contraction  of  the  vas  deferens  and  the  seminal  vesicles,  with  the  result  that  the 
fluid  is  ejected  into  the  prostatic  urethra.  Then  follows  the  contraction  of  the 
prostate  fibres,  producing  the  ejection  of  the  prostate  secretion  into  the  canal 
of  the  urethra.  Here  the  action  of  the  unstriped  muscle  fibres,  in  their  peristal- 
tic action,  cease,  and  we  have  the  action  of  the  striped  muscle,  by  the  powerful 
.contraction  of  the  levator  ani,  the  Constrictor  Urethrae,  Ischiocavernosus  muscle 
and  the  Bulbo-Cavernosus  muscle.  The  contraction  passes  in  a wave-like  man- 
ner from  the  posterior  to  the  anterior,  continuing  rhythmically  until  the  semen 
is  driven  out  into  the  urethra.  These  powerful  contractions  are  at  least  assisted, 
if  not  produced,  by  reflex  action  in  connection  with  the  lumbar  region  of  the 
spinal  cord,  the  afferent  impulses  originating  from  the  sensory  surface  of  the 
glans  penis.  When  the  semen  is  discharged  into  the  vagina  the  vaginal  walls 
are  in  a condition  of  dilatation,  and  it  passes  to  the  upper  end  of  the  vagina,  where 
there  is  found  a cavity  in  connection  with  the  os  uteri.  In  this  way  the 
spermatozoa  are  brought  into  connection  with  the  uterus  and  the  Fallopian  tube, 
where  they  are  brought  into  contact  with  the  ovum.  The  passage  of  the  sperma- 
tozoa takes  place  largely  on  the  basis  of  vibratile  action,  although  in  some  animals 
there  is  a backward  peristaltic  movement  of  the  uterus  along  the  Fallopian  tubes, 
which  assists  in  the  coition  of  the  spamatozoa  and  the  ovum. 


SECTION  III. — The  Female  Organs  of  Reproduction. 

The  ovaries  in  the  female  are  found  to  consist  of  glandular  substance  and 
connective  tissue.  Externally  there  is  a fibrous  tunic,  .consisting  of  connective 
tissue  bundles;  then  we  find  a cortical  substance,  in  connection  with  which  we 
find  the  glands,  and  internally  we  find  a medullary  substance,  in  connection  with 
which  we  find  smooth  muscle  fibres.  In  the  maturation  of  the  Graafian  vesicle  it 
breaks  next  to  the  ovarian  surface,  the  ovum  passing  into  the  Fallopian  tube. 
The  vesicle,  when  emptied,  becomes  the  corpus  luteum,  and  if  impregnation  does 
not  take  place  there  is  the  disappearance  of  the  corpus  luteum,  while  if  preg- 
nancy takes  place  there  is  the  formation  of  the  true  corpus  luteum.  The  forma- 
tion of  the  true  corpus  luteum  takes  place  in  connection  with  fibrous 
membrane,  in  connection  with  cell  proliferation  of  the  membrana  granu- 
losa the  connective  tissue  is  formed  in  connection  with  the  blood  clot 
that  is  derived  from  the  breaking  of  the  vessels,  the  membrana  cells 
proliferating.  Pbe  ovarian  arteries,  which  branch  from  the  internal  sper- 
ma  jc,  pass  into  the  hilum  and  then  divide  in  the  medullary  substance,  running 
in  a convoluted  path  into  the  cortical  substance,  forming  plexuses.  The  veins 
are  found  near  to  the  hilum  in  a dense  plexus.  In  the  Fallopian  tube  we  find 
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three  membranes,  a mucous  on  the  internal,  a muscular  in  the  middle,  and  a 
serous  on  the  external  surface.  The  internal  membrane  is  folded  longitudinally, 
the  folds  being  greatest  at  the  upper  extremities  of  the  tubes,  forming  the 
fi  mini  a ted  ends.  J he  uterine  wall  has  a mucous  membrane,  a muscular  tis-ue 
and  a serous  membrane  covering.  The  membrana  propria  consists  of  connective 
tissue  connected  together,  in  the  midst  of  the  fibres  being  found  many  white 
corpuscles  and  also  tubular  glands.  The  muscular  coat  consists  of  smooth 
muscle  fibres,  in  the  midst  of  which  there  are  interwoven  three  strata.  In  con- 
nection with  the  cervix  uteri  we  find  a thicker  mucous  memlrrane  and  also 
papillae  covered  over  with  tesselated  epithelium.  We  also  find  mucous  glands 
which  are  filled  with  a secretion  called  the  glands  of  Xaboth.  During  the  period 
of  menstruation  the  mucous  membrane  is  thickened,  on  account  of  the  increase  of 
the  interstitial  substance  and  the  number  of  leucosites,  the  glands  being  also  in- 
creased and  the  blood-vessels  dilated.  When  pregnancy  takes  place  the  mucous 
membrane  is  thickened,  and  the  muscular  layers  also  become  considerably 
thickened. 

In  the  vagina  we  find  a mucous,  a muscular  and  a fibrous  coating.  In  the 
mucous  membrane  tve  find  papillae,  with  a delicate  membrane  of  connective 
tissue,  the  leucosites  being  found  in  connection  with  the  epithelial  cells.  There 
are  no  glands  found  in  connection  with  these  coatings,  the  capillary  blood  vessels 
being  found  in  the  mucous  and  submucous  coating,  and  the  veins  in  connection 
with  the  muscle  fibres.  Around  the  clitoris  and  the  urethral  opening  we  find 
mucous  glands,  and  in  connection  with  the  labia  minora  we  find  sebaceous  glands, 
the  structure  of  the  clitoris  being  analogous  to  that  of  the  skin.  The  vaginal 
secretion  is  found  to  contain  epithelial  cells,  white  corpuscles,  and  sometimes  a 
pathological  parasitic  worm  called  trichomonas  vaginalis. 

The  chief  function  of  the  female  reproductive  organs  is  the  formation  of  the 
female  germ  cells,  called  the  ova,  their  conveyance  to  the  uterus,  and  when 
fecundated,  the  protection  and  sustenance  of  the  embryo  during  its  intra-uterine 
life  and  its  final  delivery  at  birth.  The  human  ovum  represents  a rounded  cell 
of  protoplasm  about  one-twenty-fifth  of  an  inch  in  diameter.  The  nucleus  is 
distinct  from  the  cell  body,  which  consists  of  a very  fine  framework  of  protoplasm 
externally  clear  and  transparent,  internally,  towards  the  center,  dense  and  dark, 
on  account  of  the  presence  of  the  deutoplasmic  substance,  which  furnishes  a 
nutriment  to  the  embryo.  The  external  protoplasm  is  called  cytoplasm,  the 
.cytoplasm  consisting  of  a very  delicate  protoplasm.  Close  to  the  nucleus  we  find 
a differentiated  substance,  consisting  of  the  eentrosome.  The  nucleus,  or  germ- 
inal vesicle,  is  spherical,  and  exists  away  from  the  center,  being  limited  by  the 
nuclear  membrane.  The  protoplasm  is  said  to  consist  of  two  kinds  of  substance, 
the  one  chromatic  and  the  other  achromatic.  The  latter  is  said  to  be  the  same 
as  the  cytoplasm.  The  chromatic  substance  is  associated  with  the  nucleus,  and 
as  it  passes  through  certain  stages  becomes  chromosome.  It  is  in  connection 
with  the  chromatic  substance  that  the  transmission  of  germinal  life  takes  place. 
The  nucleus  is  found  to  be  limited  by  a membrane,  and  contains  a nucleolus  which 
is  called,  sometimes,  the  germinal  spot.  The  ovum  is  found  to  be  surrounded 
by  a thick  membrane  called  the  zona  pellucida.  in  connection  with  which  radia- 
tion takes  place  to  the  ovum,  these  radiating  lines  representing  pores,  and  thus 
forming  media  of  communication  between  the  nutriment  and  the  germinal  Sub- 
stance. In  connection  with  the  external  portions  of  the  zona  pellucida  we  find 
cells  that  are  derived  from  the  Graafian  follicle,  constituting  a complete  covering. 


THE  FEMALE  ORGANS  OF  REPEODUCTION. 


785 


Nothing  is  known,  definitely,  of  the  chemical  composition  of  the  human 
ovum.  The  protoplasm  is  said  to  be  undifferentiated,  consisting  of  proteid  sub- 
stances, whereas  the  deutoplasm  represents  the  food  substance,  consisting  of 
vitellin,  nuclein,  salts,  fats,  etc.  The  ovum,  in  connection  with  fecundation,  is 
passive,  the  nucleus  being  combined  with  the  nucleus  of  the  spermatazoon,  the 
larger  part  of  the  ovum  representing  the  nutrition  of  the  combined  spermatazoon 
and  ovum.  In  the  maturation  of  the  ovum  the  process  is  analogous  of  the  sper- 
matozoon, taking  place  as  the  ovum  leaves  the  ovary.  This  takes  place  by 
karyokinesis  of  the  nucleus,  very  similar  to,  if  not  the  same  as,  the  karyokinesis 
of  the  ordinary  cell.  The  nucleus  moves  outward  towards  the  surface,  the 
cytoplasm  divides  into  two  parts,  being  arranged  on  either  side  of  the  nucleus, 
the  substance  between  being  formed  into  a filamentous  shape,  the  nucleus  being 
divided  into  two  parts,  representing  two  polar  bodies  that  have  no  special  func- 
tion in  connection  with  the  ovum.  This  involves  the  reduction  of  the  chromatic 
substance  so  as  to  prepare  it  for  union  with  the  male  germ  cell,  maturation  in 
both  cases  being  a preparation  for  this  union  of  the  male  and  female  germ  cells. 
The  maturation  of  the  ovum  differs  from  that  of  the  spermatozoon,  because  in 
the  lattei'  ease  the  primitive  mother  cell  is  divided  into  four  spermatozoa,  while 
in  the  latter  case  the  primitive  mother  cell  is  divided  into  two  polar  bodies 
which  have  no  special  function,  and  one  ovum  which  is  functional.  The  two 
processes,  however,  are  essentially  the  same,  the  aim  in  both  cases  being  to  re- 
duce the  chromatic  substance  in  connection  with  the  nucleus.  In  the  ovum 
maturation  the  chromosomes  are  divided  in  two,  and  the  number  of  germ 
cells  is  the  same.  The  matured  cell,  although  it  is  a cell,  is  incomplete,  the 
completion  taking  place  in  connection  with  the  fecundation  process,  when  the 
chromosomes,  which  in  the  somatic  cells  have  been  divided  in  two  to  form 
the  germ  cells,  are,  restored  to  their  normal  number  by  the  union  of  the  male 
and  female  germ  cells.  In  this  way  the  chromatic  substance  of  the  two  germ 
cells  represents  the  male  and  female  elements  that  are  associated  with  the  repro- 
duction of  life.  According  to  Weissmann  this  maturation  process  is  essential  in 
order  to  prevent  the  increase  of  these  hereditary  elements,  which  would  take 
place  if  such  a division  did  not  take  place  in  the  reduction  of  the  chromatic 
cell  substance;  thus  the  process  of  maturation  prepares  the  germ  cells  for  union 
in  the  formation  of  the  germ  of  the  newly  developed  life. 

I he  ovaries  are  somtimes  called  glands,  but  they  represent  a solid  structure, 
consisting  of  a framework  of  connective  tissue  with  connective  tissue  cells,  the 
ova  being  produced  in  connection  with  these  ovaries.  The  development  of  the 
ova  takes  place  in  the  Graafian  follicles,  the  development  talcing  place  from 
primary  ova  which  represent  modified  cells,  in  connection  with  the  epithelial 
germ.  In  the  human  ovary  it  is  esimated  that  after  puberty  there  are  70,000 
ova,  these  representing  modifications  of  the  germinal  epithelium,  while ’the 
development  takes  place  in  the  Graafian  follicles.  These  Graafian  follicles  are 
found  to  be  lined  by  epithelial  layers,  and  it  is  filled  with  a fluid  called  the 
liquor  foil  i cub.  As  the  development  takes  place  the  Graafian  follicle  comes  to 
tbe  surface  of  flic  ovary,  and  rupture  takes  place  in  the  follicle  wall  when  ready 
for  discharge,  tbe  ovum  being  thrown  upon  the  ovary  surface,  to  be  taken  up  by 
tbe  Fallopian  tubes.  The  ovum  discharge  is  called  the  ovulation.  The  follicles, 
when  emptied,  become  the  eopus  luteum,  which  degenerates  and  disappears, 
unless  fecundation  follows,  when  it  increases  in  connection  with  pregnancy  and 
remains  in  this  enlarged  condition  before  degeneration  sets  in. 
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Some  physiologists  claim  that  ovulation  accompanies  menstruation  but  it 
does  not  seem  to  be  limited  to  the  menstrual  period.  It  would  seem,  however 
that  ovulation  at  the  menstrual  period  is  more  characteristic  than  at  the  inter- 
menstrual  periods.  These  Graafian  follicles  are  found  to  develop  even  before 
puberty,  some  cases  being  on  record  in  which  ovulation  is  found  during  child- 
hood. The  ovulation  usually  begins  about  the  period  of  puberty  in  connection 
with  menstruation.  It  is  supposed  by  most  physiologists  that  ovulation  is  sus- 
pended during  the  period  of  pregnancy,  and  some  claim  also  during  the  period 
of  Jactation:  there  is,  however,  evidence  that  during  the  lactation  period  ovula- 
tion may  take  place.  In  the  Fallopian  tubes  we  find  two  layers  of  plain  muscle, 
an  external  longitudinal  and  an  internal  circular,  the  two  being  lined  with  cilia,  in 
connection  with  which  movements  take  place  towards  the  uterus.  The  chief 
function  of  the  Fallopian  tubes  is  to  furnish  the  channel  for  the  passage  of  the 
ova  to  the  uterus  and  the  spermatozoa  to  the  ovary.  After  ovulation  there  is  a 
slight  adherence  of  the  ovum  to  the  ovary  centers  in  connection  with  the  liquor 
follieuli.  It  is  claimed  by  some  that  the  enlarged  end  of  the  Fallopian  tube 
firmly  lays  hold  of  the  ovary,  the  ovum  being  discharged  into  the  tube  in  con- 
nection with  the  fimbriated  cilia,  the  cilia  in  the  tube  in  connection  with  muscu- 
lar contraction  carrying  the  ovum  towards  the  uterus.  The  uterus  receives  the 
ovum  as  it  passes  from  the  Fallopian  tube,  and  it,  unfecundated,  passes  into  the 
Angina.  It  also  receives  from  the  Angina  the  spermatozoa  and  sends  them  on  to 
the  lalloapian  tube.  The  uterus  represents  the  menstrual  change,  and  when 
fecundation  takes  place  the  uterine  germ  is  developed  and  nourished  within  the 
uterus  until  its  expulsion  takes  place  from  the  uterus.  Hence,  Avhen  fecundation 
has  taken  place  the  uterus  holds  the  embryo  until  the  close  of  the  uterine  life. 
It  consists  of  three  layers  of  muscles,  the  outer  and  middle  coats  being  thin,  the 
inner  la3rer  forming  the  chief  part  of  the  uterine  Avail.  The  fibres  are  circular, 
at  the  upper  part  becoming  transverse  in  connection  with,  the  Fallopian  tubes, 
and  at  the  cervix  circular  fibres  are  found  encasing  longitudinal  fibres.  The 
mucous  membrane  represents  a thick  membrane  in  Avliich  are  found  a larjje  num- 
ber of  glands  that  secrete  a mucous  substance.  The  tissue  development  takes 
place  gradually  until  the  period  of  puberty.  The  most  important  phenomenon 
connected  Avitli  the  female  organ  is  associated  AA’itl  1 the  menstruation  change. 

From  about  fifteen  to  seventeen  years  of  age,  representing  the  age  of  puberty, 
to  forty-five  years  of  age,  the  escape  of  an  ovum  from  the  ovary  takes  place 
monthly.  Accompanying  this  change  there  are  certain  changes  in  the  pelvic 
and  uterine  organs  both  of  a.  local  and  general  character.  There  is  an  increase 
in  the  size  of  the  uterus  associated  Avith  the  increased  Aoav  of  blood;  the  mucous 
membrane  becomes  thickened  and  some  parts  of  the  mucous  membrane  become 
separated,  some  of  the  capillaries  being  ruptured,  producing  a mixed  fluid  con- 
sisting of  mucus  and  blood  called  menstrual  fluid.  The  discharge  may  con- 
tinue for  three  or  four  days,  usually  slight  at.  the  beginning,  and  becomes  more 
abundant  until  it  reaches  a maximum  and  then  slowly  decreases.  The  amount 
of  nlood  discharged  varies  from  100  to  200  grams.  The  blood  arises  from  the 
ruptures  of  the  blood-vessels  of  the  uterine  wall.  During  this  period  there  is  a 
large  increase  in  the  blood  flow  in  the  uterus.  Along  Avith  this  there  is  a disin- 
tegration of  the  epithelium,  the  hlood  being  mixed  freely  with  the  mucous 
epithelial  cells,  the  red  corpuscles  and  the  leucocytes.  After  the  flow  ceases  the 
mucous  membrane  is  repaired,  there  being  a new  growth  of  cells  of  capillaries 
and  of  glands.  Accompanying  those  uterine  changes  are  found  a congested 
condition  of  the  Fallopian  tube  and  of  the  ovaries.  Tt  is  generally  believed  that 
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ovulation  accompanies  these  periodic  changes.  These  are  also  accompanied  hy 
some  characteristic  signs,  usually  found  in  the  swollen  condition  of  the  breast, 
the  thyroid  and  the  parotid  glands,  the  dull  and  dark  skin,  and  especially  the 
dark  color  around  the  eyes.  There  is  often  mental  and  nervous  excitement,  to- 
gether with  feelings  of  pain  in  the  back  and  the  limbs,  and  sometimes  sickness 
and  vomiting.  These  changes,  associated  with  menstruation,  are  evidences  of 
physiological  changes  taking  place  in  connection  with  the  monthly  period,  so 
that  the  female  organism  is  altered  so  as  to  accommodate  itself  to  the  uterine 
changes  that  take  place  in  connection  with  the  organism.  In  the  intervals  be- 
tween the  menstrual  periods  the  nervous  condition  is  improved,  the  vascular  con- 
dition is  also  regenerated,  and  there  is  a gradual  increase  in  the  trophic  condi- 
tion of  the  system.  These  changes  usually  reach  a maximum  just  before  the 
beginning  of  the  menstrual  how,  and  then,  as  the  flow  begins,  the  changes  begin 
to  give  evidence  of  a fall,  a minimum  being  reached  towards  the  end  of  menstru- 
ation. There  is  thus  found  to  be,  in  connection  with  the  female  organism, 
monthly  rhythmical  changes  that  are  associated  with  the  uterine  changes.  The 
beginning  of  menstruation  is  usually  the  indication  of  puberty,  or  the  capacity 
ofprocreation.  In  temperate  climates  it  usually  occurs  at  fifteen  or  sixteen 
years;  in  tropical  climates,  from  three  to  five  years  earlier,  depending  upon  the 
growth  and  also  the  food.  In  normal  conditions  it  ceases  during  pregnancy  and 
also  during  lactation.  In  some  exceptional  cases  menstruation  begins  even  in 
childhood,  and  in  some  cases  menstruation  has  been  found  to  be  entirely  absent. 
By  the  entire  removal  of  the  ovaries,  menstruation  would  cease.  The  cessation 
of  menstruation  indicates  the  climacteric  period  of  life,  usually  ranging  from 
forty-four  to  forty-eight  years,  the  change  taking  place  gradually.  Accompany- 
ing this  change  there  is  also  a series  of  body  changes,  the  reverse  of  those  taking 
place  in  connection  with  puberty.  Ovulation  and  menstruation  are  largely  inde- 
pendent, as  they  do  not  necessarily  coexist.  The  uterine  development  prepares 
for  the  growth  of  the  embryo.  When  an  ovum  is  discharged  and  becomes  fecun- 
dated, it  is  attached  to  the  uterine  wall,  and  a pregnant  condition  follows.  If 
fecundation  does  not  take  place,  then  we  find  tissue  degeneration,  and  the  dis- 
charge takes  place.  In  the  escape  of  an  ovum  from  the  Graafian  vesicle,  it  passes 
into  the  fimbriated  end  of  the  Fallopian  tube.  The  ovum  passes  along  the  tube 
by  a ciliary  movement,  and  in  connection  with  muscular  peristalsis. 

Several  theories  have  been  formulated  in  regard  to  menstruation,  all  of  them 
agreeing,  more  or  less,  in  this:  that  it  is  associated  with  the  function  of  repro- 
duction. The  oldest  theory  represented  menstruation  as  an  outflow  of  superfluous 
nutrient  fluid.  Pfluger  formulated  a theory  to  account  for  menstruation,  claim- 
ing that  it  took  place  in  order  to  remove  the  older  and  exhausted  parts  of  the 
uterine  walls,  in  order  to  prepare  a new  surface  for  the  ovum  when  fecundated. 
In  connection  with  the  development  of  the  ovarian  cells  and  the  dilatation  of 
the  ovary,  there  is  aroused  a stimulus,  which  is  communicated  to  the  ovarian 
nerves.  In  connection  with  these  stimuli  there  is  a dilatation  of  the  blood  ves- 
sels, the  excessive  supply  of  blood  producing  rupture  of  the  follicle.  Hence 
menstruation  and  ovulation  represent  the  same  producing  cause.  According 
to  this  theory  we  can  easily  account  for  the  absence  of  menstruation  when  the 
ovaries  have  been  removed.  Modern  theories  have  been  formulated  to  account 
for  the  changes  that  take  place,  the  tendency  in  modern  times  being  to  regard 
ovulation  and  the  menstruation  as  being  independent;  the  uterine  development 
represents  the  preparation  for  the  embryonic  germ.  Hence  the  decidua  menstru- 
al^ prepares  the  way  for  the  decidua  gravidi  tatis.  When  an  ovum  is  fecundated 
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it  becomes  attached  to  the  uterine  wall,  pregnancy  results,  and  the  decidua  i- 
retained  until  the  time  when  the  parturition  period  approaches.  Jf  the  fecunda- 
tion does  not  take  place  there  is  no  attachment  to  the  uterine  wall,  the  tissues 
degenerate  and  are  discharged  in  connection  with  the  menstrual  Jlow.  Jacobi 
considers  menstruation  as  the  physiological  homologue  of  parturition.  Jt  is 
said  to  be  primarily  derived  from  the  periodical  change  in  condition  found  in  the 
lower  forms  of  life.  This  represents  something  that  is  inherited  from  more 
primitive  forms  of  life.  In  these  primitive  forms  of  life  we  find  what  are  called 
lepiocluctrv e,  or  seasonal,  sexual  periods,  sexual  activity  taking  place  during  those 
specific  seasons.  Civilization,  applied  to  the  human  subject,  has  largely  modified 
this  original  natural  endowment.  In  line  with  this  it  is  claimed  that ‘the  repro- 
ductive periods  have  become  more  frequent,  and  that  the  frequency  of  the  men- 
stmal  peiiods  represents  the  homologue  of  these  increased  reproductive  periods. 

eie  lie  hate  a modification  of  the  reproductive  function,  associated  with  the 
upv aid  evolution  of  the  human  species.  In  connection  with  the  reproductive 
oiga ns  it  ought  to  be  noticed  that  they  are  not  quiescent,  hut  are  really  associated 
with  an  internal  secretion.  It.is  claimed  by  some  that  the  removal  of  the  testes 
or  the  ovaries  is  not  accompanied  by  great  body  changes;  at  the  same  time,  the 
removal  of  these  organs  produces  characteristic  changes,  both  in  connection  with 
the  male  and  the  female.  This  undoubtedly  indicates  that  there  is  a reaction 
of  the  sexual  organs  upon  the  other  organs  of  the  body.  It  is  possible  that 
there  is  not  only  a chemical  reaction,  but  also  a nervous  reaction.  In  regard  to 
the  chemical  reaction,  it  has  been  shown  that  the  injection  of  testicular  extracts 
has  a beneficial  effect  upon  the  system,  indicating  that  there  is  an  internal  score- 
tiou  associated  with  the  reproductive  organs,  which  is  of  value  in  the  general 
metabolism  of  the  body. 


SECTION  IV. — The  Reproductive  Functions. 

The  essential  part  in  the  process  of  reproduction  is  the  blending  of  the  two 
germ  cells.  Hence,  in  the  reproductive  process,  we  require  to  follow  spermatozoa 
and  the  ova  in  their  relations  as  germ  colls.  Originally,  it  is  believed,  the  sperma- 
tozoa and  the  ova  are  similar  cells,  being  modified  during  development,  the  one 
becoming  an  active  and  the  other  a passive  cell;  these  modifications  take 
place  in  connection  with  the  cytoplasm,  the  nuclei  in  both  cases  remaining  un- 
changed. The  many  processes  that  are  involved  in  the  reproductive  function 
are  simply  for  the  purpose  of  bringing  together  these  two  chromatic  substances, 
which  represent  the  male  and  female  germ  elements. 

The  act  of  coition  is  the  union  of  .the -two  sexes  in  the  passing  of  the  seminal 
fluid  from  the  male  io  the  female.  The  penis  becomes  rigid  and  the  bulbar 
organs  become  turgid.  These  are  pi’oduced  by  vascular  dilatation,  due  to  the 
muscular  and  nervous  impulses.  The  vascular  changes  are  associated  with 
nervous  and  muscular  action.  Frection  is  a reflex  action,  the  center  being  in 
the  lumbar  region  of  the  spinal  cord,  and  it  is  aroused  by  psychic  or  tactile  sen- 
sations, the  center  acting  through  the  sacral  nerves  and  the  hypogastric  plexus. 
From  the  first  two  sacral  nerves  arise  the  nervi  erigentes.  Impulses  may  origi- 
nate in  the  brain  and  pass  down  along  the  spinal  cord;  they  may  also  arise  in 
the  Avails  of  the  testicular  duct,  arising  from  the  pressure  of  the  semen,  or  from 
a sensory  stimulation  of  the  penis,  impulses  passing  along  the  sensory  nerves  to 
the  center.  In  the  female,  corresponding  phenomena  are  associated  with  the 
female  organs,  the  clitoris  with  the  glans,  and  the  corpora  cavernosa  correspond- 
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ine  to  the  penis;  the  two  bulbar  vestibuli  with  the  bulb  of  the  corpus  spongio- 
sum and  the  pars  intermedia  with  the  corpus  spongiosum.  The  erectile  mechan- 
ism in  the  female  is  analogous  to  the  male.  The  semen  is  stored  m the  ducts 
of  the  testes-  by  the  contraction  of  the  seminal  vesicles  the  fluid  is  passed  out 
into  the  prostatic  part  of  the  urethra,  from  which  it  is  driven  out  by  the  mus- 
cular contraction  of  the  fibres  around  the  bulbar  portion  of  the  urethra.  It  is 
mixed  with  the  prostatic  fluid,  and  the  secretion  of  Cowper’s  glands,  the  pros- 
tatic expelling  the  fluid,  the  final  urethral  expulsion  taking  place  in  connection 
with  the  cavernosa  constrictor  urethrae  and  the  anal  muscles.  In  the  female 
there  is  also  a discharge  taking  place  in  connection  with  the  Barth olini  glands, 
which  pour  out  a mucous  fluid  into  the  vulva.  Accompanying  this  there  ^is  a 
downward  movement  of  the  uterus  and  a contraction  of  the  uteiine  walls.  Ihe 
spermatozoa,  by  quick  locomotion,  make  their  ivay  into  the  Fallopian  tube, 
where  the  union  takes  place  with  the  ovum.  It  is  generally  supposed  that  the 
uterine  contraction  sucks  the  fluid  towards  the  uterus,  which  accounts  for  its 
passage  through  the  os  uteri  and  the  cervix.  This  is  aided  by  the  vaginal  walls 
contracting.  These  movements  are  assisted  by  the  very  active  movements  of 
the  spermatozoa  moving  along  the  mucous  surface,  the  ciliary  movement  being 
said  to  increase  the  spermatozoa  activity.  The  movements  are  rapid,  normally, 
as  there  seems  to  exist  a selective  affinity  between  the  ova  and  the  spermatozoa, 
possibly  of  a mechanical  nature.  In  the  maturation  of  the  spermatozoa  and 
the  ova  there  is  the  loss  of  one-half  of  the  chromosomes  in  connection  with  the 
nucleus  in  each  case;  after  this  maturity  the  fluid  is  pressed  together  in  the  Fallo- 
pian tube,  the  blending  of  the  germ  cells  taking  place  into  a single  cell,  forming 
the  process  of  fecundation.  At  the  period  of  fecundation  the  ovum  is  sur- 
rounded by  the  zona  radiata,  the  corona  radiata  being  lost.  Around  the  zona 
the  spermatozoa  are  found  in  rapid  movement,  attempting  to  pass  through.  The 
head  and  the  central  part  of  the  spermatzoon  being  necessary  to  the  fecundation 
of  these  parts,  are  reserved,  while  the  tail,  whieh  seems  to  be  unnecessary  is 
permitted  to  be  destroyed.  The  head  makes  its  way  to  the  center  of  the  ovum, 
and  by  sucking  out  the  fluid,  becomes  enlarged.  The  oval  nucleus 
is  found  near  the  center  of  the  ovum,  where  it  meets  the  sperma- 
tozoon nucleus,  the  two  nuclei  being  fused  together  in  the  formation 
of  a new  nucleus,  called  the  first  segmentation  nucleus.  This  con- 
sists of  a chromatic  framework,  in  which  is  mingled  the  chromatic  substance, 
the  entire  structure  being  covered  with  a nuclear  membrane.  This  chromatic 
substance,  half  being  derived  from  the  sperm  and  half  from  the  ovum,  forms 
the  hereditary  substance,  this  containing  all  the  hereditary  qualities  of  the  future 
individual.  As  the  sperm  head  is  passing  through  the  ovum  substance  there 
gathers  around  it  a cytoplasmic  substance,  the  centrosome,  around  the  centro- 
some  being  gathered  the  cytoplasmic  substance  forming  the  sperm  star.  The 
ovum  plasm  thus  gathers  around  the  centrosome  in  the  shape  of  a star,  its 
functional  activity  being  associated  with  the  polar  bodies  on  either  side  of  the 
nucleus  in  the  maturation  of  the  ovum.  The  entire  body  is  called  spermaster. 
It  enlarges  and  is  found  in  connection  with  the  nucleus  of  segmentation.  The 
centrosome  is  supposed  to  originate  from  the  central  part  of  the  spermatozoon. 
This  spermaster  represents  the  resulting  single  cell,  produced  by  the  union  of 
the  primary  nuclei,  thus  forming  the  origin  of  the  individual  life. 

The  growth  of  this  part  represents  a complex  process  of  segmentation,  in- 
cluding cell  division,  growth,  specialization.  The  early  stages  of  ovum  division 
are  technically  called  segmentation,  in  the  human  subject.  In  segmentation 
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tlioic  arc  f'oimed  a large  number  ol  rounded  bodies,  tlie  ovum  being  increased 
in  size.  Each  division  seems  to  be  associated  with  three  marked  acts,  which, 
however,  cannot  he  absolutely  distinguished  from  each  other.  (1)  There  appear 
two  centrosomes  instead  of  one,  each  one  occupying  a position  on  the  opposite 
sides  of  the  nucleus.  According  to  some,  these  two  centrosomes  represent  one 
the  male  and  the  other  the  female  part  of  the  germ,  according  to  which  heredi- 
tary qualities  are  transmitted  by  the  nuclei  and  the  psychoplasm.  According  to 
others,,  they  arise  from  the  central  part  of  the  spermatozoon,  and  are  not  connected 
in  any  way  with  hereditary  transmission,  the  nucleus  alone  being  the  bearer  of 
hereditary  characteristics..  (2)  During  the  second  stage  the  nucleus  is  divided, 
the  nuclear  membrane  disappearing.  The  achromatic  network  becomes  fila- 
mentous, arranged  around  the  centrosomes.  The  chromatic  substance  becomes 
arranged  in  rod-form  chromosomes.  The  male  and  female  chromosomes  remain 
distinct,  each  chromosome  dividing  longitudinally,  the  two  parts  being  drawn 
to  the  centrosomes.  In  the  nuclear  division  the  male  and  female  elements  are 
equally  divided,  and  hence  there  is  an  equal  inheritance  of  the  parental  charac- 
teristic. (3)  The  cytoplasm  becomes  divided  into  two  parts,  each  part  taking 
one  of  the  nuclei,  the  two  blastomere  .cells  taking  the  place  of  the  single  ovum. 
Each  blastomere  then  divides,  by  karyokinesis,  again  into  two,  with  the  result 
that  there  are  four  cells,  this  process  of  division  going  on  so  that  there  is  devel- 
oped a number  of  smaller  cells,  out  of  which  the  embryo  is  formed.  By  this 
process  of  segmentation  the  original  fecundated  ovum  is  divided  up  into  a large 
number  of  smaller  rounded  bodies,  the  continued  division  and  the  consequent 
increase  of  cells  forming  the  basis  of  the  embryonic  development  and  of  tin* 
functional  development  of  the  embryo.  While  this  is  taking  place  the  ovum  is 
passing  along  the  Fallopian  tube,  and  goes  into  the  uterus.  At  the  center  of 
the  morula  some  fluid  is  collected,  pressing  down  the  cells  towards  the  periphery, 
forming  a sac-like  structure,  called  the  blastodermic  vesicle.  Some  of  the 
smaller  segmentary  cells  gather  together  at  one  of  the  vesicle  poles  called  the 
blastopore,  in  connection  with  which  an  elevation  is  formed,  in  which  there  is 
an  indentation,  the  convexity  being  internally.  At  this  point  there  is  a double 
layer  of  cells,  the  external  cells  being  the  largest.  Here  is  the  embryonic  area, 
in  connection  with  which  the  embryo  is  formed.  Those  cells  nearest  to  the 
zona  form  the  epiblast,  and  the  internal  cells  form  the  hypoblast. 
The  hypoblastic  cells  increase  quickly,  constituting  a la)?er  lining  the 
epiblast  chiefly,  near  to  the  embryonic  spot.  The  hypoblastic  cells  are  small. 
slightly  granular,  while  the  epiblastie  cells  are  larger  and  more  granular.  Around 
the  embryonic  spot  the  epiblast  gradually  increases,  the  epiblastie  cells  prolifer- 
ating in  the  formation  of  an  eminence.  Out  of  the  epiblast  there  is  developed 
an  intermediate  layer  of  cells  called  the  mesoblast.  Out  of  these  three  layers 
all  the  tissue  parts  of  the  embryo  are  developed.  The  blastodermic  vesicle  is 
infolded  in  cup  shape,  the  edges  showing  one  layer  within  another,  forming  an 
outer  epiblastie  and  an  inner  hypoblastic  layer,  and  the  cavity  between  the  two 
representing  the  original  segmentation  cavity,  or  the  primitive  intestine,  and 
its  opening  representing  the  original  blastopore,  or  embryonic  mouth.  In  con- 
nection with  the  embryonic  spot  there  is  a rapid  proliferation,  especially  in  con- 
nection with  the  periphery,  the  central  part  being  clearer  than  the  peripheral 
part.  In  the  central  area  there  is  formed  an  elongated  part,  which  becomes 
constricted  at  the  middle.  This  represents  the  primitive  plate,  in  the  center 
of  which  we  find  the  primitive  groove.  The  edges  of  this  groove  form  the 
medullary  folds,  in  connection  with  which  we  find  the  medullary  plates,  which 
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in  turn  form  the  neural  canal,  in  connection  with  which  we  have  the  develop- 
ment of  the  eerebro-spinal  system  and  the  special  sense  organs.  Out  of  the 
medullary  plate  are  developed  the  epidermal  structures,  including  the  glands, 
both  mucous  and  serous.  As  the  differentiation  proceeds  in  connection  with 
the  mesderm,  there  is  the  appearance  of  a rod-like  structure  below  the  neural 
canal.  Each  part  of  the  mesoderm  is  then  divided  into  two  logitudinal  plates, 
the  plate  that  is  next  to  the  central  structure  being  called  the  vertebral  plate, 
and  the  external  part  being  called  the  lateral  plate.  The  primitive  plate  is  then 
divided  transversely  in  the  formation  of  the  primitive  vertebrae,  out  of  which  are 
developed  the  different  parts  of  the  vertebrae,  the  differentiation  of  the  primitive 
vertebrae  forming  the  basis  of  the  original  muscle  development. 

In  connection  with  the  lateral  plates  we  find  a development  by  horizontal 
segmentation  of  two  plates,  an  external  and  an  internal,  the  former  representing 
the  parietal  mesoblastic  layer,  which  is  united  with  the  epiblast,  and  the  latter 
the  visceral  mesoblastic  layer,  which  is  united  with  the  hypoblast.  Close  to  the 
vertebrate  plates  is  found  a cavity  between  those  two  layers,  which  represents 
the  origin  of  the  pleural  and  peritoneal  cavities.  As  the  development  proceeds 
the  parietal  and  visceral  layers  of  the  mesoblast  are  divided  in  the  formation  of 
the  body  cavity,  the  former  layer  representing  the  body  walls,  and  the  latter 
layer  the  intestinal  canal.  There  is  a middle  plate,  which  is  found  at  the  point 
where  the  visceral  and  parietal  layers  of  the  mesoblast  come  together,  before 
they  are  distinctly  separated  in  the  formation  of  the  body  cavity;  in  the  area 
around  the  middle  plate,  the  vertebral  plate  and  the  epiblast,  we  find  the  Wolffian 
bodies,  which  represent  the  original  form  of  the  sexual  and  urinary  organs.  It 
is  from  the  mesoderm  that  the  blood-vessels  are  developed;  even  before  the  prim- 
itive appearance  of  the  vertebrae,  the  blood-vessels  are  found  in  cellular  cord 
form.  Out  of  the  visceral  layer  of  the  mesoblast  is  developed  the  heart,  which  at 
first  represents  a straight  rod,  and  then  afterwards  becomes  hollow  and  twisted. 
Out  of  the  upper  part  of  this  twisted  tube  two  aorta  arise,  which  unite  in  the 
formation  of  a single  vessel,  out  of  which  the  two  primitive  aortas  originate, 
each  aorta  giving  off  several  arteries,  in  connection  with  which  capillarity  is  de- 
veloped, and  the  venous  system,  which  is  attached  to  the  posterior  portion  of  the 
cardiac  tube.  In  connection  with  the  hypoblast  there  appears  the  intestinal  fur- 
row, which  is  developed  into  a tube,  as  the  margins  coalesce.  In  connection 
with  the  tubular  walls  we  find  the  connective  tissue,  and  the  vessels  developed 
from  the  visceral  layer  of  the  mesoblast,  the  intestinal  glands  being  derived 
from  the  hypoblast.  Very  soon  there  appears  an  opening  at  the  middle  of  this 
intestinal  tube,  which  is  associated  with  the  vitelline  duct,  in  connection  with 
which  nutrition  takes  place.  At  this  period  the  embryo  is  found  to  be  lying 
with  its  face  downward,  upon  the  vitellus,  the  body  cavity  and  the  intestinal 
cavity  being  opened. 

During  the  segmentation  process  in  the  Fallopian  tube  the  uterus  goes 
through  a change,  preparatory  to  the  reception  of  the  ovum,  these  changes  taking 
place  under  the  influences  arising  from  the  contact  of  the  ovum  with  the  walls 
of  the  tube.  The  uterus  is  enlarged,  the  mucous  and  the  muscular  coats  becom- 
ing thicker.  There  is  an  increased  blood  supply  to  the  walls,  as  well  as  an  in- 
creased supply  of  lymph.  The  mucous  coat  becomes  soft,  a number  of  large 
cells  being  developed,  called  the  decidual  cells,  these  remaining  and  not  falling 
away,  as  in  the  case  of  mestruation.  "When  the  ovum  enters  the  uterus  it.  be- 
comes attached  to  the  uterine  wall,  the  portion  of  the  mucous  coating  in  which 
it  is  embedded  being  called  the  decidual  serotina.  This  represents  the  future 


792 


the  reproductive  functions. 


placenta,  and  as  such  it  represents  the  most  important  part  of  the  uterine  wall 
1 he  contiguous  cells  increase,  and  by  increasing  they  surround  the  ovum  with 
a lavei  cailed  the  decidua  reflexa,  the  rest  cl'  the  uterine  mucous  membrane  be- 
ing called  the  decidua  vera.  Lying  between  the  vera  and  the  reflexa  we  find  the 
uterine  cavity.  The  reflexa,  from  being  thick,  becomes  thin,  and  approximates 
to  the  vera,  being  completely  merged  into  the  vera  after  the  sixtn  month  \s 
the  embryo  grows  the  vera  becomes  thinner.  The  ovum  is  nourished  in  connec- 
tion with  the  maternal  tissues,  and  in  its  later  periods  through  the  placenta  in 
development  cell  division  takes  place  very  actively,  the  vertebrate  characteristic 
being  developed  as  early  as  the  thirtieth  or  fortieth  day. 

The  embryo  is  encompassed  by  two  foetal  membranes,  the  amniotic  and 
the  chorionic,  or  false  amniotic.  Immediately  around  the  embryo  is  the  amnion 
a very  fine  and  non-vascular  membrane.  Later  it  is  separated  from  the  embryo’ 
although  m origin  it  is  closely  connected  with  the  embryo.  In  the  amniotic 
cavity  there  is  the  amniotic  fluid.  This  fluid  is  said  to  he  exuded  from  the  em- 
bryonic and  maternal  blood,  having  from  two  to  three  per  cent  of  solid  matter 
in  it,  .consisting  of  proteids,  mucin  and  salts.  It  surrounds  the  whole  of  the 
embryo,  sometimes  passing  into  the  foetal  stomach.  Its  functions  are- to  protect 
the  body,  preserve  the  normal  temperature  and  keep  the  body  moist;  it  is  also 
said  to  he  connected  with  nutrition  and  excretion,  on  account  of  the  presence 
m it  of  the  proteids  and  a small  quantity  of  urea.  The  chorion  is  formed  at  the 
same  time  as  the  amnion,  and  from  the  same  origin.  It  is  thick  and  very  vascu- 
lar, completely  encircling  the  amnion.  Lying  between  the  amnion  and  the 
chorion  is  tliG  unibilic&l  -cord,  and  the  chorionic  fluid.  As  the  amnion  enlarges 
the  cavity  is  destroyed,  the  amnion  disappearing.  On  the  external  surface %f 
the  chorion  are  villi  passing  out  into  the  decidua  reflexa  and  scrotum!  Gradu- 
ally these  villi  are  obliterated,  except  in  connection  with  the  scrotina,  forming 
a part  of  the  placenta.  The  allantois  develops  from  the  posterior  part,  when 
fully  developed,  communicating  with  the  intestines  by  means  of  the  urachus. 
In  connection  with  this  cavity  we  find  the  allantoic  fluid,  with  four  or  five  per 
cent  of  solids,  including  allantoin,  albumin,  urea  and  salts,  representing  the  em- 
bryonic excretion.  The  blood  vessels  of  the  chorion  come  from  the  allantois, 
forming  the  two  uniting  branches  of  the  two  umbilical  arteries  and  the  one 
umbilical  vein.  As  the  development  takes  place  the  chorion  and  the  reflexa 
unite;  the  reflexa  gradually  disappears,  the  chorion  being  left  as  the  frondosum. 
the  decidua  scrotina  forms  the  maternal  part  of  the  placenta,  the  foetal  portion 
being  the  chorion  frondosum,  the  two,  the  chorion  frondosum  and  the  decidua 
scrotina  forming  the  placenta. 

_ The  placenta  is  a disc-shaped  mass,  seven  to  eight  inches  in  diameter,  bound 
to  the  internal  uterine  wall,  usually  on  the  dorsal  side,  and  bound  1 >v  the  um- 
bilical cord  to  the  foetus.  The  scrotina  consists  of  modified  layers  of  mucous 
membrane,  the  uterine  arteries  and  veins  opening  into  the  sinuses.  It  has  not 
been  decided  whether  these  sinueses  are  maternal  or  foetal.  It  is  generally 
believed  that  these  sinuses  are  filled  with  blood.  The  chorion  sends  its  villi 
along  with  the  blood  vessels  into  the  scrotina,  so  that  these  branches  enter  into 
the  uterine  sinuses,  to  he  freely  bathed  in  the  blood  contained  within  them. 
Tn  this  way  a close  connection  is  established  between  the  foetus  and  ihc  mother, 
in  connection  with  circulation  and  respiration.  The  chief  part  of  the  placenta 
in  the  inter-villous  part,  which  is  associated  with  the  maternal  sinuses,  as  these 
are  permeated  by  the  villi  from  t he  foetus.  The  maternal  blood  is  conveyed  to 
the  sinuses  by  the  arteries,  and  it  is  carried  off  by  the  uterine  veins.  The  foetal 
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blood,  under  the  propelling  force  of  the  foetal  heart  is  driven  along  ' the  um- 
bilical cord  in  the  allantois  arteries,  and  on  to  the  capillaries  ot  the  mIIi,  ictuin 
in f bv  the  allantois  veins.  There  is  a diffusion  in  connection  with  the  maternal 
and  foetal  blood,  through  the  delicate  membrane  of  the  capillaries,  by  means  ot 
their  absorption,'  the  oxygen  and  nutrient  matters  being  passed  from  the  mother 
to  the  child,  and  the  waste  matter  from  the  child  being  passed  through  the 
membrane  to  the  mother.  Thus  the  placenta  acts  the  part  of  a nutritive  and 
excretive  organ,  in  connection  with  the  embryonic  life,  as  it  depends  upon  the 
maternal  life. 


SECTION  V. — Embryonic  Development  and  Nutrition. 

We  have  seen  that  the  embryo  has  been  formed  within  the  maternal  womb, 
in  which  it  is  retained  throughout  the  period  of  gestation.  There  is  an  intimate 
relation  established  between  the  mother  and  the  child  in  connection  with  respi- 
ration and  nutrition.  These  are  associated  with  the  development  of  the  foetus, 
and  also  uterine  changes  in  connection  with  tbe  mother.  It  has  been  supposed 
that  the  uterine  gland  supplies  nutriment  for  the  embryo.  The  embryo  un- 
doubtedly absorbs  nutriment  from  the  decidua  that  surrounds  it,  but  this  is  not 
sufficient  to  sustain  its  life.  There  is  a fundamental  difference  between  the  hu- 
man ovum  and  the  egg  of  a fowl,  based  upon  the  amount  of  food  that  is  asso- 
ciated with  them.  In  connection  with  the  egg,  it  is  discharged  entirely  from 
tbe  maternal  body  and  contains  within  it  the  food  that  is  necessary  for  the 
developing  embryo.  In  the  progress  of  evolution  the  human  mother  retains 
the  embryo  within  the  body  during  tbe  period  of  embryonic  life,  giving  to  tbe 
embryo,  as  necessity  requires,  its  nourishment.  When  we  find  the  ovum  in  con- 
nection with  the  ovary,  there  is  only  sufficient  nutriment  associated  with  the 
deutoplasm  to  carry  on  the  functions  of  nutrition  during  the  early  period  of  seg- 
mentation. Inside  the  Fallopian  tubes  there  is  a continuous  absorption  process 
oroinsr  on  in  connection  with  the  walls  of  the  tube.  When  the  ovum  is  in  the 
uterus  the  segmented  ovum  is  nourished  in  connenction  witht  tbe  surrounding 
cell.  This  forms  the  basis  of  the  theory  that  the  uterine  glands,  on  account  of 
their  enlargement  during  gestation,  are  engaged  in  furnishing  nutrition  to  the 
embryo.  It  is  more  natural  to  suppose  that  the  embryo  absorbs  nutriment  in 
connection  with  the  extremely  vascular  decidual  tissue.  Even  this  very  soon 
is  insufficient  to  account  for  the  increased  growth  in  connection  with  the  embry- 
onic development;  hence,  to  provide  for  this  increased  demand  for  embryonic 
nutrition,  we  find  tbe  early  development  of  the  chorion  and  the  villi,  in  con- 
nection with  tbe  placenta  and  the  vascular  system  of  the  embryo.  It  lias  been 
found  that  before  tbe  embryo  is  fourteen  days  old  there  is  the  well-marked  ap- 
pearance of  tbe  villi  in  connection  with  the  equatorial  zone.  After  this  period 
in  the  embryonic  life  tbe  chorion,  as  it  becomes  a part  of  the  placenta,  plays  a 
very  important  part  in  the  nutrition  of  the  embryo.  In  this  way  the  placenta 
represents  the  special  medium,  in  connection  with  which  embryonic  nutrition 
takes  place.  During  tbe  development  of  the  ovum  some  of  the  cells  which 
originate  from  the  primitive  cell  form  the  embryo,  while  others  form  embryonic 
appendages,  in  connection  with  the  amnion  and  the  chorion.  The  chorion  is 
in  close  contact  with  the  dicidua.  and  as  it  develops,  villi  branch  off,  these  villi 
being  embedded  in  the  decidual  surface.  The  chorion  originally  has  no  blood 
vessels,  but  later  we  find  the  development  of  the  allantois,  in  connection  with 
the  embryonic  intestinal  canal.  In  this  development  we  find  two  arteries,  the 
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tlio  two  veins,  and  finally  to  a single  vein  the  nmbilil  -d v™  " ‘ldl  ,t1paHSe"  <0 
the  umbilical  artery  Oriainillv  nil  ti,  ,’ar  1 ca  nv<.:  n>  PasB,n&  along  with 

tati"  the  progrosi  of  ^ l'  .i^itofd  U^hc"'] 

m connection  with  the  decidua  serotihn  M +),- 1 1 i ,?  1 CV  to  the  chorion, 

di  nica  Tn  erchnSeS'  w**  U1  S16  matured  Pla<*»ta  there  is  not  only  a purely  ine- 
anieal  interchange  between  the  maternal  and  the  foetal  blood  hm  J n „ ‘ 

Ss.ae“”>  “ «“»««•»  *»<•  the  epithelial  cells 
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r cous  membrane,  associated  with  the  altered  uterus,  is  thrown  off-  In  the 
cm  aryonic  development  the  organism  demands  food.  So  long  as  the  alimentarv 

yf  10  embqry°  Is  ’I1  an  ]mmatllre  condition  the  food  must  be  in  a digested 
old  ion,,  m 0V(jQr  to  he  capable  of  rapid  absorption.  Oxygen  must  also  be 
supphed,  but  not  m connection  with  lung  respiration,  because  the  lung  is  in  a 
collapsed  condition  C02  must  be  eliminated,  and  this  must  take  place  thromdi 

tian  The  excretory  organs  are  as  yet  inactive. 

thf  kJdneys  and  the  skm  not  being  active,  either  at  all,  or  only  to  a very  slight 
extent,  during  the  foetal  life.  The  processes  of  interchange  require  to  take 
place,  and  all  the  interchanges,  therefore,  take  place  in  connection  with  the  pla- 
ceina,  the  embryonic  blood  being  brought  to  it,  including  the  venous  blood 
that  lias  been  directly  circulated  through  the  arterial  svstem.  To  the  placenta 
there  is  brought  a mixed  blood,  including  the  venous  blood,  which  contains  the 
waste  of  the  body  and  the  blood  that  has  been  purified,  in  connection  with  its 
passage  through  the  ductus  venosus,  inferior  vena  cava,  the  right  auricle,  the 
foi amen  ovale  and  the  left  side  of  the  heart,  in  connection  with  the  aorta  and 
the  umbilical  arteries.  From  the  maternal  side  there  is  brought  to  the  placenta 
arterial  blood,  charged  with  oxygen  and  with  nutriment.  Thus  the  maternal 
and  the  foetal  blood  are  brought  together,  separated  by  a delicate  membrane, 
absorption  taking  place  between  the  maternal  and  the  foetal  vessels.  The  arte- 
riahzed  blood  is  carried  back  to  the  foetal  liver  and  heart,  with  its  supply  of 
nutriment  and  oxygen;  and  the  waste  blood  of  the  foetus  is  carried  back  to  the 
maternal  excretory  organs.  In  this  way  the  placenta  represents  the  medium  of 
absorption  between  the  embryonic  cells  and  the  alimentary  and  secretory,  as 
well  as  excretory  organs  of  the  mother.  Tn  this  way  the  alimentation  of  the 
child  is  carried  on  by  the  mother,  absorption  carrying  the  alimentation  princi- 
ples info  the  foetus,  so  as  to  prepare  for  the  metabolic  processes  that  are  carried 
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on  within  the  foetal  body.  In  connection  with  the  placental  process  there  is 
not  only  a simple  diffusion  and  filtration  process,  but  in  addition,  a secretory  pro- 
cess in  connection  with  the  intervening  cells.  It  is  true  that  the  process  is  large  ) 
one' of  absorption,  but  this  does  not  exclude  a true  nutritive  secretion  m con- 
nection with  the  placental  processes. 

The  embryonic  heart  is  found  to  consist  of  a beating  sinus  venosus  and 
bulbus  arteriosus,  both  in  communication  with  the  ventricle.  1 heie  is  a septum  in 
connection  with  the  ventricle,  and  the  sinus  venosus  separating  both  into  two 
parts,  the  right  auricle  communicating  with  the  left,  through  the  foramen  ovale. 
We  next  find  the  formation  of  the  aorta  and  the  pulmonary  artery,  with  a branch 
between  them,  the  ductus  arteriosus.  As  the  foetus  becomes  matured  the  fluid, 
which  comes  from  the  placenta  through  the  umbilical  vein,  passes  to  the  vena 
cava  through  the  ductus  venosus,  while  part  of  it  passes  through  two  channels 
that  are  in  communication  with  the  portal  vein,  passing  the  blood  from  the 
intestines  into  the  liver,  from  which  it  passes  to  the  vena  cava,  through  the 
hepatic  vein.  When  the  blood  has  passed  through  the  placenta  and  the  liver, 
and  is  found  in  the  vena  cava,  it  is  purely  arterial,  but  very  soon  it  is  mixed 
with  the  venous  blood  coming  back  from  the  body,  and  thus  ceases  to  be  arterial 
before  it  returns  to  the  heart.  In  passing  to  the  right  auricle  it  is  mixed  with 
the  venous  blood  coming  from  the  head  and  the  upper  extremities  of  the  body 
through  the  descending  vena  cava,  but  this  mixture  is  prevented  by  the  Eusta- 
chian valve,  which  passes  the  arterial  blood  into  the  left  heart,  through  the  fora- 
men ovale,  at  the  same  time  passing  venous  blood  into  the  right  ventricle.  As 
the  ventricles  contract,  the  arterial  blood  that  is  found  in  the  left  ventricle  is 
thrown  into  the  ascending  aorta,  and  furnishes  blood  to  the  head  and  the  upper 
part  of  the  body;  the  venous  blood  of  the  right  ventricle  is  then  driven  into 
the  pulmonary  artery,  passing  through  the  ductus  arteriosus  into  the  descending 
aorta,  where  it  is  mixed  with  the  arterial  blood,  supplying  the  trunk  and  the 
lower  parts  of  the  body  with  a mixed  blood.  Part  of  this  blood  is  carried  hack 
by  the  umbilical  arteries  to  the  placenta,  where  it  is  purified,  and  from  which 
it  returns  in  its  purified  condition.  In  connection  with  this  foetal  blood  circu- 
lation the  head  and  the  upper  parts  of  the  body  are  furnished  with  pure  arterial 
blood,  as  it  comes  direct  from  the  placenta,  while  the  body  trunk  and  the  lower 
extremity  receive  a mixed  blood.  This  is  said  to  be  the  reason  for  the  increased 
development  of  the  head  and  the  upper  extremities,  representing  an  increased 
size.  At  and  after  birth  the  foetal  circulation  beemes  considerably  modified. 
When  the  lungs  cease  to  be  collapsed  and  become  distended,  in  connection  with 
respiration,  part  of  the  blood  of  the  pulmonary  artery  passes  into  the  lungs,  in 
order,  to  be  oxygenated,  and  as  the  lungs  become  more  active,  the  amount  of 
blood  that  enters  into  the  lungs  increases,  with  the  result  that  the  ductus  arterio- 
sus ultimately  disappears.  Accompanying  this  is  the  closure  of  the  foramen  ovale, 
in  connection  with  a valvular  fold,  so  that  the  direct  connection  between  the  two 
auricles  is  removed.  After  these  modifications  have  taken  place  we  have  the 
change  in  the  blood  circulation  from  that  of  the  cold-blooded  to  the  warm- 
blooded animal  condition,  all  the  venous  blood  which  has  returned  to  the  right 
side  of  the  heart  passing  through  the  lungs  before  returning  to  the  left 
side  of  the  heart,  in  order  to  be  oxygenated  and  then  transmitted  through  the 
arterial  system.  After  birth,  there  is  a disappearance  of  the  umbilical  arteries, 
at  least  in  the  umbilical  function,  part  of  them  becoming  the  superior  vesicle 
arteries  and  part  the  ligaments  of  the  bladder.  The  umbilical  vein  is  changed 
into  the  ligamentum  teres. 
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The  amount  of  food  required  by  the  embryo  is  originally  very  small  but  it 
increases  w.tli  the  embryonic  development.  The  same  thing  is 

^en  Hence  we  find  that  the  simple  means  of  nourishment  and  respiration 
found  by  the  contact  of  the  cells  in  the  uterine  mucous  membrane,  givr*  place  to 

ve7«SCl'  iar  n"anS®ment®  ol, the  l3,acent{b  in  connection  with  whielfthe  embryo 
es  and  breathes  through  the  mother.  From- the  earliest  period  of  embryonic 
existence  the  placental  blood  circulation  represents  the  only  means  of -nutri- 
tion. In  the  early  embryonic  life  the  amount  of  blood  found  in  the  embryonic 
issue  !s  very  small,  while  a large  amount  is  found  in  the  placenta:  later  tile  em- 

ST.^r,kef  U'P  a +lrg+7  anl°'int  °f  the  bloot1’  on]3r  a very  small  part  being  found 
connection  with  the  placenta.  As  these  changes  take  place  the  cellular  ele- 
ments of  the  placenta  pass  through  important  modifications.  The  foetal  heart 
begins  to  beat  and  its  rapid  pulsations  force  the  foetal  blood  along  the  urnbil- 
ical  aitery  to  the  chorion  capillaries,  being  returned  in  connection  with  the  umbil- 
ical vein.  It  is  found  by  experiments  upon  some  of  the  lower  animals  that  there 
is  a considerable  blood  pressure  in  the  umbilical  artery,  and  also  in  the  umbilical 
vein,  m the  former  case  from  forty  to  sixty  mm.  of  Hg.,  and  in  the  latter  case 
fiom  twenty  to  thirty  mm.  of  Ilg.  This  represents  a greater  pressure  than  the 
venous  pressure  m the  maternal  vein.  Hence  the  difference  between  the  arte- 
rial and  venous  pressure  is  less  than  in  the  maternal.  Accompannying  this  the 
blood  flow  is  slower.  The  number  of  red  corpuscles  in  the  foetal  'blood  is  less 
than  m the  maternal  blood,  although  the  red  corpuscles  are  gradually  becoming 
more  numerous.  It  is  found  that  between  the  umbilical  arteries  and  the  um- 
bilical vein  there  is  very  little  difference  in  the  color  of  the  blood,  with  this  ex- 
ception, that  the  blood  of  the  vein  is  of  a brighter  color,  usually,  than  that  of 
the  arteries.  The  blood  in  the  vein  has  more  oxygen  and  lessCo2  than  thaf 
of  the  arteries.  Hence  the  umbilical  vein  contains  arterial  blood  and  the  um- 
bilical arteries  venous  blood.  The  arterial  blood  in  the  foetus  has  less  oxvgen 
than  that  of  the  mother.  This  does  not  depend  on  the  amount  of  haemoglo- 
bin, because  there  is  not  complete  saturation  of  the  haemoglobin  with  oxygen. 
Hie  maternal  blood  passes  to  the  placenta  sinuses  through  arteries  that  open 
directly  into  the  sinuses.  Hence,  although  the  blood  that  passes  from  the 
sinuses  to  the  uterine  Aeins  is  venous,  yet  the  blood  found  in  the  sinuses,  in  con- 
nection with  the  a illi  capillaries,  is  arterial,  rather  than  Aenous,  having  more 
oxygen  and  less  C02  than  the  foetal  blood,  that  reaches  the  placenta  through 
the  umbilical  arteries.  As  the  uterine  arteries  are  narroAV  and  open  into  the 
wide  sinuses  of  the  placenta,  the  sinus  Aoav  is  sIoav.  In  the  foetal  blood  vessels 
the  blood  flow  is  also  slow,  giving  sufficient  time  for  the  interchange  of  gases. 

1 his  interchange  takes  place  largely,  if  not  altogether,  by  diffusion,  the  inter- 
change depending  upon  the  amount  of  the  gases  found  in  the  maternal  and  in 
the  foetal  blood. 

The  foetal  breathing  thus  takes  place  through  or  in  connection  Avith  the 
maternal  blood.  Asphyxiation  of  the  foetus  may  take  place  in  one  of  two  wavs- 
either  by  an  interruption  of  the  foetal  blood  floAv  to  the  placenta,  as  lnr  ligature, 
or  obstruction  of  the  cord;  or  by  an  interruption  of  the  maternal  circulation,  or 
by  the  absence  of  oxygen  in  the  maternal  blood.  In  the  asphyxiation  of  the 
mother  the  foetus  is  also  asphyxiated,  on  account  of  the  absence  of  oxA'gen.  Xot 
only  does  foetal  respiration  take  place  through  the  placenta,  but  also  nutrition 
and  excretion.  The  blood  that  passes  along  the  umbilical  vein  is  not  only  laden 
Avith  oxygen,  but  also  Avith  nutriment.  The  embryonic  nutrition  takes  place 
under  the  special  conditions  involved  in  the  encasement  of  the  embrvo  in  the 
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double  membraneous  sac  of  the  amnion  and  the  chorion.  Between  these  two 
we  find  a space  in  connection  with  which  the  development  of  the  allantois  takes 
place,  in  connection  with  the  formation  of  the  placenta.  With  the  increase  in 
the  fluid  in  the  inner  sac,  without  any  increase  in  the  fluid  between  the  two 
sacs,  the  amnion  becomes  merged  in  the  chorion  after  the  placenta  is  developed. 
The  entire  internal  surface  of  the  uterus  is  lined  with  a membrane,  which  is 
composed  of  the  amnion  and  chorion,  inside  of  which  we  find  the  amniotic  fluid. 
In  the  placental  part  of  the  uterus  this  amniotic  fluid  is  brought  into  close  con- 
nection with  the  foetal  and  maternal  circulation,  the  maternal  circuluation  be- 
ing separated  from  it  only  by  a delicate  wall  and  a membrane.  The  fluid  is  also 
in  close  connection  with  the  blood  vessels  of  the  decidua,  and  in  the  later  em- 
bryonic life,  with  the  blood  vessels  of  the  mucous  membrane  of  the  uterus. 
This  implies  the  possibility  of  transudiation  from  the  maternal  blood  into  the 
amniotic  fluid  of  certain  substances  in  addition  to  water.  Hence  the  amniotic 
fluid,  at  least  in  the  later  stages  of  the  foetal  life,  is  cjerived  from  the  mother, 
as  Avell  as  the  foetus.  The  mouth,  the  nasal  passages  and  the  anus  of  the  foetus 
open  into  this  amniotic  space,  into  which  there  is  the  excretion  of  whatever  is 
given  off  from  the  foetus,  including  the  meconium  from  the  alimentary  canal. 
In  the  foetal  nutrition  the  same  substances,  essentially,  are  utilized  as  those 
found  iu  connection  with  the  adult  nutrition.  In  the  passage  of  such  substances 
as  proteids,  carbohydrates,  fats  and  salts,  we  have  a diffusion  process,  but  we  must 
also  take  account  of  the  fact  that  the  physical  laws  of  diffusion  and  filtration 
cannot  account  for  this  process;  we  must  take  account  of  the  vital  action  of  the 
membranes.  There  is  evidence  that  substances  which  are  diffusible  can  pass 
Aery  easily  from  the  foetus  to  the  mother,  and  vice  versa,  as  in  the  case  of  in- 
jection of  strychnine,  either  into  the  mother  or  into  the  foetus,  it  may  pro- 
duce the  death  of  both.  It  is  undoubted  that  water  and  certain  substances  in 
solution  in  the  water  pass  from  the  maternal  blood  to  the  foetal  blood.  Yet 
we  must  take  account  of  the  fact  that  the  specific  gravity  of  the  foetal  blood 
is  above  that  of  the  maternal  blood,  and  that  if  the  diffusion  process  alone  was 
to  bp  taken  account  of,  there  would  be  equalization  of  the  specific  gravity.  The 
probability  is  that  the  epithelial  placental  cells,  including  the  villi  and  decidual 
cells,  play  an  important  part  in  the  process  of  transudation,  and  that  this  repre- 
sents a secretory  process.  r 

In  regard  to  the  changes  that  take  place  in  the  proteids  and  peptones,  as 
well  as  the  fats  and  carbohydrates,  there  is  very  little  evidence.  It  is  claimed 
tha  the  mother  does  not  furnish  fat  to  the  foetus  in  the  fat  form.  Glycogen 
has  been  found  m connection  with  the  placenta,  and  it  is  claimed,  in  connection 
with  this  and  some  other  substances,  that  the  placenta  exercises  an  influence 
analogous  to  the  action  of  the  hepatic  cells,  in  connection  with  the  substances 
ha  are  passed  from  the  mother  to  the  foetus.  In  addition  to  this,  it  is  claimed 
that  the  placenta  exercises  a secretory,  metabolic  action,  analogous  to  that  ner- 
orined  by  the  mammary  glands.  In  this  way  the  placenta  is  supposed  to  discharge 
functions  in  connection  with  the  foetal  nutrition  corresponding  with  the  alimem 
ary  canal  the  liver  and  (lie  mammary  glands.  The  embryonic  tissues  are  found  to 

•dh  nl  5 ’V  T ™P’  we  fi,u1  differentiated  elements  in  connection 

. ' undifferentiated  substance.  This  seems  to  indicate  that  a metabolic 

J.  eW5  ls  V;",1-  on'  ; "-'o  H,e  differentiation  becomes  more  complete,  the  foetal 

o ;V’V7f ' ° 0f  8tori"S  "I’  it-'  «•*.  certain  sol, stanch  Tlonce 

c find  m the  foetal  tissues,  very  early  m the  embryonic  life,  a storage  of  gly- 
ooKen,  the  glycogen  forming  a large  part  of  the  foetal  substake  ami  indicating 
4 
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the  organ's  in  which  differentiation  takes  place.  During  the  first  five  months 
of  the  intra-nterine  life  this  glycogen  storage  is  largely  found  in  connection 
with  the  muscles;  after  this  the  glycogen  storage  takes  place  in  connection  with 
the  liver.  This  represents  the  close  of  what  is  called  the  period  of  histological 
differentiation;  after  this  the  glycogen  is  stored  and  utilized  very  much  in  the 
same  way  as  we  find  it  in  the  adult  life.  It  is  almost  impossible  to  trace  out  the 
development  of  embryonic  functional  differentiation.  On  the  analogy  of  some 
of  the  lower  animals,  as  in  the  case  of  the  chicken,  muscular  contractility  seems 
to  be  developed  very  soon,  and  there  is  a heart  pulsation,  even  before  the  devel- 
opment of  the  blood  corpuscles.  It  is  claimed  that  foetal  movements  are  found 
about  the  end  of  the  fourth  month.  Some  claim  that  foetal  movements  are 
found  before  this  period,  but  these  are  of  a reflex  character.  The  charaeteri.-tie. 
automatic  movements  are  found  after  the  sixteenth  week,  including  the  move- 
ments of  the  limbs,  even  before  the  brain  has  been  developed.  In  regard  to  the 
digestive  functions  the  development  of  the  gastric  actions  does  not  seem  to  take 
place  until  late  in  the  uterine  life.  It  is  claimed  by  some  that  after  the  fourth 
month  there  is  a gastric  secretion,  but  it  cannot  be  proved  that  such  a secretion 
truly  takes  place  during  the  intra-nterine  life  The  liver  functions  are  found 
to  be  early  developed- — after  the  twelfth  week  the  bile,  salts  and  pigment  being 
found  in  connection  with  the  intestinal  canal.  The  bile  secretion  is  found  t<> 
accumulate  in  the  intestinal  canal,  together  with  some  of  the  broken-up  epithe- 
lial cells,  passing  into  the  rectum  and  forming  the  meconium.  In  the  formation 
of  bile  we  have  the  indication  of  the  beginning  of  foetal  metabolism,  and  also 
the  excretory  action  of  the  liver,  as  well  as  of  the  kidney.  The  kidney  secretion 
is  found  in  connection  with  the  amniotic  fluid  at  an  early  period  in  the  foetal 
development,  urea  being  found  before  any  foetal  kidney  secretion  takes  places, 
possibly  being  derived  from  maternal  origin.  It  is  certain  that  as  early  as  the 
seventh  month  urine  containing  urea  is  found  in  the  foetal  bladder.  We  have 
no  evidence  of  any  sweat  secretion  in  connection  with  uterine  life,  and  if  any 
such  secretion  does  take  place,  it  takes  place  in  connection  with  the  discharge 
of  solid  subustanccs.  As  the  embryonic  life  approaches  to  its  close  the  different 
kinds  of  blood  become  mixed  in  the  right  auricle,  as  a preparation  for  the  after- 
birth changes. 

During  the  entire  embryonic  life  the  oxygen  found  in  the  blood,  as  it  passes 
to  the  brain,  prevents  any  inspiration  from  originating  in  connection  with  the 
medullary  respiratory  center.  Hence  the  supply  of  oxygen  is  never  exhausted 
to  such  an  extent  as  "to  stimulate  the  respiratory  centers.  As  soon  as  there  is  an 
interruption  of  the  maternal  and  foetal  relations  by  the  separation  of  the  pla- 
centa or  by  the  cutting  of  the  umbilical  cord,  or  by  the  maternal  death,  the  um- 
bilical blood  is  no  longer  supplied  with  oxygen  from  the  maternal  blood,  with 
the  result  that  the  oxygen  supply,  in  connection  with  the  respiratory  center,  is 
diminished  to  such  an  extent  as  to  generate  impulses  from  the  respiratory  center, 
and  thus  stimulate  the  first  inspiration.  The  stimulation  of  the  respiratory 
center  is  assisted  by  impulses  passing  to  the  center  irom  the  periphery,  as  in 
connection  with  the  exposure  of  the  body.  If  respiration  is  retarded  it  may  be 
stimulated  by  the  dashing  of  cold  water' upon  the  face  and  the  removal  of  the 
obstruction  of  mucus  in  the  nasal  passages.  At  the  first  inspiration,  in  con- 
nection witht  the  free  entrance  of  air  into  the  lungs,  the  lung  inflation  taker- 
place,  and  the  blood  supply,  which  was  passing  from  the  right  ventricle  along 
the  pulmonary  artery,  is  returned  to  the  left  ventricle,  more  richly  supplied  uiin 
oxygen  than  during  the  foetal  life.  As  the  thorax  is  expanded,  the  resistance,  in 
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connection  with  the  pulmonary  circulation,  is  diminished,  with  the  result  that 
a larger  blood  supply  is  passed  into  the  pulmonary  artery,  rather  than  to  the 
ductus  arteriosus,  so  that  as  the  continued  respiratory  movements  take  place  in 
succession,  there  is  the  diminution,  gradually,  of  the  blood  that  passes  along 
the  ductus  arteriosus,  with  the  result  that  the  channel  is  entirely  closed.  At 
the  same  time  a larger  amount  of  blood  is  returned  from  the  pulmonary  vein 
to  the-  left  auricle,  the  current  through  the  ductus  venosus  from  the  umbilical 
vein  ceasing,  and  the  flow  from  the  inferior  vena  cava  being  diminished;  as  the 
blood  of  the  right  auricle  finds  little  resistance  towards  the  ventricle  which  dis- 
charges its  contents  into  the  pulmonary  artery,  and  finding,  at  the  same  time, 
an  obstacle  to  its  passing  through  the  foramen  ovale,  it  ceases  to  flow  along  that 
channel,  with  the  result  that  the  foramen  ovale  is  also  closed,  and  there  is  a com- 
plete separation  of  the  two  auricles. 


SECTION  VI.— Parturition. 

In  connection  with  the  development  of  the  embryo,  changes  take  place  in 
the  body  of  the  mother.  The  entire  body,  including  all  its  organs,  is  subject 
to  such  changes,  including  functional  changes,  but  it  is  in  the  uterus  that  the 
principal  changes  take  place.  It  is  very  difficult  to  trace  out  these  variations 
and  to  mark  the  point  where  the  normal  condition  is  changed  into  the  pregnant 
condition.  The  cervix  uteri  becomes  enlarged,  the  walls  being  hypertrophied, 
and  secretion  of  the  glands  produces  the  mucus  that  closes  the  cervical  passage' 
The  other  organs  of  reproduction  are  also  more  or  less  involved  in  a hyperaemic 
condition.  The  vaginal  walls  are  covered  with  a serous  secretion.  The  vulvar 
regions  become  swollen.  Associated  with  these  interchanges,  from  the.  eighth 
week  onward,  the  mammary  glands  begin  to  develop,  in  connection  with  the 
secretion  of  milk.  The  mammary  glands,  during  the  pregnant  condition,  are 
found  to  consist  of  a number  of  acinous  glands,  closely  connected  together  by 
connective  tissue  in  the  formation  of  a glandular  organ.  ' In  connection  with  each 
gland  we  find  a duct  that  opens  into  the  nipple,  each  duct  having  a fusiform 
enlargement,  representing  the  milk  sac.  After  the  cessation  of  lactation  there 
is  an  increase  of  connective  tissue,  the  mammary  gland  in  children  consisting 
of  connective  tissue,  surrounding  small  gland  ducts,  with  bulbous  extremities. 
The  nipple  cuticle  is  very  strongly  pigmented,  smooth  muscle  fibres,  encircling 
tbe  orifice  of  the  ducts  and  passing  to  the  top  of  the  nipple.  The  milk  secreted 
before  and  shortly  after  parturition  is  characterized  by  colostral  corpuscles,  con- 
sisting of  large  cells  filled  with  fatty  particles.  The  globules  of  the  milk  are 
formed  in  connection  with  the  epithelial  gland  cells,  the  particles  being  driven 
into  the  gland  lumen,  and  escaping  from  the  cell,  the  cell  being  preserved  in 
the  formation  of  further  secretion.  Associated  with  the  uterine  changes  in- 
volving enlargement,  are  abdominal  changes,  often  involving  functional  abdom- 
inal derangements,  including  the  visceral  and  urinary  organs.  Other  changes 
are  also  associated  with  these.  The  amount  of  nutrition  necessary  to  sustain  The 
mother  and  child  increases  the  amount  of  work  done  by  the  alimentary  system 
with  the  result  that  there  is  an  increase  in  the  amount  of  blood  and  also' the  vari- 
ation m its  composition.  According  to  some,  in  the  earlv  stages  the  blood  seems 
to  be  watery  having  fewer  red  blood  corpuscles,  with  a smaller  amount  of  hamae- 
f 0 >m-  [ri  Inter  stages  the  number  of  red  corpuscles  and  the  amount  of  the 
haemoglobin  are  increased.  The  heart  action  is  also  increased,  some  claiming 
that  there  is  an  increase  m the  rapidity  of  tbe  heart  pulsation,  and  that  the  loft 


8U0 


PARTURITION. 


ventricle  becomes  enlarged.  The  action  of  the  liver  and  of  the  kidneys  also  be- 
comes greater.  Associated  with  these  there  is  a nervous  condition  of  irritability, 
sometimes  involving  mental  depression  and  excitement. 

In  the  human  subject  the  period  of  gestation  is  commonly  regarded  as  280 
days  from  the  period  of  fecundation.  The  beginning  of  gestation  is  marked  b\ 
the  union  of  the  spermatozoon  and  the  ovum,  but  this  is  often  unknown,  arti- 
ficial means  being  employed  to  estimate  the  period.  Reckoning  is  often  made 
from  the  time  of  the  suspension  of  the  menstruation,  the  calculation  being  made 
from  the  first  day  of  the  last  menstruation.  One  of  the  most  characteristic 
signs  of  pregnancy  is  the  suspension  of  menstruation,  and  this  has  been  regarded 
as  the  proof  of  the  fact  that  ovulation  and  menstruation  are  closely  connected. 
Some  claim  that  the  length  of  the  period  of  gestation  depends  upon  natural 
selection.  This,  however,  overlooks  the  fact  that  physiological  causes  are  to  be 
found  at  the  basis  of  parturition.  Among  the  causes  which  have  been  associated 
with  the  termination  of  the  period  of  gestation  are  pressure  in  connection  with 
the  uterine  tissues,  the  cervical  ganglia  and  contiguous  nerves,  this  pressure 
taking  place  in  connection  with  the  foetus  and  the  walls  of  the  pelvis.  Among 
others  it  is  claimed  that  the  tension  of  the  uterine  walls  and  the  fatty  degenera- 
tion of  the  decidua,  as  well  as  the  venous  nature  of  the  foetal  blood,  stimulate 
the  placenta  and  produce  a hyperfunctional  condition  of  irritability  in  connec- 
tion with  the  nervous  supply  of  the  uterus.  It  is  most  probable  that  different 
causes  act  in  different  cases,  some  irritation  arising  in  connection  with  the 
uterus.  It  is  most  generally  stated  that  the  stimulating  cause  of  parturition  is 
the  fatty  degeneration  of  the  decidua.  There  is,  however,  also  an  irritation  of  the 
uterine  nerves,  resulting  in  spasmodic  actions  of  the  uterine  muscle  coatings.  By 
the  strong  contraction  of  the  muscle  walls  of  the  uterus  the  uterine  orifice  is 
opened,  with  the  result  that  the  embryo  is  thrown  into  the  cervical  canal,  the 
vagina  and  the  uterus  forming  one  continuous  cavity.  By  the  rupture  of  the 
membrane  there  is  the  outflow  of  the  amniotic  fluid.  The  foetal  expulsion  takes 
place  under  the  action  of  the  contractile  energy  of  the  uterine  walls,  assisted  by 
the  abdominal  muscles. 

By  parturition  is  meant  the  expulsion  of  the  developed  embryo,  along  with 
the  attached  membranes  and  the  placenta,  from  the  maternal  body.  It  takes 
place  by  the  contraction  of  the  muscles  in  the  upper  part  of  the  uterus  and  the 
contraction  of  the  muscles  of  the  abdominal  wall.  The  lower  part  of  the  uterus, 
the  cervix,  the  vagina  and  the  vulva  are  largely  inactive  in  the  parturition  pro- 
cess. During  parturition  there  are  said  to  be  three  characteristic  stages  repre- 
senting the  three  labor  periods.  (1)  During  the  first  stage  we  find  the  disten- 
sion of  the  os  uteri.  Towards  the  latter  period  of  pregnancy  tlm  uterine  walls 
are  contracted  rhythmically.  As  the  first  stage  of  parturition  approaches  these 
contractions  become  more  frequent,  more  intense,  and  associated  with  pain. 
These  contractions  are  limited  to  the  upper  part  of  the  uterus  and  its  attach- 
ments, and  they  are  peristaltic  in  their  nature.  They  are  not  regularly  rhythmi- 
cal. and  if  rhythmical  they  arc  irregular.  During  the  first  part  of  the  parturition 
period  the  contraction  gradually  becomes  more  intense,  the  contractions  lasting 
about  one  minute,  followed  by  a pause  nf  equal,  and  in  some  cases,  greater  length. 
Only  partial  relaxation  takes  place  during  the  resting  period,  with  the  result 
that  there  is  a tonic  condition  of  contraction  in  connection  with  the  muscles. 
Thus  there  is  usually  a contraction,  followed  by  a brief  pause,  before  another 
contraction  takes  place.  Accompanying  these  contractions  there  is  local  uterine 
pain,  which  is  gradually  extended  to  the  abdomen  and  the  lower  extremities. 


PARTURITION. 


801 


These  pains  are  due  "to  the  stimulation  of  the  sensory  nerves  of  the  uterus,  aris- 
ing from  some  kind  of  pressure.  As  this  contraction  increases  in  intensity,  one 
peristaltic  wave  after  another  becoming  stronger,  the  uterus  becomes  narrower 
and  elongated,  with  the  result  that  the  contents  are  pressed  downwards  towards 
the  cervix,  the  embryonic  head  being  preceded  by  a membranous  portion,  tilled 
with  fluid,  the  membrane  being  ruptured  and  the  amniotic  fluid  escaping.  (2) 
Following  the  escape  of  the  fluid  the  uterine  contractions  generally  cease  for  a 
time.  After  a short  time  they  again  begin  with  greater  force,  being  accompa- 
nied by  the  contraction  of  the  abdominal  muscles.  This  results  in  the  compres- 
sion of  the  abdomen  and  an  increase  in  the  pressure  in  the  uterus.  Each  inspi- 
ration contracts  the  abdominal  cavity,  brings  pressure  to  bear  on  the  abdominal 
organs  and  thus  increases  the  uterine  pressure.  At  this  stage  the  contractile 
energy  is  brought  to  bear  upon  the  head  of  the  embryo,  which  is  found  in  the 
cervical  canal.  By  these  contractions  it  is  gradually  pressed  into  the  vagina,  the 
rest  of  the  body  following  under  the  action  of  the  same  contraction.  The  con- 
tractions increase  in  intensity,  and  at  the  same  time  there  is  an.  increase  in  the 
painful  sensations,  these  being  greatly  increased  when  the  embryo  reaches  the 
vulva.  The  muscles  of  the  uterus  and  abdomen  are  normally  sufficient  to  expel 
the  child  and  to  overcome  the  resistance  presented  by  the  walls  of  the  passage 
tb rough  which  the  embryo  is  passed.  The  vaginal  muscles  are  not  actively  en- 
gaged in  the  act  of  expulsion.  (3)  As  the  expulsion  of  the  child  takes  place  the 
placenta  is  separated  from  the  uterine  wall,  in  connection  with  a rupture  of  the 
tissue  that  is  loosened  after  the  pressure  has  been  released,  the  placenta  being 
still  connected  with  the  child  by  means  of  the  umbilical  cord.  The  muscular 
contractions  continue  until  the  placenta  is  ejected.  Associated  with  this  stage 
we  find  that  there  is  hemorrhage,  due  to  the  injuring  of  the  passages  and  the 
rupture  of  the  vessels  following  the  separation  of  the  placental  attachment;  after 
this  the  uterus  becomes  compressed  and  arrests  the  hemorrhage. 

These  uterine  contractions  are  partly  reflex  and  partly  automatic.  The 
nerve  supply  of  the  uterus  comes  from  the  abdominal  sympathetics  and  from  the 
spinal  cord  in  connection  with  the  sacral  plexus.  When  all  nerve  connection  is 
cut  off  these  contractions  may  continue,  indicating  that  there  is  an  automatic 
muscular  contraction  of  the  uterus,  independent,  to  a large  extent,  of  the  ex- 
trinsic nervous  connection.  As  no  nerve  cells  are  found  in  the  uterine  walls,  it 
in  claimed  that  in  origin  these  contractions  are  muscular,  being  regulated  and 
controlled  by  nerve  impulses.  The  muscle  of  the  uterus  seems  to  be  very  sensi- 
tive to  stimulation,  even  after  it  has  been  removed  from  the  body.  The  entire 
parturition  process  is  a reflex  act,  the  nerve  centers  being  found  in  the  lumbar 
region  ot  the  cord  Goltz  found  in  dogs  parturition  after  the  division  of  the 
spinal  cord  at  the  first  lumbar  vertebra,  and  it  has  also  been  found  that  where 
paraplegia  existed,  cord  conduction  being  interrupted  in  the  dorsal  region  that 
delivery  was  not  impossible.  In  a dog  in  which  the  cord  was  divided  in  the 
thoracic  region  parturition  was  still  possible.  Tn  connection  with  the  adminis- 
tra hon  of  anesthetics  it  is  found  that  the  contractions  associated  with  the  uterus 
and  the  abdominal  muscles  must  be  involuntary.  The  sympathetic  nerves  are 
said  to  supply  the  circular  coat  of  the  uterine  walls  with  vaso-constrictor  fibres 
ll.e  spinal  nerves  supplying  the  vaso-dilator  fibres  to  the  longitudinal  coatings! 
it  l..  found  that  stimulating  the  uterus,  the  vagina  and  the  vulva,  as  well  as  the 
sciatic  nerve,  and  even  the  mammary  glands,  produces  contractions  reflexly  of 
t ie  uterus.  By  st.mulaing  the  medulla,  the  cerebellum,  the  pons  and  the  corpus 
striatum,  similar  reflex  contractions  are  found  to  take  place.  This  seems  to  in- 
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dieatc  that  parturition  is  a very  complex  reflex  action,  although  we  must  not  for- 
get the  automatic  action  of  the  uterine  muscular  fibres.  Jn  connection  with  ex- 
periments upon  the  uterus  in  its  non-pregnant  condition,  it  is  found  that  it  can 
he  stimulated  reflexly,  in  connection  with  the  central  nervous  system,  rhythmic 
contractions  taking  place.  In  the  condition  of  pregnancy,  particularly  in  tin- 
later  stages  of  gestation,  strong  rhythmic  contractions  take  place  without  anv  ex- 
ternal stimulation,  and  are  also  freely  called  forth  by  afferent  stimulation.  The 
same  contractions  may  be  produced  by  stimulating  the  spinal  cord  at  any  part 
of  its  course,  and  also  by  stimulating  the  brain.  These  stimuli  seem  to  pas- 
down  to  the  reflex  center  in  the  spinal  cord.  Uterine  movements  are  also  pro- 
duced by  the  absence  of  oxygenation,  in  connection  with  the  blood,  as  for  exam- 
ple, in  asphyxiated  blood  condition,  when  there  is  an  expulsion  of  the  foetu.-. 
Ergot  is  found,  also,  to  produce  increased  uterine  contractions,  probably  In- 
directly affecting  the  center.  In  cases  of  necessity  requiring  the  removal  of  the 
after-birth  this  can  be  accomplished  by  stimulating  by  compression  the  ab- 
dominal walls,  or  by  stimulating  the  nipple,  or  by  artificial  irritation  of  the 
vagina.  The  uterine  nerves  pass  along  with  the  blood  vessels,  some  being 
medullated  and  others  non-medullated,  passing  from  the  pelvic  plexus,  in  con- 
nection with  which  we  find  numerous  ganglia;  we  also  find  numerous  ganglia  in 
connection  with  the  nerves  that  pass  to  the  uterus  from  the  pelvic  plexus.  The 
pelvic  plexus  is  found  as  the  prolongation  of  the  hypogastric  plexus,  being  en- 
larged by  nerve  fibres  that  come  directly  from  the  sacral  roots.  In  the  dog  it  is 
found  that  the  nerve  fibres  are  associated  with  the  upper  lumbar,  passing 
through  the  hypogastric,  sympathetic  and  also  in  connection  with  the  first  and 
second  sacral  nerves.  In  the  human  subject  the  nerve  roots  are  found  in  con- 
nection with  the  upper  lumbar,  the  second,  third  and  fourth  sacral  nerves.  By 
stimulating  the  hypogastric  nerve  on  the  sacral  nerves  in  the  dog,  uterine  con- 
tractions take  place;  if  the  sacral  nerves  alone  are  stimulated,  the  longitudinal 
fibres  contract,  while  if  the  hypogastric  nerve  is  stimulated  the  circular  fibres 
contract.  This  is  said  to  indicate  the  difference  in  the  fibres;  there  is  also  an- 
other difference,  the  hypogastric  nerves  furnishing  the  vaso-constrictors  and  the 
sacral  nerves  the  vaso-dilators. 

In  connection  with  the  changes  that  take  place  in  the  uterus  and  what  is 
contained  within  it,  there  are  found  to  he  stimulations  resulting  in  uterine  con- 
traction even  before  the  period  of  parturition.  Some  other  causes  may  delay 
these  contractions  beyond  the  normal  period.  There  is  no  sufficient  cause  at 
present  to  be  found  either  in  observation  or  in  experiments  to  furnish  a basis 
for  a theory  in  regard  to  the  physiological  production  of  parturition.  All  that 
can  he  said  is  that  parturition  represents  a climax  in  a series  of  changes  which 
involve  the  development  of  a new  oarganism,  the  new  organism  requiring  to  lie 
separated  at  an  appropriate  time  from  the  maternal  organism  in  order  to  estab- 
lish its  own  independent  existence. 

In  connection  with  parturition  it  is  well  to  notice  the  possibility  of  multiple 
conception.  Reports  indicate  great  variation  in  the  frequency  of  these  multiple 
as  compared  with  single  conceptions.  It  has  been  found  by  observing  the  con- 
ditions of  the  Graafian  follicles  where  multiple  conception  has  taken  place,  that  it 
mav  take  place  in  connection  with  a single  ovum  or  separate  ova.  In  some  cases 
there  is  found  at  the  period  of  birth,  a double  chorion,-  while  in  other  cases  there 
is  found  only  a single  chorion.  In  the  one  case  the  two  ova  may  arise  from  a 
single  Graafian  follicle,  or  from  two  follicles  found  in  connection  with  one  ovary 
or  two  ovaries.  The  two  ova  seem  fo  lie  discharged  and  fecundated  at  about 
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the  same  time,  two  separate  amnions  being  found.  Two  placentas  are  sometimes 
found,  while  in  other  cases  only  a single  placenta  is  found.  Where  the  two 
originate  from  a single  ovum  it  is  only  possible  that  this  could  take  place  in  con- 
nection with  double  nuclei  in  the  ovum.  According  to  Ahlfeld,  the  probability 
is  that  it  is  not  due  to  the  presence  of  double  nuclei,  but  to  the  division  of  the 
blastomere  after  the  first  segmentation  process.  It  has  been  proved  in  con- 
nection with  some  of  the  lower  animals,  that  if  a single  blastomere  is  separated 
from  the  others,  it  is  capable  of  being  developed  into  a complete  embryo.  This 
would  account  for  cases  of  monstrosity  in  which,  instead  of  the  complete  separa- 
tion of  the  hlastomeres,  an  incomplete  separation  exists,  so  that  the  organism 
would  be  incomplete. 

SECTION  VII. — Sex  Determination. 

It  is  found  that  among  all  the  civilized  races  of  people,  a larger  number  of 
males  are  born  than  females.  This  ratio  seems  to  remain  almost  steady.  The 
question  arises:  what  is  it  that  determines  the  sex?  In  the  embryo  there  is  a 
clear  differentiation  of  sexuality  at  the  end  of  the  second  month.  It  is  impos- 
sible to  determine  at  what  period,  after  or  before  fecundation,  sex  determination 
takes  place.  Some  theories  have  been  formulated  in  regard  to  this  subject. 
According  to  Hofaeker,  and  Saddler,  it  is  said  that  if  the  father  is  the  older,  the 
probabilities  are  that  more  males  will  be  horn  than  females;  if  the  male  and 
female  parents  are  about  the  same  age,  the  probability  is  that  more  females  will 
lie  born,  whereas  if  the  female  parent  is  the  older,  the  probability  is  that  more 
females  will  be  born  also.  According  to  Thury,  the  principle  is  laid  down,  that 
if  the  ovum  is  fecundated  shortly  after  its  discharge,  there  is  greater  probability 
of  the  product  being  a female;  whereas,  if  the  fecundation  takes  place  later,  there 
is  i lie  greater  probability  of  male  offspring.  In  line  with  this  idea,  it  is  claimed 
that  conception  shortly  after  menstruation  results  in  the  birth  of  a greater  num- 
ber of  the  female  sex.  Husing,  on  the  basis  of  the  Tlniry  theory,  claims  that  if 
the  spermatozoa  are  fresh,  from  the  standpoint  of  their  production,  there  is  a 
greater  probability  of  the  product  being  of  the  male  sex.  He  claims  that  in  the 
case  of  animals,  the  fact  there  is  a more  frequent  exercise  of  the  reproductive 
function  on  account  of  the  fewer  males  that  are  utilized,  causes  the  increase  of 
the  male  sex  because  the  germ  cells  are  newer.  The  idea  of  sex  being  determined 
by  nutrition  was  formulated  by  Yung  in  1881,  who  fed  tadpoles  with  very 
nutritious  food,  the  result  being  that  there  was  a large  increase  in  the  female 
sex.  The  same  idea  has  been  propounded  by  Treat,  who  claims  that  in  the  case 
of  well-nourished  caterpillars,  the  butterfly  products  are  female,  whereas,  in  the 
case  of  starved  caterpillars,  the  male  product  predominates.  It  is  claimed,  on 
the  basis  of  statistics,  that  the  ratio  of  male  and  female  is  in  inverse  proportion 
to  the  parental  nutrition.  It  is  claimed  that  more  males  are  born  in  the  country 
districts  than  in  the  cities;  and  also  among  the  poorer  classes  of  the  people,  that 
more  males  are  born.  It  is  also  stated  that  as  the  races  become  intermingled, 
there  is  an  increase  in  the  number  of  females,  whereas,  in  cases  where  the  races 
are  maintained  in  their  purity,  the  males  seem  to  predominate.  Many  other 
ideas  have  been  brought  forward,  as  suggestive  of  the  solution  of  this  question. 
The  only  principle  that  seems  to  have  any  foundation  is  that  depending  upon 
nut i i five  conditions,  vherc  the  conditions  are  favorable,  females  are  produced, 
and  where  the  conditions  are  unfavorable,  males  are  produced. 
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One  important  modern  theory  deserves  more  than  a mere  passing  notice. 
Schenk  lias  formulated  a theory  in  regard  to  the  influences  that  bear  upon  sox 
production.  According  to  this  theory  it  is  claimed  that  sex  production  can  be 
controlled  from  the  standpoint  of  nutrition.  If  this  is  correct,  then  the  trophic 
influences  have  an  important  bearing  not  only  upon  the  variations  in  the  in- 
dividual life,  hut  also  upon  the  transmissibility  of  the  hereditary  properties  of 
life.  In  his  work  on  the  “Determination  of  Sex,”  he  has  reviewed  historically 
all  the  theories  that  have  been  formulated  on  this  subject,  presenting  his  own 
conclusions,  and  also  the  experimental  view  based  upon  his  own  observations. 
His  chief  aim  is  to  remove  all  sugar  from  the  excretions  of  the  maternal  body. 
His  theory  is,  that  where  traces  of  sugar  are  found  in  the  mother  during  the 
child-bearing,  the  result,  so  far  as  the  ovum  is  concerned,  is,  the  development  of 
a less  perfect  organism,  there  being  an  imperfect  body  activity,  resulting  in  the 
female  child.  In  order  to  accomplish  this,  a diet  of  proteid  material  Is  to  be 
used,  nearly  all  of  the  carbohydrate  being  eliminated  from  the  food.  This  diet- 
ing. according  to  Schenk,  must  be  commenced  several  months  before  conception, 
and  continued  for  several  months  after.  He  admits  that  he  cannot  yet  entirely 
control  sex  production,  but  claims  to  have  established  his  theory  to  the  extent 
of  assisting  in  the. maternal  selection  of  sex.  His  chief  work  has  been  to  examine 
the  excretions  of  the  body  with  the  view  of  discovering  the  presence  of  carbo- 
hydrates. He  claims  that  the  presence  of  sugar  in  these  excretions  indicates 
imperfections  of  some  kind,  in  body  development.  In  the  ease  of  the  female 
body,  he  claims  that  there  is  a smaller  change  than  in  the  male  body,  this  being 
due  to  less  active  changes  in  the  blood,  and  also  in  the  alimentary  processes. 
Where  the  sugar,  taken  in  the  form  of  food,  is  eliminated  as  waste,  there  is  an 
indication  of  imperfect  action  of  the  body  mechanism,  exhibiting  less  oxidation 
power  in  the  process  of  combustion.  Where  the  activity  of  the  body  is  less, 
there  are  less  active  changes,  and  the  result  is  a lesser  degree  of  strength.  For 
this  reason  men  are  physically  stronger  than  women.  Hence,  where  there  is  im- 
perfect action  of  the  digestive  mechanism,  it  is  more  noticeable  in  the  female,  be- 
cause of  the  lesser  degree  of  strength.  It  is  of  the  greatest  importance  therefore, 
that  during  the  process  of  child-bearing,  the  female  strength  should  be  most 
perfect,  representing  the  most  perfect  conditions  of  the  body  mechanism.  Hence, 
if  the  body  is  imperfectly  nourished,  and  incapable  of  performing  perfectly 
digestive  functions,  there  is  a decided  influence  upon  the  ovum.  Where  the 
carbohydrates  are  absent,  the  female  organism  is  stronger,  and  can  produce  as 
well  as  sustain,  a stronger  and  more  perfect  child.  Where  the  organism  is  im- 
perfect, the  ovum  is  also  imperfectly  developed.  In  the  former  case,  Schenk 
thinks  there  is  developed  a male  child,  and  in  the  latter,  a female  child. 

Primarily,  the  germ  plasm  docs  not  possess  sex  characteristics;  the  sex  char- 
acteristics depending  on  the  environment,  chiefly  nutrition,  the  more  fully  de- 
veloped and  nourished  becoming  the  male,  and  the  less  fully  developed  and 
nourished,  the  female.  In  order  to  control  the  sex  and  produce  the  male, 
Schenk  says  that  the  diet  must  be  so  regulated  as  to' eliminate  every  trace  of 
sugar  from  the  waste.  This  dieting  must  depend  upon  the  individual  case,  as 
Schenk  admits  that  in  some  cases  where  the  dieting  is  purely  proteid,  a larger 
proportion  of  saccharine  was  found  than  in  the  case  of  dieting  on  fats  and  car- 
bohydrates. The  nornial  dieting  is  the  nitrogenous  food  with  fats,  and  only  so 
much  carbohydrate  food  as  is  necessary  to  keep  up  the  body  activity  without 
danger  of  loss  to  the  system.  He  claims  that  only  one  theory  is  tenable  in  con- 
nection with  the  many  theories  that  have  been  formulated,  namely,  the  theory  of 
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‘ cross-heredity  of  sex.  In  order  to  establish  this  theory,  he  set  himself  to 
examine  the  excreted  products,  examining  more  particularly  the  carbohydrates 
as  they  are  excreted  from  the  urine.  Carbohydrate  excretion  in  the  urine  means 
that  the  combustion  process  is  incomplete,  the  organism  being  so  impaired  as  to 
interfere  with  the  use  of  combustible  substances.  When  sugar  is  found  in  the 
urine,  he  claims  that  it  ought  not  to  have  been  secreted,  as  grape  sugar.  If  the 
organism  is  in  perfect  efficiency,  grape  sugar  could  not  be  secreted  unchanged, 
but  would  be  oxidized.  This  does  not  mean  that  the  organism  is  in  a.  pathologi- 
cal condition,  as  he  claims  that  in  cases  in  which  the  sugar  has  been  found,  no 
pathological  condition  could  be  detected.  The  presence  of  sugar  therefore,  in 
connection  with  the  urine,  may  indicate  a physiological  condition.  Even  if  the 
sugar  is  excreted  for  a long  time,  it  does  not  of  necessity  indicate  a pathological 
process.  On  the  other  hand,  where  no  sugar  or  only  a very  small  quantity  of 
sugar  can  be  discovered  in  the  urine,  there  is  the  indication  of  perfect  capacity 
to  use  all  the  carbohydrates  in  connection  with  the  metabolic  process..  If  this 
condition  is  not  found  to  a certain  degree  in  an  individual,  then  to  that  degree 
there  is  the  failure  to  perform  the  full  physiological  functions  of  the  individual. 
Ivanoff  says  that  a physiological  condition  of  glycosuria  in  the  case  of  pregnant 
women  has  never  yet  been  established,  sugar  not  being  found  in  constant  and 
increased  quantities  in  pregnant  women.  In  the  female  organism  there  is  found 
to  be  a less  abundant  tissue  formation  than  in  the  male,  and  yet  according  to 
Schenk,  there  is  about  the  same  amount  of  sugar  given  off  in  the  urine.  Where 
the  formation  of  tissue  is  less  abundant  the  strength  must  be  weaker,  hence  the 
weakness  in  the  organism  will  influence  more  completely  the  organism  itself  and 
the  functions  that  it  performs. 

Hence  the  excretion  of  sugar  in  the  female  indicates  a greater  loss  than  in 
the  male. 


In  addition  to  this  fact,  there  takes  place  periodically  menstruation  and 
ovulation  in  the  female,  so  that  it  is  of  importance  to  find  out  whether  there  is 
a complete  use  made  of  the  substance  that  is  taken  as  nutrition.  Hence  the 
question  of  the  excretion  of  sugar  has  an  important  bearing  on  the  formation 
of  the  ovum  and  its  maturation.  Sugar  is  excreted  not  only  on  account  of  the 
nature  of  the  food,  but  especially  in  connection  with  the  oxidation  processes. 
It  is  essential  in  the  maturation  of  the  ovum  that  metabolism  should  be  normal, 
and  if  these  processes  are  normal,  sugar  will  not  be  present  in  the  urine.  Ovum 
formation  does  not  depend  entirely  upon  food  and  metabolism.  Where  it  is 
found  that  substances  are  not  completely  oxidized,  there  is  the  incomplete  de- 
velopment of  the  ovum.  In  this  case  there  will  be  “a  less  perfect  ovum,  and  also 
a efi8  ""ell-nourished  ovum.  An  ovum  of  this  sort  has  not  so  fully  attained  to 
a the  chai actejistics  and  powers  inherent  in  its  protoplasm,  and  in  consequence 
seems  fitted  to  develop  only  a female  individual.  In  such  an  ovum  the  several 
(c  . products  of  the  ovum  which  have  to  develop  themselves  into  the  future  em- 
ii\o  vi  ic  arranged  for  the  growth  of  a female.  Hot  only  will  female  organs 
o .generation  l.e  developed  from  it,  but  also  all  the  elements  of  the  future  indi- 
vidual may  be  feminine.”  On  the  other  hand,  if  in  the  maternal  organism  all 
ic  su  stances  taken  m the  form  of  food  or  developed  in  the  organisms  are  com- 
p e e y oxu  r/.c< , so  that  not  even  the  smallest  traces  of  sugar  are  found  in  the 
* ie™  an  °yiin  can  be  developed  such  as  is  required  to  produce  a male  in- 
civ  k ua  . )uf  of  this  protoplasm,  in  the  course  of  evolution,  elements  form 
emse  ves  u ience  male  cells  are  developed,  which  correspond  to  the  develop- 
ment of  tissues  and  forms  of  the  male  individual.  Some  of  the  cells— namely. 
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those  which  ultimately  become  the  elements  for  the  continuation  of  the  species — 
are  planned  for  the  male  sex.”  Hence  he  concludes  that  the  determination  of 
sex  depends  upon  a fitting  diet  and  its  choice  to  suit  the  organism,  so  that  the 
diet  may  exert  such  an  influence  over  the  maturation  process  as  to  develop  the 
male  germ.  This  principle  can  only  be  applied  in  the  ovum  development  before 
fecundation.  The  chief  requisite  is  that  the  maternal  parent  has  been  for  a 
considerable  time  prior  to  fecundation  carefully  dieted.  At  the  same  time, 
special  care  is  required  after  conception  that  the  diet  may  also  be  fitting.  This 
theory  is  in  too  formative  a stage  to  be  discussed.  One  objectionable  feature  in 
the  theory  is  its  seeming  depreciation  of  the  female  sex.  Even  if  the  sex  can  ho 
controlled  by  nutritional  changes,  and  such  is  possible  on  the  basis  of  environ- 
mental changes,  it  would  seem  that  nothing  can  he  drawn  from  this  that  would 
in  any  sense  lead  us  to  appreciate  one  sex  above  another.  It  has  been  generally 
admitted  that  in  the  body  germ-plasm  stage  there  is  no  sex  differentiation,  this 
taking  place  in  the  later  embryonic  stages.  If  by  a regulated  dieting  this  differ- 
entiation can  he  guided,  it  furnishes  a proof  of  the  influence  of  environment 
upon  the  development  of  the  germ  plasm.  This  theory  may  be  criticised  from 
a preformative  standpoint  .according  to  which  every  germ  plasm  represents  a 
complete  and  perfect  organism  with  all  its  parts  and  powers  latent,  so  that  no 
power  can  change  its  sex.  If  the  preformative  theory  is  true,  then  a sexless  germ 
is  an  impossibility,  for  the  germ  plasm  must  contain  all  the  potentialities  of  life 
in  a perfect  condition.  From  this  standpoint  the  only  possible  way  of  con- 
trolling sex  would  be  to  prevent  inception. 

Another  theory* has  been  formulated,  based  upon  the  fact  that  when  men  are 
in  a low  vital  condition  from  diseases  or  old  age,  they  usually  bear  sons.  Thus, 
it  is  claimed,  represents  the  effort  of  nature  to  strengthen  the  weaker  sex  with 
the  view  of  reintegrating  lessened  vitality.  This  theory  was  found  to  be  the 
reverse  in  the  female  sex.  Hence  Shepherd  formulated  what  he  called  the 
polarity  theory.  According  to  this  theory,  the  germ  comes  to  exist  as  a perfectly 
complete  organism,  in  connection  with  which  latent  potentialities  are  developed 
by  the  law  of  polarity  and  under  the  influence  of  environment.  Hence,  when 
the  germ  is  found  in  the  maternal  soil  it  is  impossible  to  alter  sexuality.  Ac- 
cording to  this  theory  the  universe  consists  of  matter  and  electricity — electricity 
representing  life,  or  rather,  life  being  the  union  of  electricity  and  matter.  The 
beginning  of  each  separate  life  represents  a minute  life-generated  spark  emanat- 
ing from  the  infinite  potentiality.  Electricity  is  positive  and  negative,  the 
former  representing  the  male  from  which  is  generated  the  spark  oi  life.  Ac- 
cording to  this  theory  the  male  and  female  germs  represent  opposite  polariza- 
tions—the  former  representing  the  energetic  element,  and  the  latter  tlrat  in  con- 
nection with  which  the  energy  is  developed.  According  to  this  the  germ  life 
bey-ins  with  inception,  and  from  that  moment  the  stru  g^lc  foi  existence  is  co 
meneed.  Environment  also  has  an  influence,  for  if  germs  of  the  male  and  female 
are  placed  in  a negative  soil,  the  male  germ  will  survive  as  against  the  female; 
whereas  if  the  male  and  female  germs  are  placed  in  a maternal  soil  of  luxuriance, 
t ho  female  germs  will  survive.  This  theory  has  in  it  the  idea  of  vital  magnetism 
or  magnetic  electricity,  and  in  order  to  its  acceptance  it  is  necessary  to  accept  ol 
life,  including  vital  and  nervous  activities,  as  being  essentially  electrical  or 
electro-magnetic. 
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CHAPTER  XIV. 

Physiological  Conditions  Peculiar  to  Age , Temperament , ChUnges 

of  Life , and  Death. 

SECTION  I. — The  Phases  of  Individual  Life. 

The  individual  life  begins  with  fecundation  and  ends  with  the  deatli  of  the 
body.  During  the  intervening  period  between  these  two  events  there  are  char- 
acteristic changes  which  are  peculiar  to  the  different  phases  of  life — these 
changes  representing  sometimes  sudden  variations.  We  find  such  periods  as  the 
foetal  period,  childhood,  youth,  maturity  and  old  age.  There  is  not,  however, 
physiologically,  any  hard-and-fast  line  of  separation  marking  off  these  stages 
from  one  another,  and  hence  the  period's  are  simply  relative.  Before  birth  the 
structure  is  completed,  and  the  functional  arrangements  of  the  body  mechanism 
develop.  At  birth  the  independent  existence  begins,  when  all  the  functions  of 
normal  life  except  reproduction  are  more  or  less  developed.  From  birth  to 
maturity  these  functions  are  modified,  the  modifications  taking  place  as  essential 
enlargements  of  the  primary  functions.  The  growth  of  the  body  consists  of  en- 
largement of  the  cells,  the  multiplication  of  the  cells  and  the  development  of  the 
connective  tissue  substance.  During  the  embryonic  stage  the  cell  multiplica- 
tion takes  place;  after  birth  the  enlargement  of  existing  cells  takes  place,  together 
with  the  growth  of  the  inter-cellular  substance  between  the  cells.  Resulting 
from  the  cell  growth  there  is  an  increase  in  the  body  size.  The  body  growth 
goes  on  continuously  from  the  beginning  of  ovum  segmentation  till  about  twenty- 
five  years  of  age.  The  variations  in  the  size  of  the  body  depend  to  a large  extent 
upon  a number  of  conditions,  depending  upon  climate,  food,  etc. 

In  connection  with  the  body-growth  after  birth,  two  methods  have  been 
followed,  the  one  depending  upon  the  average  found  in  connection  with  develop- 
ment of  a number  of  individuals.  In  the  other  case,  measurements  are  taken  at 
different  periods  in  the  same  individual  life,  indicating  that  the  individual  him- 
self is  increasing  in  a definite  or  determined  ratio.  It  is  found  that  growth 
is  rapid  during  the  first  five  or  six  years  of  life,  becoming  slower  from  the  fifth 
to  the  tenth  or  twelfth  years.  Between  the  twelfth  and  sixteenth  or  seventeenth 
years  there  is  found  to  be  another  development,  after  which  the  first  growth  be- 
comes slow  until  the  twenty-first  or  twenty-fifth  year.  During  the  next  five  or 
ten  years  the  body  weight  is  generally  increased,  although  there  is  but  very  little 
variation  in  tbe  body  height.  In  connection  with  the  relative  development  of 
the  male  and  female,  it  is  found  that  males  grow  more  rapidly  than  females;  in 
the  development  of  the  years  from  ten  to  twelve  up  to  puberty,  it  is  found  that 
there  is  an  increase  in  the  female  growth  as  compared  with  the  male  growth. 
About  fifteen  years  of  age  it  is  found  that  the  males  grow  more  quickly  than  the 
females — the  males  attaining  their  adult  stall  re  from  twenty-two  or  twenty-five, 
and  the  female  from  twenty  to  twenty-one  years  of  age.  Alterations  may  take 
place  in  connection  with  climate  and  the  conditions  of  life,  but  the  results  seem 
to  depend  largely  upon  tbe  differences  found  in  the  sexes  themselves.  When 
the  child  is  born  it  represents  a very  incomplete  development.  The  newly-born 
child  weighs  about  seven  pounds.  The  body  is  pretty  nearly  divided  in  two 
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at  the  umbilicus,  the  head  and  the  upper  extremities  being  larger  proportionately 
than  the  pelvic  region  and  the  lower  extremities.  In  addition  to  this  the  thorax 
is  small  and  the  abdomen  large.  There  is  a partial  curvature  of  the  lower  limbs, 
so  that  the  feet  are  oblique  rather  than  horizontal — the  limbs  and  the  arms 
being  bent  forward  in  connection  with  the  thorax  and  the  abdomen,  the  joints 
also  being  in  a partially  bent  condition.  The  respiratory  process  is  imperfect 
for  a considerable  period  after  birth',  the  pulmonary  vessels  expanding  gradually, 
and  the  circulatory  modifications  taking  place  also  gradually. 

The  early  respiration  of  the  new-born  child  seems  to  take  place  to  a con- 
siderable extent  in  connection  with  the  skin.  The  body  temperature  is  low  and 
requires  to  he  sustained  by  careful  protection.  Sleep  seems  to  be  almost  the 
normal  condition,  the  special  senses  remaining  almost  unexcited  and  conscious- 
ness being  almost  entirely  absent.  The  voluntary  motions  and  sensations  have 
not  been  developed,  and  the  movements  that  are  found  associated  with  the 
limbs  are  automatic  in  their  nature.  All  or  nearly  all  the  actions  of  the  infant 
are  reflex  in  their  character — as  for  example,  suckling.  The  nervous  connection 
with  the  external  world  is  incomplete,  nutrition  and  respiration  representing  the 
two  main  functions  of  the  body  organism.  As  the  development  of  the  body  goes 
on  from  infancy  there  is  a diminution  in  the  relative  size  of  the  internal  organs, 
on  account  of  the  increased  growth  of  the  bony  and  muscular  systems,  both  of 
which  come  to  be  developed  very  fully  in  connection  with  the  structural  and 
functional  growth  of  the  body.  The  umbilical  cord  very  soon  becomes  desiccated. 
The  skin  is  renewed  over  the  entire  body,  this  including  the  hair  that  is  found 
on  the  different  parts  of  the  body.  The  teeth  are  only  partially  developed,  being 
still  concealed  in  the  dental  follicles.  At  the  period  of  birth  there  is  a delicate 
layer  covering  over  the  upper  surfaces,  only  afterwards  the  body  and  the  fangs 
of  the  teeth  being  formed.  The  teeth  pass  out  of  the  gums,  according  to  Kol- 
liker,  in  this  order  generally:  the  central  incisors  about  the  seventh  month  after 
birth,  the  lateral  incisors  about  the  eighth  month,  the  anterior  molars  about  the 
end  of  twelve  months,  the  canines  about  the  end  of  eighteen  months,  and  the 
second  molars  about  the  end  of  twenty-four  months.  About  the  seventh  year 
another  change  takes  place,  in  connection  with  tne  replacing  of  the  first  teeth 
by  the  permanent  teeth.  The  anterior  permanent  molars  are  first  seen  close  be- 
hind the  posterior  temporary  molars.  About  the  seventh  year  there  is  the  cast- 
ing of  the  middle  incisors,  which  are  replaced  by  larger  teeth.  In  the  eighth 
year  the  lateral  incisors  are  thrown  off  and  permanent  teeth  take  their  place. 
About  the  tenth  year  the  permanent  bicuspid  teeth  replace  the  anterior  and 
second  molars.  During  the  twelfth-year  we  find  the  throwing  off  of  the  canine 
teeth.  During  the  thirteenth  year  the  permanent  molars  appear,  and  from  the 
sixteenth  to  the  twent}r-second  3rear  the  wisdom  teeth  are  found  in  connection 
with  the  dental  arch. 

The  generative  organs,  which  do  not  exist  at  birth,  begin  to  show  functional 
developmen  from  the  fourteenth  to  the  twenty-first  year.  At  this  stage  the  gen- 
eral body  form  is  altered,  and  there  is  a difference  between  the  sexes.  At  this 
period  we  have  the  changes  that  are  associated  with  puberty,  puberty  indicating 
the  period  when  sexual  maturity  is  reached.  It  is  said  to  be  later  in  the  male 
by  one  or  two  years  than  in  the  female.  Accompanying  this  change  there  is  a 
rapid  increase  in  the  body  growth.  In  the  male  it  is  accompanied  by  marked 
alteration  in  the  body  size,  development  of  strength,  maturity  of  function, 
especially  of  the  reproductive  organs — one  of  the  most  marked  changes  being 
that  of  the  voice,  which  falls  permanently  about  an  octave.  In  the  female  the 
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approach  of  puberty  is  more  readily  determined  than  in  the  male.  It  is  marked 
by  characteristic  body  changes,  one  of  the  most  marked  being  associated  with 
menstruation  and  the  uterine  changes  accompanying  it.  Nervous  changes  and 
also  mental  development  are  found  characteristic  of  this  period  of  puberty. 
After  a certain  period  of  life  is  reached  in  the  male,  usually  about  sixty  years, 
the  life  begins  to  decline,  this  being  manifest  in  connection  with  the  diminution 
of  the  reproductive  powers.  It  is  not  so  maiked  in  the  male  as  in  the  female, 
the  reproductive  power  ceasing  about  forty-five  to  forty-seven  years  of  age  in 
the  female,  this  period  of  life  representing  what  is  called  the  climacteric.  It  is 
chiefly  characterized  by  the  cessation  of  the  menstrual  flow,  accompanied  by 
changes  in  the  entire  reproductive  organs,  including  the  mammae,  which  decrease 
in  size.  The  changes  that  take  place  in  connection  with  the  pelvic  organs  are 
the  reverse  of  those  that  are  found  to  take  place  at  puberty.  There  is  involved 
in  most  cases  an  abnormal  condition  of  many  of  the  body  functions,  including 
digestion,  blood  circulation,  heart  action,  etc.  In  many  cases  there  is  found  a 
profound  change  in  the  system,  involving  rheumatic  and  neuralgic  conditions,  as 
well  as  a tendency  to  hysteria,  and  sometimes  to  mental  disorders.  There  is  in- 
volved in  these  changes  a modification  of  the  reproductive  functions,  and  with 
this  modification  a new  adaptation  of  the  body  system  to  these  changed  con- 
ditions. In  connection  with  the  variations  that  are  found  in  connection  with 
the  child  life,  it  is  found  that  the  brain  and  the  eyes  are  relatively  larger  in  com- 
parison with  the  body  weight.  The  same  thing  is  true  of  the  skin,  as  the  small 
body  has  a relatively  greater  surface.  In  connection  with  the  kidneys  we  find 
a larger  development  in  the  embryonic  life,  while  in  regard  to  the  heart  and 
liver  we  find  the  same  relative  largeness.  The  lungs  and  the  alimentary  organs 
seem  to  have  about  the  same  proportion  to  the  body  as  in  the  adult  life.  The 
same  thing  is  true  of  the  skeleton,  while  the  muscles  develop  much  more  quickly 
than  -the  other  parts  of  the  body.  In  the  child  it  is  found  that  salivation  is 
almost  entirely  absent,  the  teething  process  representing  the  beginning  of  the 
active  development  of  the  saliva.  The  gastric  juice  in  the  infant,  as  well  as  the 
pancreatic  juice,  has  considerable  digestive  capacity.  This  seems  to  indicate  that  • 
the  digestive  processes  in  the  child  are  very  similar  relatively 'to  those  found  in 
the  adult,  with  the  exception  that  starch  or  starchy  food  is  very  difficult  of  diges- 
tion. It  has  been  remarked  that  in  the  infant  faeces  ihere  is  a large  amount  of 
undigested  food,  indicating  the  limited  extent  to  which  the  digestive  process  can 
be  carried  in  the  child.  The  heart  in  the  case  of  the  child  is  much  larger  than 
in  the  adult,  relatively  to  the  body  weight.  The  heart  pulsation  is  also  very 
much  quicker — at  birth  being  about  40  per  minute,  in  the  second  year  being 
about  130,  and  about  the  ninth  or  tenth  year  falling  to  90.  The  blood  circula- 
tion takes  place  in  a very  much  shorter  time — in  about  twelve  or  thirteen  seconds, 
as  compared  with  twenty-three  to  twenty-five  seconds  in  the  adult.  This  pro- 
vides lor  the  very  rapid  renewal  of  the  blood  in  connection  with  its  circulation. 
I\  c find  a iso  a larger  amount  of  blood  relatively  to  size  in  the  infant  than  in  the 
adult.  Child  respiration  is  much  quicker — at  birth  being  about  fffi  per  minute, 
in  the  second  year  about  28,  and  gradually  decreasing  year  by  year  until  it  as- 
sumes the  normal.  The  oxygen  absorption  is  found  to  be  in  the  child  life 
very  active, .being  much  greater  than  the  elimination  of  carbonic  acid — indicating 
that  there  is  a storage  of  oxygen  in  order  to  provide  for  the  very  rapid  and  at 
the  same  time  large  constructive  metabolism.  In  connection  with  the  food 
that  is  taken  into  the  body,  there  is  required  a large  amount  of  energy  in  the 
conversion  of  the  food  substance  into  body  tissue.  The  metabolic  processes  of 
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the  child  are  very  much  more  definite  than  those  of  the  adult,  on  account  of  the 
increasing  development  of  the  body  tissue.  In  addition  to  the  larger  amount 
ot  tissue  that  is  required,  a more  rapid  metabolisnvis  necessary  to  sustain  tbe 
body  temperature,  which  normally  is  above  that  of  tbe  adult.  In  the  child  we 
hut.  a lelath  ely  larger  surface,  so  that  the  loss  of  heat  is  greater,  and  greater 
precautions  require  to  be  taken  in  preserving  the  child  from  cold. 

Closely  connected  with  the  growth  of  tissue,  and  the  metabolic  and  digestive 
processes  which  are  at  the  basis  of  this  growth,  is. the  importance  attached  to  tbe 
lymphatic  system.,  lliere  is  not  only  a large  lymphatic  system,  but  also  a large 
quantity  of  lymph.  There  is  also  a special  fluid  gland,  the  thymus,  which  grows 
quickly  up  to  the  second  or  third  year,  and  then  remains  in  about  the  sanm 
condition  for  several  years  until  it  gradually  disappears.  Thyroid  development 
and  spleen  activity  are  greater  in  the  child,  on  account  of  the  necessity  of  tbe 
child's  system  demanding  the  increase  in  the  blood  corpuscles,  and  also  in  the 
thyioid  secietion.  In  the  child  life  the  urine  is  found  to  be  more  abundant  than 
in  i lie  adult  life,  this  is  claimed  to  be  due  in  part  to  the  liquid  nature  of  the 
food,  but  it  also  depends  upon  the  increased  metabolism  that  is  associated  with 
the  infant  growth.  There  is  a larger  amount  of  urea  and  oilier  solid  substances 
ui  ic  acid  being  found  in  large  quantities  in  the  urine  of  children.  In  connec- 
tion with  the  .nervous  system,  it  is  found  that  in  childhood  there  is  a greater 
degree  of  excitability,  indicating  that  the  nervous  mechanism  has  not  been  de- 
veloped, but  is  being  subjected  to  a great  number  of  stimuli  which  are  constantly 
producing  modifications  in  the  nervous  system.  The  development  of  medulla- 
tion  takes  place  gradually  in  connection  with  the  nerve  fibres,  indicating  that 
functional  activity  is  developed  later  in  connection  with  the  completed  nerve 
fibre  and  nerve  tract.  It  has  been  found  that  the  stimulation  of  the  pneumo- 
gastric  does  not  produce  the  inhibition  of  the  heart,  indicating  that  the  normal 
function  of  the  nerves  is  not  performed  from  earliest  childhood.  At  birth  the 
tactile  sense,  both  in  connection  with  temperature  and  pressure,  seems  to  be 
very  fully  developed,  and  also  the  sensations  of  smell  and  taste.  The  eye  seems 
to  be  very  sensitive  to  tbe  normal  stimulation  of  light,  while  the  auditory  sensa- 
tions are  not  very  fully  developed.  This  latter  phenomenon  is  explained  by  the 
fact  that  tbe  moistened  condition  of  tbe  tympanic  membrane  and  the  absence 
of  air  do  not  give  the  necessary  sensations  in  connection  with  stimulation.  The 
nervous  system  becomes-  more  settled,  an  excited  condition  giving  place  to  a 
calmer  nervous  condition,  the  senses  becoming  more  sensitive  and  acute.  These 
changes  represent,  from  the  standpoint  of  physiology,  some  of  tbe  modifications 
that  take  place  in  connection  with  the  changing  variations  of  life,  especially  those 
of  childhood,  which  arc  most  profound. 


SECTION  II. — Evolution  in  Connection  icitft  Reproduction. 

From  the  standpoint  of  biology,  there  are  two  important  elements  that  de- 
termine and  explain  the  character  and  activity  of  the  living  being,  heredity  and 
environment.  Of  these  two  the  most  important  is  heredity.  Environment  rep- 
resents the  changeable  element  that  surrounds  the  individual  life,  including  those 
elements  of  life  which  are  considered  essential  to  the  physical  and  psychic  exist- 
ence. By  heredity  is  meant  whatever  may  be  transmitted  from  ancestor  to 
offspring,  whether  actual  or  potential.  In  environment  is  included  the  material, 
such  as  food,  air,  tbe  water  and  the  natural  forces  which  act  as  stimuli  or  consti- 
tute the  environing  conditions  of  active  life.  Not  only  do  these  principles  apply 
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to  the  origin  of  the  organism  as  a whole,  hut  also  to  the  different  cells  of  the 
organism,  although  there  is  a complication  in  this  case  arising  Irom  the  in- 
fluences of  cell  upon  cell.  The  action  in  heredity  is  internal,  and  of  environ- 
ment external.  In  the  unicellar  organisms  there  is  the  beginning  of  independent 
existence  when  the  parent  cell  is  separated  from  the  child  cell,  so  as  to  form  an 
independent  body.  In  the  higher  forms  of  life  this  implies  the  conjunction  of 
the  spermatozoon  and  the  ovum,  when  there  takes  place  the  constitution  oi  the 
germ  of  a separate  life.  This  forms  the  period  of  the  inception  of  the  new  form 
of  life,  and  from  this  period  until  death  we  find  life  consisting  of  the  manifesta- 
tions of  certain  capacities  and  powers  first  imparted  to  germ  life,  to  which  must 
he  added  the  influence  arising  from  environment. 

Biology  has  been  endeavoring  to  lay  emphasis  upon  these  as  the  two  great 
elements  in  life,  and  from  this  standpoint  they  form  the  essential  basis  of  all 
vital  actions.  From  the  standpoint  of  physiology  both  of  these  are  important, 
not  only  because  they  are  at  the  basis  of  biology,  but  because  they  are  at  the 
basis  of  functionalization.  Already  we  have  considered  very  fully  the  environ- 
mental element,  because  the  entire  connection  of  life  and  action,  alimentation 
and  nervous  impulses  originating  and  carrying  on  the  life  actions,  whether  in- 
ternal or  external,  represent  the  environments  of  life.  Their  presence  and  in- 
fluence absolutely  control  the  manifestations  of  the  vital  phenomena.  The 
physiological  account  of  these  living  phenomena  as  processes  of  the  functional 
life  would  be  incomplete  without  taking  into  account  the  second  element  of 
heredity;  particularly  because  around  this  evolution  idea  all  modern  biological 
investigation  circles.  It  is  true  that  here  we  meet  largely  with  theory  and 
opinion  rather  than  fact,  but  there  is  a constantly  accumulating  mass  of  evidence 
that  seems  to  render  at  least  possible  the  theory  of  heredity. 

In  biological  terms,  every  vital  phenomenon  must  depend  upon  one  of  two 
things — either  heredity  or  environment — or  upon  both  of  these  factors.  One 
thing  is  self-evident:  there  is  no  spontaneous  generation,  there  is  no  self- 
originating  power.  Hence  life  and  its  phenomena  are  derivative.  One  of 
the  most  important  evidences  is  that  of  resemblance.  Histologically,  and 
even  from  the  standpoint  of  physiology  and  physiognomy,  there  is  a resemblance 
between  the  child  and  the  parent,  including  the  ancestors  of  several  generations. 
These  resemblances  appear  strongest  in  the  direct  line  of  child  from  parent, 
back  along  the  line  of  ancestry.  Francis  Galton.  in  bis  work  on  “Natural  In- 
heritance,” has  differentiated  the  proportion  of  inherited  resemblances — the  two 
direct  parents  contributing  one-fourth,  each,  and  the  four  grandparents  one-six- 
teenth each,  the  other  one-fourth  being  inherited  from  older  ancestors.  This 
theory  has  been  denied  by  other  investigators.  It  has  been  pointed  out  that  in 
addition  to  individual  eccentricities,  including  the  physiognomy,  there  have  been 
handed  down  from  the  ancestral  line  peculiar  characteristics  of  race,  so  that 
whatever  species  may  mean  absolutely,  there  is  a distinctly  marked  division  of 
the  species  in  the  same  genus. 

Many  theories  have  been  formulated  in  connection  with  hereditary  trans- 
mission, the  oldest  being  that  ihe  soul  of  some  predecessor  passed  into  the  body 
and  made  the  body  its  residence.  This  represents  the  doctrine  of  transmigration, 
which  we  find  in  a remote  antiquity,  and  also  at  the  present  day  among  savage 
and  uncivilized  races.  According  to  Stahl,  the  soul  represented  the  forming 
power  in  connection  with  the  development  of  the  foetus.  According  to  Darwin, 
there  are  in  existence  in  connection  with  all  cell  forms  minute  corpuscles,  which 
are  found  to  circulate  freely  in  the  body.  These  minute  corpuscles  are  handed 
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clov n fioru  paient  io  child,  although  tlicy  may  lie  latent  for  some  time  and  he 
brought  into  prominence  in  connection  with  their  union  with  other  corpuscles 
furnished  by  another  organism.  According  to  Haeckel,  transmission  takes  place 
not  by  means  of  substance,  but  through  molecular  movement,  retention  taking 
place  by  means  of  an  unconscious  memory.  According  to  this  theory,  heredity 
would  depend  upon  the  transmissibility  of  molecular  movements'!’  Accord- 
ing to  Naegeli  both  of  these  theories  are  false.  He  claims  that  in  all  protoplasm 
we  find  a fluid  and  a solid  part,  the  latter  consisting  of  solid  matter  essential  for 
nutiition.  llie  idioplasm,  as  it  is  distributed  throughout  the  body,  represents 
the  center  of  all  the  active  changes — the  idioplasm  differing  in  different  parts  of 
the  body.  The  germ  cells  are  found  to  contain  this  idioplasm,  which  has  been 
reduced  in  connection  with  the  germinal  process.  The  characteristic  properties 
of  this  idioplasm  depend  upon  the  combination  of  very  minute  particles  called 
nii<  cllae.  In  the  case  of  parental  transmission,  if  each  parent  transmits  an  equal 
part  of  idioplasm,  each  parent  will  be  equally  represented  in  the  child’s  peculiar- 
ities,  whereas,  variation  in  the  amount  of  the  idioplasm  derived  from  the  parents 
will  give  corresponding  variations  in  the  child.  The  germ  cell  represents  a cell 
containing  the  idioplasm,  this  idioplasm  being  modified  to  a certain  extent  by 
external  conditions,  so  that  there  is  not  absolute  resemblance  between  the  child 
and  the  parent  or  parents.  This  theory  seems  to  he  founded  upon  the  existence 
of  a universal  protoplasm,  and  is  based  upon  an  ideal  conception  of  the  idioplasm. 

This  theory  has  been  modified  by  Strasburger.  He  regards  protoplasm  as 
consisting  of  two  parts,  the  one  formative  and  the  other  nutritive — the  formative 
being  identified  with  the  chromatic  nucleus.  In  connection  with  the  nucleus  he 
found  an  active  substance  which  he  called  the  nucleoplasm — all  the  variations  in 
the  cell  substance  taking  place  in  connection  with  the  nucleoplasm.  According 
to  this  theory,  a cell  possesses  reproductive  power  in  connection  with  its  em- 
bryonic condition.  This  viewr  is  claimed  to  explain  the  phenomena  that  are 
associated  with  the  throwing  off  of  the  polar  bodies  from  the  ovum  and  the 
spermatozoon,  as  these  cells  return  to  their  primitive  condition.  According  to 
this  theory,  the  throwing  off  of  the  polar  bodies  is  to  prevent  parthenogenesis: 
that  is,  to  remove  from  the  ovum  the  male  idioplasm,  and  to  remove  from  the 
spermatozoon  the  female  idioplasm,  so  that  the  truly  male  and  female  elements 
may  be  united  together  in  fecundation.  In  this  way  the  female  idioplasm  would 
transmit  maternal  characteristics  and  the  male  idioplasm  paternal  characteristics. 
This  is  the  idea  of  Balfour,  expressed  in  his  work  on  embryology. 

Strasburger  claims,  however,  that  the  mother  transmits  not  only  maternal 
characteristics,  but  also  latent  characteristics  of  the  maternal  grand  and  great- 
grandfather; while  the  father  transmits,  in  addition  to  paternal  characteristics, 
those  of  the  paternal  grand  and  great-grandmother.  Hence  the  maternal  idio- 
plasm and  the  paternal  idioplasm  do  not  represent  purely  male  and  female  ele- 
ments. According  to  Strasburger,  the  nucleoplasm  consists  of  a number  of  seg- 
ments representing  different  generations.  The  important  point  in  this  theory 
is  the  identification  of  the  idioplasm  with  the  chromatic  substance.  According 
to  Beneden,  if  the  chromatic  substance  from  the  male  and  from  the  female  are 
kept  separated,  and  transmitted  in  equal  portions  to  the  nuclei  found  in  connec- 
tion with  the  separation  of  the  fecundated  nucleus,  and  if  this  is  continued 
indefinitely,  each  cell  may  be  regarded  as  representihg  both  father  and  mother, 
according  to  the  extent  of  the  maternal  and  paternal  idioplasm,  (hi  the  basis 
of  nutritive  action  the  idioplasm  may  be  increased,  and  it  may  also  be  modified 
by  environment  giving  rise  to  individual  characteristics.  As  soon  as  the  cells 
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cease  to  be  increased  by  division,  there  is  fixed  the  individual  characteristic  of 
the  idioplasm.  According  to  some,  this  represents  the  advantage  associated  with 
sexual  difference,  and  the  disadvantage  that  is  found  in  the  sexual  union  of  in- 
dividuals that  are  too  closely  related  to  one  another.  According  to  this  view, 
the  throwing  off  of  the  polar  bodies  is  for  the  purpose  of  securing  the  embryonic 
condition,  the  reproductive  substance  being  secured  by  transforming  somatic 
idioplasm  into  embryonic  or  reproductive  idioplasm.  This  involves  a consider- 
able difficulty  in  connection  with  the  process  of  conversion  of  somatic  into  idio- 
plasmic  embryo. 

This  led  Weissmann  to  formulate  his  theory  of  the  continuity  of  the  germ 
plasm.  According  to  this  view  heredity  consists,  not  in  the  transmission  of 
idioplasm,  but  of  a special  substance  associated  with  the  germinal  cells.  This 
represents  a special  nuclear  substance  which  he  calls  the  germ-plasm,  that  is  trans- 
mitted unaltered  from  generation  to  generation,  representing  a continuous  and 
immortal  germ-plasm.  If  it  is  not  used  up  in  the  development  of  offspring,  a 
part  of  it  is  put  aside  for  the  formation  of  the  germ-plasm  in  future  generations. 
This  theory,  although  it  seems  to  get  over  some  of  the  difficulties  involved  in 
preceding  theories,  does  not  explain  the  fact  of  hereditary  transmission.  The 
nuclear  matter  associated  Avith  the  molecular  mechanism  cannot  itself  be  ex- 
plained. If  there  is  no  possibility  of  altering  the  germ-plasm,  hoAv  are  we  to 
account  for  individual  characteristics?  Weissmann  denies  the  transmissibility 
of  acquired  characteristics,  claiming  that  only  the  inherent  characteristics  are 
transmitted.  All  characteristics,  however,  must  haAre  been  acquired  at  some 
period;  and  if  this  is  true  the  germ-plasm  must  be  subject  to  certain  variations. 
These  theories  seem  to  overlook  the  fact  that  modifications  take  place  in  con- 
nection with  the  process  of  germination  Avhile  the  embryo  is  in  the  maternal 
uterus.  During  this  embryonic  condition  there  is  undoubtedly  a modification 
taking  place  through  or  in  connection  with  the  maternal  life — the  child  in  utero 
being  to  a certain  extent  influenced  by  all  of  the  important  changes  that  take 
place  in  the  mother. 


The  human  race  is  one,  but  this  unity  is  differentiated  in  groups,  such  as 
the  Caucasians.  These  hereditary  resemblances  may  be  anatomical,  physiological 
or  psychological,  or  all  of  these  combined.  Anatomical  resemblances  are  the 
most  commonly  recognized— facial  features,  color  of  the  hair,  and  of  the  eyes, 
and  the  form  of  the  body,  and  abnormalities,  such  as  monstrosities,  vision  de- 
fects. Physiological  similarities  include  peculiar  kinds  of  locomotive  action, 
characteristic  gait,  longevity,  stoutness,  thinness,  and  abnormalities,  such  as  con- 
sumptive tendencies.  Physiological  similarities  depend  upon  habit,  mental  char- 
acteristics, genius,  aesthetic  and  moral  qualities,  and  abnormalities  such  as  a 
tendency  to  crime,  insanity.  Tn  connection  with  the  transmission  of  hereditary 
tendencies,  it  is  to  be  noted  that  the  fact  that  they  do  not  appear  in  the  individual 
life  does  not  prove  that  they  are  not  inherited.  ' It  is  possible  that  these  charac- 
teristics may  exist  in  latency,  so  that  they  may  be  transferred  from  one  gener- 
ation to  the  second  succeeding  generation  ivithout  any  manifestation  in  the  inter- 
mediate generation.  Darwin  classes  the  peculiar  latency  of  sex  as  one  of  the 
essential  characteristics  of  heredity.  He  says  that  “in  every  female  all  the 
secondary  male  characteristics,  and  in  every  male  all  the  secondary  female 
characteristics,  apparently  exist  in  a latent  state,  ready  to  be  evolved  under  cer- 
tain conditions.”  According  to  this  a female  may  inherit  the  secondary  char- 
acteristics from  her  paternal  grandmother  that  have  remained  latent  in  her 
father,  and  similarly  a male  may  inherit  secondary  characteristics  of  the  maternal 
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grandfatliei  that  have  been  in  latency  in  tlic  motlicr  for  a lime,  from  a patho- 
logical standpoint  it  is  said  that  hydrocele,  peculiarly  a male  disease,  may  he  in- 
herited in  the  male  from  the  maternal  grandfather,  though  it  is  evident  that  it 
must  have  existed  in  latency.  In  such  cases  the  latency  involves  potential 
activity,  with  capacity  for  manifestation  where  suitable  organisms  or  environ- 
ments are  found. 

On  this  principle  we  find  the  individual  characteristics  reappearing  after 
the  lapse  of  some  generations,  not  manifested  in  the  immediate  ancestors.  This 
subject  has  given  rise  to  some  of  the  most  important  researches  in  the  field  of 
comparative  biology.  Darwin,  for  example,  regards  the  half-caste  progeny  as 
reversions  toward  primitive  savagery,  characteristic  of  the  primitive  ancestry  of 
the  uncivilized  races,  the  primitive  condition  remaining  in  a state  of  latency. 
The  tendency  to  revert  to  these  original  characteristics  is  more  common  before 
reaching  the  adult  condition  of  life — when  adult  life  is  reached,  the  tendency 
being  largely  overcome  by  the  influence  of  environments.  In  connection  with 
heredity  we  must  take  account  of  the  fact  that  there  is  a possible  regeneration  of 
lost  parts.  Physiologically  this  is  taking  place  in  the  body  all  the  time — the 
wasting  and  degeneration  of  parts  giving  place  continually  to  regeneration  of 
parts  in  the  renewal  of  ihe  organism.  It  is  however,  from  a pathological  stand- 
point that  regeneration  is  most  interesting  on  the  heredity  principle.  The 
capacity  of  regeneration  is  subject  to  limitation  among  the  human  subjects:  but 
there  is  a large  field  in  which  it  takes  place;  the  re-growth  of  the  epithelial  cov- 
ering of  a surface,  the  regeneration  of  a divided  nerve,  the  union  of  severed  hones, 
the  growth  of  degenerated  muscle,  and  the  development  of  the  connective  tissue, 
furnish  examples  in  the  case  of  man.  This  regenerative  power  is  much  stronger 
in  the  lower  forms  of  life,  as  in  the  case  of  the  common  earth-worm,  which  when 
cut  in  two  may  regenerate  from  a single  half.  There  seems  to  he  possessed  by 
the  existing  portions  of  an  organism,  if  these  parts  are  not  differentiated  too 
much,  the  power  of  regenerating  the  lost  portions,  this  power  representing  a 
second  embryonic  development  in  many  cases. 

Much  discussion  has  taken  place  as  to  the  possibility  of  transmitting  ac- 
quired characteristics  that  have  been  developed  in  the  parent  life  prior  to  the 
independent  existence  of  the  offspring.  This  is  possible  in  the  unicellar  organ- 
isms, unquestionably,  for  in  this  case  the  cellular  substance  simply  divides  the 
offspring,  taking  the  part  of  the  substance  as  the  basis  of  its  independent  life. 
In  the  case  of  multicellar  organisms  it  is  different — the  transmission  taking  place 
in  this  case  not  in  connection  with  the  protoplasm,  but  through  germ  cells. 
Here  the  question  arises  as  to  the  relation  between  the  germ-plasm  and  the 
somatoplasm.  Are  the  changes  of  the  body  plasm  of  such  a kind  as  to  involve 
similar  or  analogous  changes  in  the  germ  cells  developed  from  the  body  plasm? 
Weissmann  has  classified  such  changes  under  three  different  heads:  those  repre- 
senting lesions,  those  representing  functional  change,  and  those  depending  on 
the  environments.  Upon  the  solution  of  this  problem  depend  very  large  issues 
in  the  individual  and  social  life.  As  vet  there  is  no  proof  that  such  character- 
istic changes  do  pass  by  inheritance,  although  t here  is  much  evidence  that  points 
in  this  direction.  It  is  claimed  by  some  that  aesthetic  tendencies,  genius,  am- 
bition, represent  some  of  these  characteristic  features  transmitted  from  parent  to 
child.  Experiments  conducted  bv  Wcissmann — for  example,  cutting  off  the  tails 
of  mice  for  five  successive  generations — do  not  change  the  characteristics  of  these 
animals.  The  forcible  compression  of  the  Chinese  girl's  feet  does  not  render 
unnecessary  the  process  in  every  new  generation.  Brown-Sequard  artificially 


EVOLUTION  IN  CONNECTION  WITH  REPRODUCTION. 


815 


caused  epilepsy  in  the  case  of  guinea  pigs  by  operations  in  connection  with  the 
nervous  system,  the  same  tendency  being  transmitted  to  the  offspring.  But  this 
falls  short  of  proving  transmission  of  defects,  because  the  system  was  weakened, 
and  it  resulted  simply  in  the  production  of  the  weakened  physical  system.  In 
this  connection  much  discussion  has  arisen  as  to  the  possibility  of  transmitting 
diseased  conditions.  Diseased  body  plasm  in  the  parent  may  produce  weakened 
germ  cells  which  constitutionally  represent  predisposition  to  disease,  and  later 
may  develop  these  ancestral  diseases — disease  actually  attacking  the  offspring 
body.  Immunity  to  disease,  as  well  as  tendencies  to  certain  diseases,  may  also 
be  transmitted.  Much  experimentation  has  taken  place  in  regard  to  the  trans- 
missibility  of  infection,  the  result  being  that  infection  seems  to  adhere  to  families 
for  generations,  although  here  it  is  probable  that  the  predisposition  is  what  is 
transmitted.  In  recent  cases  it  is  claimed  that  the  micro-organism  producing 
the  diseased  condition  is  actually  communicated. 

Of  this  kind  we  have  two  classes: 

1.  The  germinal,  in  which  the  micro-organism  is  transmitted  -in  the  in- 
ception of  the  germ  life. 

2.  Placental,  in  which  by  means  of  the  blood  infective  germs  are  trans- 
mitted through  the  circulation.  Germinal  transmission  has  been  decided  by 
most  pathologists,  at  least  in  the  case  of  tuberculosis.  It  is  admitted,  however, 
that  the  micro-organisms  can  be  communicated  by  the  circulation  in  the  intra- 
uterine life.  Many  theories  have  been  put  forward  to  account  for  and  explain 
the  principle  of  heredity.  The  modern  theories  all  date  from  the  time  when 
Spencer  first  published  his  Biological  Principles.  The  basis  of  all  theories  of 
heredity  is  found  in  the  germ  plasm.  The  parent  plasm  contributes  to  the  new 
life  in  the  spermatozoon  and  the  ovum,  these  representing  the  characteristic 
qualities  of  the  parent  plasm.  According  to  the  commonly  accepted  theory,  the 
nuclei  of  the  spermatozoa  and  the  ova  represent  the  germ  life,  the  body  of  the 
ova  and  the  tail  of  the  spermatozoa  representing  the  trophic  substance  and  the 
active  locomotive  power  respectively  of  the  germ  plasm.  Hence  the  essential 
part  of  this  germ  plasm  is  the  nuclei — the  transmission  taking  place  in  connec- 
tion with  the  characteristics  of  these  nuclei. 

There  are  two  theories  in  regard  to  the  origin  of  the  germinal  substance: 
The  Spencerian  theory  that  there  are  formed  in  the  reproductive  organs  physio- 
logical units,  the  germ  plasm  representing  all  the  different  parts  of  the  body, 
so  that  the  germ  cell  represents  a minature  body  organism  with  all  the  essential 
characteristics  of  the  organism  as  a whole  and  in  its  different  parts.  The  theory 
of  Weissmann  repudiates  the  Spencerian  theory  that  the  germ  plasm  is  from  all 
parts  of  the  body,  and  says  that  this  germ  plasm  originates  from  the  parental 
gen.n  plasm — this  germ  plasm  being  traceable  hack  from  generation  to  gener- 
ation till  we  come  to  the  original  unicellar  organism  out  of  which  are  developed 
all  of  the  germ  plasms.  Thus  the  germ  plasm  represents  the  primitive  germ  of 
life  transmitted  from  generation  to  generation,  the  body  organs  being  derived 
from  it,  but  these  body  organisms  not  contributing  to  its  continuance. 

As  to  the  nature  ol  the  germ  plasm  we  find  two  theories  also.  Weissmann 
belies es  that  structurally  it  is  a complex  body — the  ovum  when  fertilized  con- 
taining within  it  in  germ  the  future  embryonic  cells,  tissues,  etc.,  the  develop- 
ment of  which  represents  the  growth  of  the  body  from  these  original  cell  ele- 
ments. In  this  way  the  ovum  consists  of  various  parts;  these  parts  are  segments, 
representing  by  segments  the  different  parts  of  the  future  organism.  According 
to  the  other  theory  the  fecundated  ovum,  although  consisting  of  parts,  has  no 
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essential  differentiation  of  segments,  so  that  the  development  from  these  simple 
parts  is  largely  if  not  altogether  a development  under  the  influence  of  external 
influences.  According  to  the  experiments  of  Hertwig  and  others,  the  separate 
ovum  segments  may  be  developed  into  a normal  but  considerably  dwarfed  organ- 
ism. According  to  this  theory  the  ovum  segmentation  is  quantitative,  not 
qualitative  as  A eissmann  claims.  According  to  these  two  theories,  in  one  ease 
there  is  an  organic  structure  from  the  first  inception,  whereas  in  the  other  cast 
there  is  no  organic  structure,  the  development  taking  place  according  to  circum- 
stances. These  represent  the  two  theories  of  modern  times.  In  the  former  case 
inheritance  of  resemblance  is  explained  by  the  fact  that  the  germ  plasm  is  the 
same  in  the  line  of  descent;  in  the  latter  case  it  is  explained  by  the  modification 
of  the  germ  plasm  under  the  influence  of  environment.  It  is  claimed  that  re- 
semblance is  relative,  never  absolute,  there  being  always  a variation  in  the  off- 
spring from  the  parent.  This  resemblance  may  be  germinal  in  its  variation, 
originating  in  the  germ  plasm;  or  it  may  be  an  acquisition  after  inception,  the 
result  of  environmental  influences.  Hence  we  have  germinal  resemblance,  and 
also  germinal  variation  in  resemblance.  These  germinal  variations  depend  upon 
the  variation  in  the  trophic  condition  of  the  germ  plasm,  the  trophic  condition 
being  different  in  different  germs.  There  is  always  a variation  depending  upon 
sexual  conditions.  The  inception  of  the  germ  plasm  depends  upon  the  con- 
junction of  two  individuals,  so  that  variations  are  represented  in  the  individuals, 
as  these  in  turn  represent  different  ancestral  lines,  and  they  produce  modification 
in  the  germ  plasm. 

Several  theories  have  tried  to  explain  the  principle  of  heredity.  The  first 
place  is  due  to  the  theory  of  Darwin,  based  upon  pangenesis,  or  the  theory  of  the 
generation  of  all  living  forms  from  a primordial  living  matter.  Darwin  began 
by  stating  that  the  cells  of  the  body  increase  by  cell  division,  these  cells  repre- 
senting after  development  the  different  body  .tissues  and  organs.  In  addition  to 
this  he  presupposed  the  separation  from  its  cells  of  minute  granules  which  are 
distributed  over  the  whole  body,  these  being  nourished,  developed  and  again  di- 
vided, finally  forming  cell  units  similar  to  the  original  cell  units.  These  minute 
granules  he  called  gemmules.  Separated  as  they  are  from  all  parts  of  the  body, 
they  are  collected  in  the  sexual  organs,  these  minute  gemmules  having  a natural 
affinity  for  each  other,  so  that  as  they  are -separated  from  the  different  body 
units  they  are  collected  together  to  form  sexual  elements.  Hence  the  reproduc- 
tive organs  are  simply  glands  for  the  collecting  of  these  organic  elements  from 
the  different  parts  of  the  body — these  when  collected  together  forming  the  basis 
of  the  transmission  of  the  body  characteristics  to  future  generations.  Darwin 
explains  the  regeneration  of  lost  parts  of  the  body  on  his  theory  by  the  fact  that 
when  the  gemmules  of  this  lost  part  are  scattered  through  the  body  they  unite 
with  the  dormant  cells  at  the  point  of  regeneration.  These  gemmules  may  re- 
main latent  from  one  generation  to  another,  awakening  in  the  future  generation 
by  reversion.  By  the  combination  of  the  paternal  and  maternal  gemmules  i(  ac- 
counts for  germinal  variations:  and  also  I he  accumulation  of  gemmules  in  con- 
nection with  these  acquired  variations  being  a basis  for  the  transmission  of 
acquisitions. 

The  second  place  is  due  to  the  theory  of  August  AVeissmann.  According 
to  him,  the  germ  plasm  is  identified  with  the  characteristic  substance  of  the 
nucleus  of  t he  germ  cells.  The  keynote  of  his  theory  is  “the  continuity  of  germ 
plasm,”  according  to  which  a germ-plasm  of  an  individual  originates  from  a 
germ  plasm  of  a parent,  the  origin  being  traced  backward  in  direct  line  of  origin 
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of  sox.  The  germ  plasm  is  distinct  from  the  body  plasm,  which  represents  the 
entire  body  organism  except  the  germ.  The  germ  continues  the  same  from  one 
generation  to  another,  whereas  the  body  plasm  varies  in  the  individual,  being 
developed  from  the  germ  plasm.  Thus  the  body  plasm  lives  and  dies,  whereas 
the  germ  plasm  is  immortal.  In  this  germ  plasm  there  is  definite  structure,  so 
that  cac-h  part  of  the  future  body  plasm  is  localized  in  the  germ  plasm  in  heredi  - 
tary units,  representing  either  cells  or  groups  of  cells  that  may  vary.  These 
hereditary  units  consist  of  smaller  units,  representing  the  most  minute  units 
capable  of  vital  activity.  These  were  called  by  Weissmann  biophors,  the  heredi- 
tary units  being  called  decriminants.  A group  of  decriminants  he  called  an  id, 
the  chromosomes  of  the  nuclei  being  called  idants.  All  these  units  possess 
vitality,  and  are  capable  of  division  in  the  process  of  increase.  In  fecundation 
there  is  a union  of  the  idant  of  the  spermatozoon  and  the  idant  of  the  ovum,  the 
result  being  a combination  of  maternal  and  paternal  idants.  In  this  complex 
combination  the  elements  follow  two  courses;  some  ids  become  germ  cells  for  the 
development  of  other  forms  of  individual  life  in  the  future,  while  other  ids  break 
up  into  decriminants,  these  again  dividing  into  simple  units  which  represent  the 
cells  of  the  organism.  This  division  takes  place  largely  under  the  influence  of 
environment,  so  that  the  environmental  determines  which  potentiality  shall  be- 
come actual  in  the  future  developed  life.  When  it  has  become  a body  plasm 
it  cannot  again  return  to  the  germ  plasm,  so  that  the  germ  plasm  cannot  be 
affected  by  the  body  plasm,  nor  can  it  receive  the  body  plasm  characteristics.  So 
that,  according  to  Weissmann,  it  is  impossible  to  inherit  acquired  characteristics. 
Thus  the  essential  principles  of  Weissmann's  theory  are  two-fold: 

(1)  That  the  germ-plasm  is  not  affected  by  the  character  of  the  body-plasm, 
although  originating  it. 

(2)  That  the  germ  plasm  remains  the  same  from  generation  to  generation; 
in  fact  is  immortal. 

Win,  then,  we  might  ask,  do  we  not  find  all  individuals  alike?  Weissmann 
says  that  the  geim  plasm  does  not  remain  absolutely  fixed,  but  is  liable  to  changes 
arising  from  trophic  variations,  these  being  the  initial  changes  which  finally  pro- 
duce individual  characteristics.  By  the  accumulation  of  such  variations,  with 
the  variations  arising  from  sexual  conditions  which  we  find  in  the  production  of 
c\ery  individual  life,  the  blending  of  two  separate  and  distinct  beings,  we  have 
tbe  basis  of  individual  characteristics.  As  soon  as  the  variations  become  definite 
natural  selection  comes  into  play  to  make  more  definite  this  individual  charac- 
teristic Where  these  variations  remain  latent  we  find  the  reversion  to  antece- 
dent characteristics.  In  the  case  of  regeneration  of  lost  parts,  it  is  assumed  that 
tho  cells  around  the  lost  part  have  the  latent  power  of  regeneration. 

Opposed  to  this  theory  we  find  the  epigenetic  theory,  according  to  which 
m the  fecundated  ovum  all  the  parts  are  alike.  Thus  the  germ  plasm  consists 
of  a number  of  quantitative  parts,  any  one  of  which  is  sufficient  to  generate  an 
entire  organism,  although  normally  all  the  parts  blend  in  the  production  of  the 
organism.  According  to  this  theory  no  predeterminate  form  exists,  the  form  and 
function  being  developed  late  in  the  embryonic  life — these  being  determined  bv 
Ik'  internal  reaction  of  the  parts  and  also  by  the  environment.  According  to 
Her  twig,  the  chief  differentiation  of  organ  and  function  takes  place  in  the  local- 
ization  of  the  different  cells,  all  the  cells  being  alike  till  the  localization  produces 
differentiation,  There  seems  to  he  an  element  of  truth  in  both  theories-  that 
there  are  certain  inherent  characteristics  in  the  germ  plasm  sufficient  to  form  a 
certain  predetermination,  and  that  this  is  modified  by  the  environment  surround- 
ing the  embryonic  life. 
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SECT I ON  TIT. — Temperament. 

Temperament  is  the  name  that  is  given  ,to  certain  physical  and  psychic  dif- 
ferences found  in  individuals,  these  depending  upon  variations  in  the  different 
parts  and  relations  of  the  organisms,  and  also  upon  the  changes  that  take  place 
in  the  activity  of  certain  parts  of  the  organism.  To  each  individual  there  be- 
longs a special  mode  of  life  which  distinguishes  him  from  every  other  individual. 
Sometimes  the  term  eccentricity  or  idiosyncrasy  is  used  to  designate  the  in- 
dividual temperaments.  This  is  based  upon  physiological  and  sometimes  patho- 
logical conditions.  Where  we  find  any  particular  organ  or  set  of  organs  predom- 
inating, there  is  a modification  of  the  entire  system,  producing  marked  differ- 
ences in  the  organization  as  well  as  the  functions  of  the  organism  or  of  the 
organs.  Where  this  predominance  is  established  we  have  the  physiological  basis 
of  temperament. 

In  the  case  of  the  heart. and  the  blood-vessels  being  very  active,  we  find 
a characteristic  pulse  and  also  a characteristic  complexion,  together  with  a tend- 
ency to  nervous  susceptibility,  being  easily  affected  by  impressions;  in  this  case 
we  find  the  psychic  condition  of  imaginativeness  associated  with  quick  memory; 
in  some  cases  this  condition  becomes  pathological,  diseases  being  associated  with 
the  blood  condition.  Such  cases  were  termed  by  the  ancients  sanguineous  tem- 
peraments, and  the  favorite  method  of  removing  the  pathological  condition,  until 
comparatively  recent  times,  was  by  bleeding.  It  was  supposed  that  this  con- 
dition was  produced  by  an  increase  of  heat  and  moisture,  and  it  was  also  claimed 
that  it  existed  more  frequently  in  the  spring  season  of  the  year,  when  on  account 
of  the  external  surroundings  the  body  became  more  characteristically  active,  and 
the  mind  more  energetic.  In  order  to  moderate  this  condition,  all  that  is  neces- 
sary is  to  produce  a normal  equilibration  of  the  circulatory,  lymphatic  and  blood 
systems,  and  at  the  same  time  to  quiet  the  nervous  excitement.  Associated  with 
this  temperament  there  were  supposed  to  be  the  moral  qualities  of  inconstancy 
and  unsteadiness.  It  was  said  tc  be  impossible  for  an  individual  of  a sanguine 
temperament  to  give  up  sensuous  pleasures  and  to  set  aside  those  intoxicating 
ideals  that  are  supposed  to  be  associated  with  those  of  an  imaginative  disposition. 
This  is  supposed  to  depend  upon  the  increased  lung  capacity  and  the  accom- 
panying increase  in  the  lung  interchanges,  as  well  as  in  the  increased  circulation 
of  the  blood  through  the  heart  and  body  system. 

In  the  case  of  individuals  of  this  temperament,  it  is  found  that  by  applying 
themselves  to  actions  that  involve  the  exercise  of  the  muscles  there  is  an  in- 
crease in  muscle  size  and  development,  with  the  result  that  the  sanguine  tempera- 
ment is  reduced.  In  this  way  the  muscular  or  athletic  temperament  is  developed, 
with  this  characteristic;  that  the  body  becomes  evenly  developed,  the  chest  be- 
comes prominent,  the  shoulders  are  broadened,  and  there  is  a normal  proportion 
between  the  different  parts  and  tissues  of  the  body.  It  was  from  this  standpoint 
that  the  Greek  ideal  of  athleticism  was  developed.  The  Herculean  ideal  was 
that  of  a 'physical  body  duly  developed  in  all  its  parts,  and  one  of  the  chief  ideas 
associated  with  the  twelve  Herculean  labors  was  that  by  these  labors  there  was 
the  proper  adjustment  of  the  different  parts  of  the  body — the  physical  powers 
and  the  intellectual  functions  being  exercised  to  such  an  extent  as  to  keep  both 
body  and  mind  in  a normal  condition. 

Where  there  is  increased  sensibility,  particularly  if  it  is  associated  with  what 
is  called  a hard  pulse,  there  is  a characteristic  partially  marked  muscular  con- 
dition, and  associated  with  it  a passionate  temperament.  In  this  condition  the 
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psychic  characteristic  is  that  of  abruptness  and  impetuosity,  without  the  even 
balance  which  keeps  courage  within  normal  limits.  From  this  standpoint  am- 
bition represents  what  the  older  physiologists  characterized  as  a bilious  tempera- 
ment, in  which  passion  and  emotion  to  a very  large  extent  govern  the  actions. 
In  this  condition  the  chief  characteristics  are  those  of  passion,  as  distinguished 
from  reason,  ambition  as  distinguished  from  honor.  In  this  temperament  it  is 
claimed  there  is  the  premature  development  of  the  mental  as  well  as  the  physio- 
logical functions.  It  is  supposed  that  there  is  associated  with  this  condition 
undue  liver  development,  and  hence  an  excessive  amount  of  the  bile,  with  the 
result  that  the  lymphatic  and  circulatory  systems  are  placed  at  a disadvantage. 
In  this  condition  there  is  the  irascibility  of  temper,  such  as  is  associated  with  the 
Achillean  picture  of  Homer. 

If  there  is  associated  with  this  bilious  temperament  an  abnormal  or  de- 
ranged functional  condition  of  the  visceral  organs  and  ,of  the  nervous  system,  so 
that  the  vital  functions  are  weakened  or  interfered  with,  then  we  have  the 
melancholic  or  gloomy  temperament.  Associated  with  this  we  find  the  sluggish- 
ness of  digestive  action  and  also  of  excretory  action,  the  hard  and  contracted 
pulse,  the  unevenness  of  the  mind  and  the  lowering  disposition,  especially  im- 
aginative. This  temperament  is  supposed  to  be  an  acquired  rather  than  a primi- 
tive or  natural  condition  of  the  body  organism.  It  is  very  difficult  to  describe 
what  is  supposed  to  be  involved  in  this  temperament,  although  it  has  been 
claimed  that  it  is  more  or  less  associated  with  all  of  the  great  thinkers  and  poets 
of  the  world.  Rousseau  is  taken  by  some  as  an  example  of  this  temperament. 
Possessed  of  a very  strong  psychic  nature,  and  at  the  same  time  of  a feeble  body, 
at  first  open  and  subject  to  all  of  the  influences  borne  to  the  inner  nature  through 
the  body  mechanism,  the  mind  becomes  downcast  on  account  of  unhappy  con- 
ditions and  unfortunate  circumstances,  associated  with  the  individual  life  as  well 
as  the  social  condition.  In  his  writings  we  have  the  evidence  of  genius  struggling 
against  misfortune,  affliction  and  bodily  weakness,  the  physical  determining  to  a 
large  extent  not  the  existence  but  the  sentiments  of  the  psychic.  The  history 
of  Rousseau  seems  to  prove  the  fact  that  this  temperament  represents  a diseased 
condition,  possibly  first  of  the  body,  and  certainly  an  abnormal  condition  of  the 
mind. 

Where  we  find  the  fluids  and  the  solids  in  disproportion,  to  such  an  extent 
that  the  fluids  are  excessive,  the  lymphatic  system  being  especially  superabund- 
ant, there  is  found  to  be  an  excessive  development  of  the  body.  At  the  same 
time  we  find  accompanying  the  increase  of  tissue  substance  a diffluence  of  the 
tissues,  accompanied  by  a weak  and  soft  pulse,  expressionless  countenance,  lan- 
guid activity  and  lack  of  attention  from  the  psychic  standpoint.  This  would 
represent  the  lymphatic  temperament,  in  which,  on  account  of  the  excessive  de- 
velopment of  the  lymphatic  system,  there  is  an  aversion  to  that  characteristic 
activity  which  is  associated  with  the  body  in  its  normal  physical  and  psychic 
condition. 

These  represent  examples  of  the  temperament  that  is  associated  with  the 
individual,  depending  upon  the  body  condition  and  also  the  mind  condition, 
there  is  involved  either  an  increased  or  a decreased  sensibility,  and  this  reacts 
upon  both  the  physical  and  the  psychic  nature.  These  temperaments  are  more 
or  less  acquired,  although  in  some  cases  they  may  be  hereditary.  The  nervous 
temperament  is  the  one  that  is  most  commonly  found  among  individuals  in 
modern  times.  Tt  is  generally  acquired,  associated  with  a more  or  less  inactive 
life;  or  .with  a life  that  is  abnormal  either  on  the  physical  side  or  on  the  mental 
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side,  lliis  temperament  is  manifest  m a condition  of  emaciation  in  the  bodv 
the  muscles  becoming  more  or  less  atrophied,  and  all  the  other  functions  of  the 
body  being  involved,  especially  the  digestive,  secretory  and  excretory.  Some- 
times these  conditions  are  spasmodic;  at  other  times  they  represent  continuous 
conditions  that  are  found  throughout  the  entire  course  of  life. 

Those  dispositions  or  temperaments  which  are  based  more  or  less  upon 
physiological  conditions  are  in  one  sense  dependent  upon  particular  bodv  con- 
ditions; but  they  are  subject  to  modifications  in  connection  with  habits"  man- 
ners  of  life,  education,  climate,  etc.  There  is  no  influence  that  exerts  such  a 
modifying  effect  upon  temperament  as  climate  and  change  of  climate.  This 
forms  the  basis  of  medical  recommendations  to  change  the  climate  in  order  to 
avoid,  certain  pathological  temperaments.  In  all  forms  of  temperament,  as  we 
have  seen,  there  is  more  or  less  prominence  given  to  one  organ  or  set  of  organs 
so  that  there  is  here  a deviation  from  the  ideal  condition  in  which  all  the  different 
parts  of  the  organism  are  equally  balanced  so  as  to  produce  equilibrium.  Where 
the  temp  eminent  itself  is  not,  however,  abnormal,  the  equilibrium  is  not  of  ne- 
cessity interfered  with,  but  there  is  found  to  be  in  certain  temperaments  a pre- 
disposition to  certain  diseases.  For  example,  in  the  case  of  those  of  the  nervous 
temperament  there  is  a predisposition  to  insanity.  In  the  case  of  those  of  a 
lymphatic  temperament  there  is  a predisposition  to  scrofulous  conditions,  in 
connection  with  which  we  have  the  inactivity  of  the  glands,  with  the  result  that 
there  is  a liquid  stagnation,  and  at  the  same  time  there  is  developed  the  thick- 
ened condition  of  the  .cuticle. 


SE OTION  IV. — Old  Age  and  Death. 

OLD  AGE.  In  recent  years  it  has  been  claimed  that  decadence  begins  at 
birth.  As  soon  as  the  independent  existence  has  been  formed,  it  is  claimed  that 
there  is  a change  taking  place  in  connection  with  the  organism.  As  growth 
advances  the  power  to  grow  becomes  rapidly  less.  This  is  true  in  the  general 
sense,  because  the  organic  functions  are  really  interrupted  to  a certain  extent 
from  their  origin.  The  totality  of  the  powers  of  life  seems  to  be  diminished 
from  the  very  starting  point  of  existence.  Senescence,  however,  becomes  more 
marked  after  fifty  or  sixty  years  of  age,  when  there  is  a gradual  decline  of  the 
powers  of  vitality.  Those  changes  represent  degeneration  and  atrophy.  In  old 
age  the  cell  changes  are  marked,  the  nuclei  becoming  small  and  irregular,  and 
the  cyptoplasm  increasing  in  size  and  becoming  pigmented.  This  change  is  said 
to  be  more  marked  in  the  brain,  for  there  is  a decrease  in  the  weight  of  the 
brain,  the  nucleus  becoming  smaller  and  the  substance  becoming  degenerated, 
accompanied  by  a decrease  in  the  brain  power.  There  is  a decrease  in  the  brain 
weight  from  about  fifty  years  onward.  This  involves  a diminution  of  brain  power, 
both  in  the  origination  of  impulses  and  in  their  conduction  along  the  nerve 
paths.  The  sense  organs  become  less  sensitive,  particularly  noticeable  in  con- 
nection with  the  hardening  of  the  limbs  and  the  enfeeblement  of  the  ciliary 
muscles,  which  decreases  the  accommodation  power.  There  is  a general  atro- 
phied condition  of  the  muscles,  resulting  in  a loss  of  strength.  Accompanying 
these  is  the  process  of  calcification  in  connection  with  the  tendons,  ligaments 
and  arterial  walls;  the  disappearance  of  the  adipose  tissue,  and  fatty  degenera- 
tion in  the  cells  of  muscle  and  nerve.  There  is  also  a decrease  in  the  size  of  the 
muscles  and  an  accompanying  decrease  in  the  activity  of  the  digestive,  secretory 
and  circulatory  as  well  as  excretory  organs.  There  is  a general  decrease  in  the 
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size  of  the  organs,  although  the  heart  and  the  kidneys  seem  to  preserve  their 
normal  size. 

Associated  with  these  changes  is  the  diminshed  function  of  the  lungs  and 
the  lessening  of  the  excretory  products,  as  well  as  the  diminution  of  the  heart 
rhythm  and  the  respiration.  Two  of  the  most  important  changes  associated 
with  old  age  are  fatty  degeneration  and  calcification.  These  are  found  in  con- 
nection with  the  cartilages — the  cartilage  cell  simply  surrounding  fat  particles, 
there  being  found  the  calcic  phosphates  and  carbonates,  which  represent  nutri- 
tive inactivity.  The  fatty  degeneration  seems  to  indicate  that  in  the  tissue 
decline  there  is  a tendency  to  revert  to  the  simpler  function  of  fat  formation, 
with  the  result  that  we  find  the  fatty  degeneration.  In  most  of  the  system  we 
find  the  tendency  to  replace  the  structural  parts  by  deposits  of  some  kind.  This 
is  especially  found  in  connection  with  the  arterial  system.  In  this  way  nutrition 
is  affected,  and  at  the  same  time  there  is  an  effect  upon  circulation.  In  the 
muscular  and  nervous  tissues  this  is  most  apparent.  It  is  claimed  that  after 
forty  years  of  age  the  skeletal  muscles  begin  to  lose  their  dynamic  force,  and 
that  very  soon  thereafter  the  smooth  muscle  fibres  also  begin  to  lose  their  normal 
activity.  Although  the  cardiac  muscle  does  not  change  so  much,  there  is  an 
interference  with  its  activity,  diminished  force  characterizing  the  heart,  the 
intestines,  the  bladder,  etc.  It  is  in  connection  with  the  glandular  structures 
that  we  find  the  greatest  tendency  to  preserve  vitality.  This  forms  the  reason 
why  so  often  in  old  age  there  is  the  capacity  of  eating  and  drinking  to  a much 
larger  extent  than  was  possible  in  connection  with  the  earlier  stages  of  life. 

The  decline  is  found  to  take  place  at  the  same  rate  as  the  development 
in  youth,  and  from  youth  upward.  Succeeding  old  age  we  find  actual  decay,  in 
which  the  organ  sensibility  is  lessened,  and  there  is  a gradual  decline  both  in 
the  physiological  and  psychic  functions.  This  is  the  reason  why  impression 
becomes  more  difficult,  judgment  becomes  uncertain,  and  the  processes  that  are 
found  associated  with  the  sustenance  of  vitality  are  slower  and  more  uncertain. 
There  is  an  increase  in  the  weight  of  the  bones  on  account  of  the  accumulated 
phosphate  of  lime,  with  the  exception  of  the  skull,  which  is  claimed  to  become 
lighter  on  account  of  the  continued  movements  upon  the  internal  surface  of  the. 
skull.  In  the  ossification  of  the  cartilages,  particularly  of  the  ribs  and  vertebrae, 
the  ribs  become  strongly  bound  to  the  sternum,  and  are  thus  incapable  of  per- 
forming their  normal  functions.  With  the  decreased  distension  of  the  thorax 
there  is  the  loss  of  tone  found  in  the  lungs,  and  the  decrease  of  respiratory  ac- 
tivity. The  rigidity  of  the  body  and  the  difficulty  of  moving  are  not  dependent 
upon  the  hardening  of  the  ligaments,  because  the  ligaments  become  relaxed  to 
a considerable  extent  in  extreme  old  age.  Other  organs  which  during  develop- 
ment toward  maturity  became  firm,  in  old  age  become  soft,  as  in  the  case  of  the 
heart,  which  in  many  old  people  becomes  collapsed.  The  brain  becomes  in- 
durated, and  on  this  account  is  more  firm  and  solid,  with  the  result  that  it  is  less 
impressible.  I his  forms  the  basis  of  the  idea  that  in  old  age  man  returns  to  a 
second  childhood,  in  which  there  is  the  loss  of  impressibility,  and  the  organism 
is  reduced  to  a simple  vegetative  life.  Thus  the  organism  gradually  declines  and 
slowly  dies,  life  becoming  gradually  extinguished,  death' being  the  last  shade 
of  bfe. 

DhA  I H.  Sooner  or  later  in  the  history  of  life  there  ensues  a change  which 
repiesents  the  close  of  the  gradual  decline  of  vitality.  Death  represents  a cessa- 
ion  of  all  the  vital  phenomena  of  the  body.  Death  may  be  used  in  reference 
o tl.e  organism  as  a whole,  or  it  may  be  applied  to  the  death  of  the  individual 
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tissues  and  organs  of  which  it  is  composed.  The  body  death  takes  place  when 
one  or  more  of  the  functions  become  deranged,  resulting  in  the  breaking  down 
and  the  dissolution  of  the  entire  organism.  The  continuation  of  a diseased  con- 
dition of  any  of  the  organs  of  the  body,  or  a simultaneous  interference  with  the 
functional  activity  of  these  organs,  either  from  accident  or  from  disease,  may 
hinder  the  restoration  of  that  functional  symmetry  that  is  necessary  to  life,  it 
usually  results  in  a failure  of  action  on  the  part  of  the  heart,  the  lungs  or  the 
brain,  or  from  the  death  of  the  blood.  Death  originating  at  the  heart  is  called 
syncope,  at  the  brain  coma,  and  at  the  lungs  asphyxia.  The  usual  sign  of  somatic 
death  is  associated  with  the  cessation  of  the  heart  heat,  but  this  is^  only  one  of 
the  essential  conditions  associated  with  the  body  death.  The  muscles  and  organ 
of  the  body  may  live  for  some  time  after  somatic  death,  but  gradually  they  also 
yield,  losing  irritability,  the  muscles  becoming  stiffened  on  account  of  eoagula- 
tition  of  the  myosin — this  phenomenon  being  called  rigor  mortis.  Throughout 
the  body  life  there  is  a constant  disintegration  of  cells,  so  that  death  is  taking 
place  within  the  body  while  life  lasts.  As  soon  as  the  individual  life  closes  the 
nervous  system  dies.  This  is  not  the  case  with  the  muscle  tissue.  The  stoppage 
of  the  heart  is  gradual,  the  right  auricle  being  the  last  to  die.  For  some  time 
after  death  the  heart  will  be  found  to  be  irritable,  and  the  smooth  muscles  of 
the  stomach  and  intestines  will  also  continue  to  evidence  irritability:  the  striped 
muscles  continue  for  a much  longer  time  to  be  capable  of  irritation.  The  gland- 
ular cells  die  very  soon.  After  death  the  muscles  and  tissues,  when  the  rigor 
mortis  has*passed  away,  become  soft  and  flaccid — the  body  being  subject  to 
putrefactive  changes  which  result  in  its  dissolution  into  the  elements  out  of 
which  it  was  formed. 

All  tissues,  if  wre  except  the  germ-cell  substance  referred  to  in  connection 
with  reproduction,  pass  through  this  change  of  death.  According  to  Weissmann, 
the  germ  plasm  representing  the  hereditary  primitive  plasm  is  immortal  and 
does  not  die.  It  is  the  somatoplasm  in  which  this  germ  plasm  exists  that 
perishes.  The  body  is  thus  composed  of  germ  cells  and  somatic  cells,  the  germ 
cells  being  transmitted  from  parent  to  child.  From  this  Weissmann  claims 
that  the  original  protoplasm  was  not  of  necessity  doomed  to  death.  Death 
becomes  therefore  an  acquired  characteristic  associated  with  somatoplasm.  It 
has  become  through  acquisition  and  transmission  an  established  principle  of 
nature  that  the  parent  must  die  in  order  that  the  species  may  continue  to  live — 
each  birth  representing,  from  this  standpoint,  a partial  death  in  the  reproduc- 
tion of  a new  organism.  The  new  organism  carries  the  same  life  and  communi- 
cates it  from  the  parent  plasm  to  tire  child  plasm  in  connection  with  the  im- 
mutable germ  plasm.  This  is  the  invariable  order  according  to  Weissmann. 
Life  from  this  standpoint  represents  a cycle  starting  in  an  ovum  and  again 
coming  around  to  an  ovum,  the  animal  body  being  in  reality  a means  for  the 
support  and  transmission  of  ova;  so  that  after  the  parent  life  has  been  poten- 
tially renewed  in  the  child  life,  the  body  of  the  parent  is  left  to  die.  On  ac- 
count of  the  complication  of  the  body  mechanism,  death  is  usually  a compli- 
cated and  gradual  process.  In  some  cases  death  comes  suddenly,  the  mechanism 
breaking  down  by  reason  of  disorder;  but  this  does  not  indicate  that  death  itself 
is  abrupt,  because  when  death  is  natural  the  system  has  been  becoming  en- 
feebled gradually.  The  central  element  of  life  is  the  blood  circulation.  If  the 
blood  is  normal  and  kept  in  normal  circulation,  life  is  preserved  in  connection 
with  the  complex  mechanisms  of  life.  This  complex  life  consists  of  the  pre- 
servation of  the  circulation,  the  interchange  between  the  blood  and  the  air,  and 
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the  functional  action  of  respiration  in  connection  with  the  brain.  Death  may 
begin  at  any  of  these  points,  but  the  central  point  in  connection  with  death  is 
associated  with  the  heart  action.  Hence  death  is  represened  by  the  cessation 
of  the  heart-beat,  if  that  cessation  involves  inability  to  recover  from  the  ab- 
normal condition.  As  we  have  seen,  long  before  death  there  is  the  loss  of  the 
reproductive  power;  after  the  loss  of  this  power  there  is  the  gradual  decline  of 
functional  life,  although  the  circulation  and  the  respiration  continue  to  be 
carried  on  with  diminished  activity  until  the  very  close  of  life.  The  brain 
ceases  to  receive  a sufficient  quantity  of  blood  and  the  muscles  lose  their  con- 
tractile powers,  while  the  other  organs  of  the  body  are  not  stimulated  so  as  to 
preserve  their  normal  function.  In  accidental  death  it  always  takes  place  in 
connection  with  the  cessation  of  heart  or  brain  action.  In  natural  death  life 
passes  away  from  the  outer  parts  to  the  inner,  while  in  accidental  death  it  is 
from  the  inner  or  central  to  the  outer. 

In  regard  to  the  period  of  death,  there  is  no  great  difference  in  the 
different  parts  of  the  world,  whether  individuals  live  in  the  temperate,  frigid  or 
torrid  regions.  Few  people  live  to  a hundred  years,  natural  death  coming  from 
seventy-five  to  ninety  years  of  age.  This  does  not  mean  that  all  men  live  to 
the  same  age,  for  the  probabilities  of  life  are  very  uncertain.  Estimates  have 
been  made  of  the  probabilities  of  life.  It  has  been  found  that  about  twenty-five 
per  cent,  of  the  children  that  are  born  die  before  they  reach  one  year  of  age; 
about  thirty  per  cent  before  they  reach  two  years,  and  fifty  per  cent  before  ten 
years  of  age.  Two-thirds  of  the  human  race  die  before  reaching  forty  years, 
and  three-fourths  before  reaching  fifty-five  years  of  age.  The  average  of  life 
to  a new-born  child  is  about  ten  years.  As  the  child  becomes  older  the  expec- 
tation of  life  increases,  so  that  at  the  age  of  seven  the  probabilities  of  life  are 
about  forty-five  years.  After  this  period  there  is  a decrease  in  the  probabilities 
of  life,  so  that  a child  at  fourteen  has  only  the  probability  of  thirty-five  years, 
at  thirty  of  twenty-five  years,  and  at  eighty  of  one  year. 

CHAPTER  XV.  CHEMICAL  CONSTITUTION 
OF  THE  ROPY. 

By  separating  the  body  into  its  various  parts  on  the  basis  of  function,  we 
would  get  the  organs  of  the  body.  By  disintegrating  an  organ  into  its  simpler 
structures,  we  woqld  get  the  tissues  of  the  body  or  of  its  organs.  By  again  re- 
ducing the  tissues  to  their  constituent  principles,  so  as  to  destroy  all  the  traces 
of  structure,  the  principles  thus  obtained  would  be  the  organic  or  proximate 
principles  of  which  the  tissues  were  composed.  By  again  disintegrating  these 
proximate  principles,  so  as  to  find  out  the  elements  entering  into  the  compo- 
sition of  these  organic  principles,  we  should  find  the  most  simple  and  elemen- 
tary substances  representing  the  chemical  or  ultimate  elements  of  the  body 
tissues,  such  as  oxygen,  carbon,  etc.  An  ultimate  chemical  element,  therefore, 
represents  a substance  which  cannot  lie  separated  into  a more  simple  form.  Of 
the  seventy-two  chemical  elements  at  present  known,  only  about  fourteen  enter 
into  the  body  composition.  These  are  oxygen,  carbon,  hydrogen,  nitrogen, 
sulphur,  phosphorus,  chlorine,  sodium,  potassium,  calcium,  magnesium,  iron, 
fluorine  and  silicon,  and  possibly  manganese  and  lead.  The  large  proportion 
of  the  animal  body  consists  of  the  first  four,  these  representing  about  eighty-five 
percent  of  the  body.  These  arc  called  organogens.  Oyxgen  represents  the  most 
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abundant  element  found  in  existence.  Hydrogen  represents  a chemical  element 
that  is  never  found  free  in  nature.  In  combination  it  is  found  associated  with 
such  substances  as  sugar  and  starch.  Nitrogen  represents  the  most  character- 
istic of  the  chemical  elements  in  the  animal  body,  being  called  on  this  account 
the  fundamental  basis  of  the  animal  tissue.  It  forms  an  essential  constituent 
of  the  proteids  and  of  the  flesh-forming  substances,  for  in  the  absence  of  nitro- 
gen the  tissues  could  not  be  renovated.  Carbon  is  usually  regarded  as  the 
chemical  basis  of  the  vegetable  nature,  but  it  is  also  one  of  the  essential'  con- 
stituents o!  animal  substance.  In  addition  to  the  organic  elements  that  arc 
essential  to  the  animal  body,  we  find  what  are  called  the  incidental  element- 
including  sulphur,  phosphorus,  chlorine,  sodium,  calcium,  and  magnesium  The 
chief  mineral  compounds  of  the  animal  body  are  sodium,  chloride,  and  calcium 
phosphate,  with  calcium  carbonate  and  sulphate  together  with  alkaline  carbon- 
ates and  phosphates. 

dhe  diffeient  piocesses  that  are  active  in  the  body  are  either  physical,  chemi- 
Cl1  01  i ^ 0 understand  the  working  of  these  it  is  necessary  to  be  acquainted 
with  the  structure  of  the  body,  its  anatomy  and  physiology,  and  also  its  relative 
c lemical  composition.  The  changes  of  the  body  are  so  largely  chemical  that  to 
uncleistand  these  we  must  have  a knowledge  of  the  bod}'  chemistry.  Like  other 
living  organisms,  the  human  body  yields  many  substances  of  a highly  complex 
c lemical  chaiacter.  Pile  chemical  composition  of  the  tissues  cannot  he  deter- 
mined  accurately  during  life,  as  chemical  analysis  destroys  their  vitality.  For 
those  reasons  the  vital  chemistry  of  the  body  is  only  imperfectly  understood. 

I he  living  corpuscles  of  the  tissues  are  .mainly  composed  of  proteids  or  albu- 
minoids, varying  somewhat  in  composition  in  “the  different  corpuscles.  Thus, 
while  the  blood  corpuscles  may  be  said  to  consist  of  undifferentiated  protoplasm, 
the  protoplasm  of  the  muscle  corpuscle  has  undergone  some  chemical  changes 
in  its  composition  in  connection  with  the  specialization  of  its  function,  so  that 
it  receives  the  name  of  myosin.  Besides  preteid  matter,  there  is  present  in  the 
bod}  a certain  proportion  of  carbohydrates,  fats,  saline  matters,  gases  and  water, 
as  well  as  the  various  substances  found  between  the  corpuscles  in  the  tissues 
which  may  be  regarded  a built  up  by  the  activity  of  the  corpuscles.  There  are 
also  waste  matters,  the  products  of  vital  activity.  Of  these  several  classes  manv 
examples  occur,  all  of  which  may  be  reduced  to  six  groups  of  what  are  called  the 
proximate  principles,  A proximate  principle  is  a chemical  composition  in  which 
compound  bodies  combined  in  living  matter  can  be  separated  as  such  by  purely 
chemical  piocesses.  Plence  the  proximate  principle  is  an  organic  compound 
that  enters  into  the  tissue  substance;  it  usually  contains  the  four  orna nogens 
united  together  in  complex  proportion,  along  with  certain  quantities  of  sulphur 
and  phosphorus.  Thus  sodium  chloride  is  a proximate  principle  of  the  body, 
because  it  is  found  in  the  body  as  such.  Sodium,  on  the  other  hand,  is  not  a 
pi oximate  principle,  because,  although  it  exists  in  the  body  it  is  never  free  as 
sodium,  but  always  in  chemical  combination  with  some  other  element  or  ele- 
ments. For  the  same  reason  phosphate  of  lime  is  a proximate  constituent  of 
bone,  but  phosphoric  acid  and  chloride  of  calcium  are  not  proximate  constituents, 
for  they  do  not  exist  individually  in  bone,  but  when  united  they  form  the  salt. 

I he  proximate  principles  are  sometimes  divided  into  two  classes,  the  nitrogenous 
and  non-nitrogenous.  The  proximate  principles  of  the  bodv  may  be  classed, 
however,  under  seven  heads:  fl)  Water.  This  is  present  in  all  the  tissues, 
forming  about  two-thirds  of  the  weight  of  the  body.  121  Salts.  For  example, 
the  chlorides  and  phosphates  of  sodium  and  calcium.  Sodium  chloride  is  found 
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in  all  fluids  and  tissues,  potassium  chloride  in  muscle  and  other  tissues,  and  cal- 
cium phosphates  and  carbonates  in  bones  and  in  the  teeth.  It  may  be  ic- 
membered  that  the  sodium  salts  are  found  most  abundantly  in  the  fluids,  and 
potassium  salts  chiefly  in  solids  of  the  body.  (3)  Gases,  carbonic  acid,  oxygen 
and  nitrogen  found  in  the  blood  and  other  fluids.  (4)  Carbohydrates.  Found 
chiefly  in  vegetable  tissues.  Some  are  found  or  formed  in  the  animal  organ- 
isms— (a)  grape  sugar  or  dextrine,  found  to  a limited  extent  in  the  various  fluids 
of  the  body,  sometimes  abnormally  large  in  diabetes,  (b)  Glycogen  or  animal 
starch,  in  the  liver,  muscles,  etc.  (c)  fnosit,  or  muscle  sugar,  found  in  small 
quantities  in  the  muscles  of  the  heart  and  elsewhere,  (cl)  Lactose  or  milk  sugar, 
found  in  milk.  Lactic  acid  is  said  to  be  formed  from  the  carbohydrates,  as  it  is 
found  in  the  muscles  and  other  parts  of  the  body.  (5)  Fats.  The  principal  fats 
of  the  body  are  formed  by  the  union  of  a fatty  acid  with  a compound  base  known 
as  glycerol,  a triatomic  alcohol  consisting  of  three  atoms  of  hydroxyl,  united  to  a 
radicle-glyceryl.  These  are — (a)  olein  or  oleate  of  glyceryl  with  oleic  acid,  (b) 
Palmatin  or  palmitate  of  glyceryl  with  palmitic  acid,  (c)  Stearin  or  stearate  of 
glyceryl  with  stearic  acid.  The  fat  of  the  body  exists  during  life  in  the  fluid 
condition,  and  consists  principally  of  olein  and  stearin.  Glycerol  is  the  base 
present  in  glycerine,  which  is  the  hydrate  of  glycerol.  (6)  Nitrogenous  sub- 
stances. These,  in  addition  to  C,  H,  and  0,  contain  N.  They  are  a very  im- 
portant class  of  bodies,  and  may  be  divided  into  two  sub-classes — (a)  Proteids  or 
albuminous  substances,  and  (b)  substances  allied  to  the  proteids.  (a)  Proteids. 
These  most  important  substances  occur  in  the  animal  organism,  being  complex 
substances,  all  containing  C,  H,  0 and-N,  with  a small  quantity  of  S.  Among 
them  we  find  myosin,  obtained  from  muscles;  globulin,  in  the  red  corpuscles  of 
the  blood;  fibrin,  formed  when  the  blood  coagulates;  casein,  found  in  milk;  and 
the  peptones,  formed  in  the  stomach  during  digestion,  (b)  Substances  allied 
to  proteids.  These  are  mucin,  found  in  mucus;  elastin,  the  basis  of  elastic 
tissue;  kreatin,  found  in  the  hair,  nails  and  epidermic  scales;  neuro-kreatin, 
found  in  nervous  tissue,  chiefly  in  the  brain;  gelatin,  obtained  from  the  white 
fibrous  tissue,  and  from  bones  by  prolonged  boiling;  chondrin,  obtained  from  the 
intercellular  substances  of  hyaline  cartilage  by  boiling.  Both  gelatin  and 
chondrin  are  soluble  in  boiling  water,  and  the  solution  of  each  forms  a jelly  on 
cooling.  The  solution  of  gelatin  gives  an  insoluble  precipitate  only  with 
tannic  acid  and  mercuric  chloride;  but  chondrin  is  also  precipitated  • by  acetic 
acid,  mineral  acids,  alum,  lead,  nitrate  and  acetates.  Kreatin,  kreatinin,  xanthin, 
urea  and  uric  acid,  along  with  numerous  other  compounds,  are  products  of  the 
breaking  down  of  the  nitrogenous  substances  of  the  food.  (?)  In  addition  to 
the  above  groups,  there  arc  sometimes  classed  with  the  proximate  principles  the 
pigments  of  the  body — for  example,  haemoglobin,  the  coloring  matter  of  the  red 
blood  corpuscles. 

The  cell  life,  as  well  as  the  tissue  functions,  depends  essentially  upon  chemi- 
cal processes.  A\e  do  not  intend  to  enter  into  a full  discussion  of  physiological 
chemistry,  because  that  subject  has  been  discussed  in  connection  with  the  special 
chemical  actions  ol  the  different  tissues  and  organs  of  the  body.  This  is  to  be 
regarded  rather  as  a summary  of  the  relation  of  chemical  action  to  the  physio- 
logical functions,  because  the  subject  of  physiology  would  be  incomplete  without 
taking  account  of  those  chemical  processes  which  are  so  essential  to  the  physio- 
logical condition  ol  the  body.  A\  e cannot  tell  the  true  molecular  constitution 
of  the  vital  body,  because  the  constitution  of  all  living  bodies  is  very  compli- 
cated, and  the  attempt  to  analyze  living  tissues  results  in  such  a change  in  the 
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molecular  .constitution  as  to  destroy  life.  The  complexity  of  the  chemical  com- 
position oi  the  body  is  however  only  a part  of  the  true  difficulty,  because  in  order 
o thepresenaiion  of  this  elaborate  constitution  they  require  constantly  to  pass 
tiiough  chemical  changes- — these  chemical  changes  forming  the  basis  as  well  a* 
the  fundamental  condition  of  life.  The  subject  of  the  chemical  changes  asso- 
rted with  digestion  and  assimilation  has  already  been  discussed  in  dealing  with 
the  physiology  of  the  body.  In  the  tissues  of  the  human  body  we  find  a greater 
^mety  oi  substances,  than  we  find  in  the  bodies  of  some  of  the  lower  animal-- 
a t bodies  however  are  essentially  protoplasmic,  the  special  form  of  this  proto- 
plasm being  determined  rather  by  the  nature  of  the  body  than  by  the  chemi-trv 
of  its  constituents.  • - 

bo  essential  are  the  chemical  constituents  of  the  body  to  life,  that  the  re- 
moval of  one  of  these  elements  would  mean  organic  death.  In  the  cells  of  the 
hocly  we  find  the  particles  so  arranged,  as  when  they  are  all  combined  together 
to  constitute  life  The  chemistry  of  the  body  is  a material  aid  to  the  physiology* 
because  chemical  changes  lie  at  the  basis  of  physical  activities.  Attempts  have 
been  made  to  classify  the  numerous  chemical  constituents  of  the  body  but  such 
attempts  are  uninteresting  from  the  standpoint  of  physiology,  because  these 
i hissifications  do  not  express  the  relation  of  the  chemical  constituents  to  the 
physiological  functions.  From  a physiological  standpoint  two  classifications 
June  been  made  that  deserve  to  be  noticed.  Except  oxygen,  nitrogen  and  hydro- 
gen,  all  of  the  chemical  elements  are  found  in  compound  form — these  com- 
pounds or  proximate  principles  being  classified  as  (a)  organic  compounds,  and  (b) 
inorganic  or  mineral  compounds.  The  former  include  the  four  chief  classes 
° - Primate  principles — proteids,  albuminoids,  carbohydrates  and  fats — the  last 
two  being  noil-nitrogenous;  the  latter  include  water,  acids  and  salts.  Another 
classification  that  is  of  importance  is  based  upon  the  value  as  well  as  the  vital 
relation  of  the  substances  to  the  body  organism,  and  particularly  the  body 
metabolism — namely,  the  classification  into  (A)  nitrogenous  substances.  In  this 
classification  are  included  (1)  those  compound  substances  which  form  the  tissues 
oi  the  different  forms  of  plasm.  (2)  Those  that  are  called  albuminous  sub- 
stances. (o)  Albuminoid  substances.  (4)  Substances  containing  nitrogen,  the 
products  of  changes  in  the  albuminous  substances  and  the  result  of  tissue  meta- 
bolism. (B)  K" on-nitrogenous  substances,  including- — (1)  carbohydrates,  (2)  fats 
(3)  water,  (4)  salts. 

In  discussing  this  subject  we  will  not  attempt  to  classify  the  substances,  but 
simply  enumerate  them  one  after  the  other. 


1.  Plasmic  Substances. — 

F nder  this,  head  we  find  a number  of  chemical  compounds  which  arc  un- 
known to  chemistry  and  physiology,  because  death  destroys  the  vital  conditions 
ol  the  tissues.  As  soon  as  death  takes  place  the  substances  become  dead  and  are 
subject  to  dissociation  from  the  vital  relationships.  These  substances  un- 
doubtedly exist  as  complex  chemical  bodies,  and  possess  as  such  special  vital 
properties  which  give  vitality  as  well  as  activity  to  the  different  organs  of  the 
body,  motion  and  activity  being  essential  to  tissue  life.  The  most  important  of 
these  substances  is  bioplasm.  This  represents  the  active  substance  of  all  living 
organisms.  It  commonly  exists  in  small  cell  masses,  in  which  we  find  all  of  the 
vital  phenomena.  While  we  regard  this  as  a physical  and  vital  substance,  we 
must  also  assume  that  il  is  a chemical  compound,  because  vitality  is  manifested 
only  so  long  as  chemical  integrity  is  preserved.  In  ihc  attempt  to  analyze  its 
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diemical  composition,  both  chemical  and  vital  equilibrium  are  destroyed.  In 
order  to  the  preservation  of  protoplasmic  vitality,  it  is  essential  that  the  proto- 
plasm he  associated  with  certain  substances  providing  it  with  warmth,  moisture 
and  nutrition.  When  the  chemical  and  vital  equilibrium  are  destroyed  new  sub- 
stances appear,  so  that  we  are  not  able  to  distinguish  the  vital  substances  from 
the  post-mortem  substances.  In  connection  with  the  living  body  we  find  another 
plasmic  substance.  This  plasmic  substance  is  very  complex  in  its  composition, 
as  is  evident  from  the  fact  that  accompanying  its  death  we  find  a number  of 
chemical  changes,  as  well  as  the  appearance  of  certain  albuminous  substances 
that  were  not  known  to  be  present  in  the  plasma  during  life.  The  vitality  of 
the  plasm  is  sustained  by  the  changes  that  take  place  chemically  and  physically 
in  the  relation  of  the  blood  to  the  body  tissues  and  the  external  air.  In  con- 
nection with  the  muscles,  we  also  find  a plasmic  substance  associated  with  the 
soft  and  contractile  portion  of  the  striped  muscle.  This  muscle  plasma  is  sepa- 
rated from  the  muscle  at  and  after  death,  and,  like  the  blood,  is  subject  to  a great 
many  changes,  involving  coagulation,  acidity,  change  of  temperature,  and  the 
disappearance  of  oxygen. 

2.  The  Peoteids. — 

These  proteids  are  also  called  albuminous  substances,  consisting  of  organic 
compounds  of  C,  II,  0, 1ST,  and  S.  It  is  difficult  to  say  whether'  they  exist  in  this 
form  in  the  living  tissue,  because  we  are  unable  to  analyze  them  in  tbe  living- 
body,  the  use  of  any  chemical  reagents  involving  death.  They  are  not  found  in 
connection  with  any  body  secretion,  except  those  which  nourish  the  body  or  are 
designed  to  nourish  the  germ  of  life  in  connection  with  the  ovum,  the  semen  and 
tbe  milk.  They  are  found  in  a solid  condition,  or  in  solution  in  the  solids  and 
fluids  of  the  body.  All  of  the  proteids  except  haemoglobin,  which  is  really  a 
compound  proteid,  are  amorphous  and  uncrystal izable.  They  are  not  soluble  in 
alcohol  or  ether,  although  some  are  soluble  in  water  and  in  weak  neutral  salt 
solutions,  while  others  can  be  dissolved  only  in  concentrated  salt  solutions.  Pro- 
teids are  always  present  in  the  protoplasm  of  living  cells,  and  cannot  be  separated 
from  organic  life.  Proteids  havq  been  described  as  “highly  complex,  and  for 
the  most  part  non-crystalizable  compounds  of  C,  If,  N,  0 and  S,  occurring  in  a 
solid  viscous  condition  or  in  solution  in  nearly  all  the  solids  and  liquids  of  the 
organism.  The  different  members  of  the  group  present  differences  in  physical, 
and  to  a certain  extent  in, chemical  properties;  they  all  possess  however  certain 
common  chemical  reactions,  and  are  united  by  a close  genetic  relationship.”  The 
proteids  are  formed  in  vegetable  life  •out  of  simple  chemical  compounds  used  as 
food,  while  in  the  animal  life  the  proteids  are  taken  directly  or  indirectly  from 
the  vegetables.  In  connection  with  the  action  of  the  digestive  juices,  the  pro- 
teids are  converted  into  peptones,  and  after  absorption  become  reconverted  info 
proteids.  In  connection  with  these  albuminous  bodies  we  find  several  classifica- 
tions (1 ) Native  albumins;  tlie.se  represent  proteids  which  can  be  dissolved  in 
wafer  and  cannot  be  precipitated  by  saturation  with  sodium  chloride.  They  may 
be  coagulated  by  heat,  d he  chief  of  these  are  egg  albumin,  which  is  not  ob- 
tained in  ordinary  tissues  but  is  found  in  the  white  of  an  egg;  serum  albumin, 
which  is  found  as  the  albumin  is  formed  in  the  nutrient  fluids  of  the  body,  and 
al>o  lactalbumin.  ft)  (Ilobul ins;  these  proteids  are  not  soluble  in  water,  but  are 
soluble  in  dilute  neutral  salt  solutions,  and  may  be  precipitated  by  saturation 
with  sodium  chloride,  these  are  coagulated  by  heat.  The  chief  classes  of 
globulins  are  serum  globulin,  which  is  found  in  connection  with  the  tissues,  and 
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the  blooil  fibrinogen,  which  is  found  in  connection  with  the  blood;  myosin  which 
is  obtained  from  dead  muscle  m connection  with  the  exudation  from  The  nnUe 
^ ;oTtalll,V1i  ,,U  anf1?tellin-  W Derived  albumins  or  albuminates.  Thi' 
noTJLr™  ?•  ie.n,?ta!1,c  Proteicl  compounds,  and  also  to  the  syntonin  or 
\ ’ m1’  ,A'lllcl1  « derived  from  the' regular  proteids  by  the  slow  action  of 

veak  acids  or  the  rapid  action  of  a strong  acid;  it  is  also  applied  to  the  alkali 
albumin,  which  18  Produced  b3r  the  action  of  a weak  alkali  or  a strong  potassium 
solution  m connection  with  egg  albumin.  These  two  are  proteids  msolulde  in 

r °r  mi  nCU1'c]  Salt  solution’  but  very  soluble  either  in  dilute  acids  or 
alkaues.  the  solutions  cannot  be  coagulated  by  heat.  The  casein  of  milk  is 
also  a proteid  precipitated  from  the  milk  by  rennet  or  by  strong  acetic  acid  (4) 
Proteoses  These  represent  proteids  which  are  not  coagulated  by  heat,  but  am 
precipitated  by  saturation  with  neutral  salts  or  with  nitric  acid,  the  latter  preeipi- 

K®  feK  d,s^  ved  by,heat  , They  are  like  ««  peptones  in  their  capacity  of 
di  (fusibility.  They  are  formed  from  the  proteids  by  proteolytic  action  represent- 
ing an  intermediate  stage  m peptone  formation.  The  chief  of  these  are  albu- 
moses,  among  these  being  proto-albumose,  hetero-albumose,  and  deutero-albu- 
mose.  (o)  Peptones.  These  pioteids  are  formed  by  the  action  of  the  digestive 
ferments  and  are  very  soluble  in  water,  not  being  precipitated  by  heat  or  bv  a 
neutral  salt  solution  or  by  nitric  acid.  The  peptones  are  sometimes  subdivided 
into  hemi-peptones,  which  under  the  action  of  pancreatic  digestion  yield  leucin 
and  tyrosm;  and  anti-peptones,  which  do  not  yield  those  substances  (6)  The  in- 
soluble proteids.  In  this  class  are  included  a number  of  proteids— for  example, 
nin,  lunch  is  only  known  in  connection  with  the  chemical  changes  involved 

W the  bl°0cl  Plasraa^  coa?lllated  proteids,  gluten.  These  proteids 

1 i ei  Pom  the  others  in  the  sense  that  when  coagulated  they  lose  their  former 
characteristics.  The  proteids  possess  some  general  characteristics.  Among  these 
are  (1)  their  non- diffusibility.  The  peptones  and  also  the  albumoses  are  how- 
ever diffusible.  On  account  of  their  indiffusibilitv  we  are  able  to  separate  the 
P™  from  §aline  mixtures,  and  also  to  separate  the  proteids  from  one  another. 

Lhe  Proteids  are  all  characterized  by  this:  that  they  “rotate  the  plane  of 
polarized  light  to  the  left.  ’ (3)  Most  of  the  proteids  may  be  coagulated  by 

heating,  although  there  is  a difference  in  the  temperature  at  which  coagulation 
takes  place — myosin  and  fibrinogen  at  56  degrees,  egg  albumin  at  72  degrees 
and  globulin  at  75  degrees  C. 


3.  The  Albuminoids. 

This  term  is  limited  to  certain  nitrogenous  substances  very  closelv  allied 
to  the  proteids,  differing  from  the  proteids,  however,  in  some  respects/  These 
represent  the  result  of  nutritive  changes  in  the  protaplasm,  and  may  be  said 
to  be  produced  by  it  so  as  specially  to  adapt  the  substance  to  the  requirement  of 
some  of  the  tissues.  Among  these  substances  we  find  mucin,  which  is  associated 
" ith  the  secretion  of  some  oi  the  epithelial  cells,  and  the  chief  part  of  lhe  sub- 
stance of  connective  tissue.  Tt  renders  the  fluid  viscous  and  is  precipitated  by 
acetic  acid.  Mucin  is  the  chief  element  of  mucus,  and  gives  the  ropy  character- 
istic to  the  secretion,  being  suspended  in  an  alkaline  exudation  from  the  blood  and 
mingled  with  broken-up  epithelial  cells.  In  connection  with  the  mucous  glands, 
such  as  the  sub-maxillary,  we  find  the  mucin.  Among  other  albuminous  sub- 
stances we  find  collagen  in  connection  with  the  white  fibres  of  connective  tissue, 
including  tendons  and  ligaments.  Ossein  is  also  derived  from  the  bone.  Col- 
lagen when  boiled  is  converted  into  gelatin,  which  represents  the  most  character- 
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a jelly  when  allowed  to  cool  after  boiling. 


the  amount  of  waste  that  is  associated  with  the  use  of  fat  in  the  body.  Among 
the  other  albuminoids  we  find  chondrin,  which  is  formed  by  prolonged  boiling 
of  cartilage,  being  probably  mixed  with  mucin  and  gelatin.  We  also  find  elastin 
in  connection  with  the  boiling  of  the  yellow  elastic  tissue  with  caustic  alkali. 
Nuclein  is  the  principal  Constituent  of  cell-nuclei;  nucleo-albumin  represents  a 
compound  of  proteid  and  nuclein,  and  is  found  in  connection  with  cell  proto- 
plasm. Keratin  is  found  in  the  epidermic  appendages,  and  is  found  to  consist 
of  a large  quantity  of  sulphur,  being  soluble  in  the  alkalies  and  very  insoluble 
in  the  digestive  juices. 

4.  The  Cakbohydkates. — 

These  are  compounds  of  C,  H,  and  0,  two  atoms  of  H being  found  for  every 
atom  of  0,  in  the  molecule.  They  are  taken  chiefly  from  vegetable  tissue  and 
are  very  important  as  foods,  although  some  of  them  are  found  in  connection 
with  animal  tissue,  such  as  grape-sugar,  milk-sugar  and  glycogen.  They  have 
been,  arranged  in  three  groups:  (a)  the  amylose  or  starchy  carbohydrates.  The 
chief  amyloses  are  starch,  which  is  found  in  small  granular  masses  in  some  plants, 
and  is  changed  by  the  fermentation  of  the  salival  and  pancreatic  juice  into  dex- 
trin and  maltose  by  a hydrolytic  process;  dextrin,  which  is  intermediate  between 
starch  and  sugar;  glycogen  or  animal  starch,  which  is  found  in  the  liver  and  in 
the  muscles.  The  liver  seems  to  get  its  .carbohydrate  in  dextrose  form,  storing 
it  as  glycogen,  reconverting  it  again  into  dextrose  by  hepatic  cell  activity;  cellu- 
lose represents  a colorless  substance  found  in  the  cell  wall  of  plants  and  of  grains 
like  corn,  oats,  etc;  (b)  the  glucose  group  includes  the  dextrose  or  grape  sugar 
found  in  connection  with  fruit,  honey,  and  in  small  quantities  in  the  blood; 
laevulose.  the  sugar  found  in  connection  with  some  fruits  and  formed  along  with 
dextrose  from  cane  sugar  by  invertin  action;  galactose  or  the  sugar  that  is  formed 
by  lactose  hydration;  and  inosit,  or  the  muscle  sugar,  (c)  The  saccharose  group 
includes  cane  sugar  found  in  fruits  and  in  plant  juices.  When  used  as  food  it  is 
inverted  into  equal  parts  of  dextrose  and  laevulose  by  fermentation;  lactose,  or 
the  milk  sugar,  and  maltose,  or  the  starch  form  of  sugar  formed  in  connection 
with  ptyalin  and  amylopsin  action,  and  also  formed  by  diastasic  action  upon 
starch. 

o.  Fats. — 

Fat  consists  of  C,  II  and  0,  the  oxygen  being  less  in  proportion  to  the 
hydrogen  than  in  connection  with  the  carbohydrates.  Fats  are  found  in  large 
quantities  in  some  tissues,  and  also  suspended  in  most  of  the  fluids.  It  is  said 
that  the  average  amount  of  fat  is  about  one-thirtieth  part  of  the  body.  Fats 
are  found  in  the  three  forms,  palmitin,  stearin  and  olein — the  first  two  being 
liquefied  on  admixture  with  olein.  Fats  are  not  soluble  in  water,  but  are  soluble 
in  ether  and  alcohol.  The  fats  are  compound  substances  composed  of  glycerin 
and  fatty  acids,  water  being  removed  in  the  process  of  combination.  In  con- 
nection with  sodium  hydration  there  is  a splitting  up  of  the  fat  into  glycerine 
and  a compound  of  the  fatty  acid  and  an  alkali,  called  a soap,  representing  the 
process  of  saponification.  When  fats  are  shaken  up  in  connection  with  water 
containing  albuminous  substances  or  a solution  of  alkaline  carbonate,  the  fluid 
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Jat  is  broken  up  into  fine  particles  forming  an  emulsion.  Milk  represents  an 
emulsion.  Saponification  and  emulsification  take  place  in  connection  with  tlm 
alimentary  process,  steapsm  saponifying  a part  of  the  fat,  the  soap  assisting  tin 
pancreatic  juice,  and  the  bile  in  the  emulsification  of  the  rest. 


6.  The  Ferments. — 

Fermentive  action  is  the  essential  basis  of  the  digestive  process,  chemical 
changes  being  induced  in  connection  with  a ferment.  As  distinguished  from 
the  organized  ferments  which  are  associated  with  the  micro-organic  action,  we 
find  the  unorganized  ferments  or  enzymes  which  are  associated  with  the  fermen- 
tation processes  that  take  place  in  the  alimentary  canal.  These  have  been  clas-d- 
fied  as  amyl oly tic,  changing  starch  and  glycogen  into  sugar,  as  in  the  case  of 
ptyahn,  and  amylopein;  proteolytic,-  changing  proteids  into  proteoses  and  pep- 
tones, as  in  the  case  of  pepsin  and  trypsin;  steatolytic,  splitting  up  the  fats  into 
glycerine  and  fatty  acids,  as  in  the  case  of  steapsin;  invertin,  converting  the 
saccharoses  into  the  assimilable  form  of  dextrose;  the  coagulating  ferments,  which 
convert  soluble  into  insoluble  proteids,  as  in  the  case  of  rennin  changing 
casemogen  into  casein;  fibrin  ferment,  changing  fibrinogen  into  fibrin;  and^the 
myosin  ferment  that  coagulates  myosinogen.  Ferment  action  is  associated  with 
a hydrolytic  process,  in  which  water  is  added  to  the  substance  that  is  acted  on. 
resulting  in  the  formation  of  new  substances. 

7.  The  Products  of  Tissue  Change. — 

In  the  metabolic  processes  of  the  tissues,  the  tissues  go  through  certain 
processes  involving  the  assimilation  of  certain  substances,  and  the  breaking  up 
and  throwing  off  of  certain  other  substances,  which  are  found  in  connection  with 
the  secretions  and  excretions.  In  connection  with  the  bile  we  find  two  acids 
united  with  sodium  to  form  soluble  salts,  wdiich  can  be" identified  by  the  purple- 
violet  color  produced  by  cane-sugar  at  a temperature  of  70  degrees  C.  These  are 
taurocholic  and  glycocholic  acid.  In  the  bile'  we  also  find  the  coloring  substances 
bilirubin  and  biliverdin — the  former  being  found  in  the  human  subject,  and 
being  derived  probably  from  »the  coloring  matter  of  the  blood.  Lecithin  repre- 
sents a complex  nitrogenous  fat  found  in  connection  with  the  fluids  and  the 
tissues  of  the  body,  particularly  in  nerve  tissue.  It  is  chiefly  found  as  a de-’ 
composition  product  of  the  brain  substance.  Cerebrin  is  also  obtained  from  the 
brain  substance  and  the  nerve  substance — the  only  thing  that  is  known  being 
that  it  does  not  contain  phosphorus.  Protagon  is  supposed  to  be  the  principal 
substance  found  in  the  brain,  and  is  said  to  be  a combination  of  lecithin  and 
cerebrin.  Cholestcrin  is  found  in  connection  with  tissue  changes  and  metabol- 
ism, particularly  in  connection  with  the  nerve  centers.  It  is  also  obtained  from 
gall-stones,  and  seems  to  be  amonatomic  alcohol.  In  connection  with  the  waste 
matters  that  are  thrown  off  from  the  body  as  the  result  of  the  active  chemical 
changes  that  take  place  in  the  body,  we  find  urea,  uric  acid,  kreatin,  kreatinin, 
leucin,  tyrosin,  indol,  indican,  etc.,  which  have  been  considered  before. 

8.  Salts  and  Acids. — 

Inorganic  acids  are  found  either  in  combination  in  the  formation  of  salts, 
such  as  sulphuric  and  phosphoric,  or  in  an  uncombined  condition,  as  in  the  case 
of  hydrochloric  acid,  which  is  formed  in  connection  with  the  mucous  glands  of 
the  stomach  in  the  marginal  cells,  and  has  an  important  function  to  discharge 
in  connection  with  gastric  digestion.  We  also  find  carbonic  acid  gas  in  nearly  all 
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fluids  of  the  body,  being  absorbed  from  the  tissues  during  the  process  of  com- 
bustion. A large  quantity  is  found  in  connection  with  the  plasma  of  the  venous 
blood,  which  as  it  passes  through  the  lungs  eliminates  the  gas  in  connection  with 
expiration.  Many  salts  are  found  in  connection  with  tissue  in  small  quantities. 
In  the  teeth  and  the  bones  the  salts  are  found  in  solid  form,  and  in  larger  quan- 
tities than  in  the  softer  tissues  where  they  are  found  in  solution.  Most  of  the 
salts  are  taken  into  the  body  in  the  form  of  food,  although  some  may  be  formed 
in  the  body.  We  are  unable  to  say  what  position  is  occupied  by  the  salts  in  the 
living  animal  tissue,  because  we  can  only  estimate  the  quantity  from  the  ash  of 
the  tissue  found  after  burning.  They  are  doubtless  in  chemical  combination 
with  some  of  the  complex  organic  substances,  and  are  necessary  to  the  perform- 
ance of  the  body  functions.  In  what  way  they  assist  in  the  body  functions  we  are 
unable  to  say,  except  that  they  seem  to  assist  in  the  solution  of  certain  substances 
like  the  globulins.  Sodium  chloride  is  the  most  common  salt  found  in  the  body, 
and  is  found  in  large  quantities  in  all  the  tissues  and  fluids  except  the  bones, 
the  teeth,  the  red  corpuscles  and  the  red  muscle.  Small  quantities  of  potassium 
chloride  are  found  along  with  the  sodium  chloride,  and  larger  quantities  in 
muscle  and  the  red  corpuscles.  Carbonates  and  phosphates  of  calcium,  sodium, 
potassium  and  magnesium  are  also  found  in  the  tissues. 

(9)  Water  is  found  in  nearly  all  the  tissues  of  the  body,  in  larger  propor- 
tion than  any  other  chemical  substance,  representing  about  75  percent  of  the 
body  weight.  Water  is  taken  into  the  body  in  drink  and  along  with  the  more 
solid  food.  There  is  also,  as  we  have  seen  before,  the  formation  in  connection 
with  the  tissues,  water  being  formed  by  the  oxidation  of  the  hydrogen  found  in 
connection  with  the  more  compolex  substances  that  are  found  in  the  body. 
When  water  is  absorbed  in  connection  with  a substance,  we  have  a hydration 
process,  as  in  the  case  of  calcium  oxide  transformed  into  hydroxide  in  connection 
with  water.  The  breaking  down  of  substances  by  the  absorption  of  water  is 
called  hydrolysis,  as  in  the  ease  of  cane  sugar  absorbing  water  and  being  broken 
up  into  dextrose  and  laculose.  The  importance  of  water  in  the  digestive  process 
may  be  estimated  from  this  fact:  that  all  the  fermentation  actions  really  take 
place  in  connection  with  hydrolysis.  Water  in  connection  with  the  body  system 
acts  as  a solvent,  and  as  the  means  through  which  chemical  changes  take  place 
in  the  different  organs  of  the  body,  as  well  as  forming  the  chief  constituent  of 
the  body  substance. 

10.  1 he  Coloring  Matter  and  Pigments  of  the  Body. — 

These  coloring  matters  of  the  body  are  essential  constituents  of  the  bodv 
substance.  Among  these  we  And  haemoglobin,  which  represents  the  principal 
constituent  of  the  red  corpuscles  which  give  the  dark  color  to  the  venous  Wood. 
In  the  ordinary  arterial  blood  it  is  also  present  in  small  quantities.  On  the 
exposure  of  haemoglobin  to  the  air  it  quickly  unites  with  oxygen,  becoming  oxy- 
haemoglohin,  the  chief  constituent  of  the  red  corpuscles  in  the  arterial  condition 
I lac-matin  represents  a disintegration  product  of  haemoglobin  under  the  action  of 
oxygen.  When  reduced  haemoglobin  is  heated  in  sealed  tubes  free  from  oxyircn, 
along  with  dilute  acids  of  alkalies,  there  is  produced  a purple-red  compound 
called  haemochromogcn,  which  represents  a disintegration  product  of  haemo- 
glohin.  On  exposing  the  blood  for  a time  to  the  air  and  examining  it  by  the 
spectroscope,  it  is  found  to  exhibit,  in  addition  to  the  oxynaemoglobin,  absorp- 
tion bands  a marked  absorption  band  which  is  due  to  methaemoglobin.  in 
connection  with  the  bile  we  find  the  bilirubin,  representing  the  coloring  matter 
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of  the  ordinary  yellow  human  bile.  There  is  also  found  sometimes  another 
oxidation  product  called  the  green  coloring  matter  biliverdin.  In  connection 
with  the  skin,  the  retina  and  the  iris,  we  find  melanin,  containing  iron  and 
originating  in  connection  with  the  haemoglobin.  In  the  pathological  condition 
oi  melanosis  we  find  the  deposition  of  black  granules.  There  is  sometimes  found 
a disintegration  product  of  hemipeptone  in  triptic  digestion,  called  triptophan. 
These  represent  the  most  common  substances  that  are  found  in  connection  with 
the  coloration  of  the  different  tissues  and  substances  of  the  body. 
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